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A designer must have a grasp of the preferences and mental perceptions of the target group
during the design process. This study was carried out in order to determine the satisfaction
levels and discomforts experienced by office workers regarding the seating element they use.
Seating element comfort is an important issue for individuals who work sitting for long periods
of time. In order to determine these problems, first of all, literature research was conducted and
survey questions were prepared. Then, a face-to-face survey was conducted on office workers in
three different cities in Turkey and the survey results were evaluated.

a b

Figure A. Anatomical Adjustment of Sitting Position, A — True, B - False.

Purpose: In this study, it is aimed to reveal the opinions of the employees in office
environments about the seating elements they use, and to form an idea for the designers in the
designs of the seating elements. For this purpose, in the research, it has been tried to determine
the preferences, priorities and discomforts of the office workers about the sitting element they
use.

Theory and Methods: The research was conducted on office workers who mostly do their jobs
sitting down. For this purpose; Face-to-face interviews were conducted using the questioning
technique with 192 office workers from different occupational groups who agreed to participate
in the study in three different cities in Turkey (Denizli, Izmir and Hatay). According to the
hypotheses put forward, the questions asked in the questionnaire and sample sitting element
models were created. In order to get information about the seating elements used by the
employees in the research, 12 different seating element models were shown and they were
asked to answer the survey questions by choosing the one similar to the model they used.

Results: According to the results obtained; It has been observed that there is a significant
relationship between the characteristics of the seating element and the independent variable
gender, age group, education level and occupation. In addition, it has been determined that
usage features (functionality) are more important than esthetic features in expectations from the
seating element. As the age progresses, the proportion of those who want a hard surface in the
seating area increases. Those who want soft sponges are mostly in the 18-25 age group.
Considering the gender, it was seen that men preferred the use of hard sponges on the seating
surface. The results of the survey study are presented and discussed in Chapter 3.

Conclusion: This study was carried out in order to determine the expectations of the employees
in the office environment from a sitting element and it was observed that the office workers who
use the height-depth adjustable/wheeled-moving models do not have any problems with the
sitting elements. In addition, in the design of seating elements, comfort and functionality should
be taken into account before aesthetic features. For this reason, a seating element that is
compatible with the user's body and increases working efficiency and comfort should be
preferred, instead of ergonomically non-functional seating elements.

While designing user-oriented furniture, it is necessary to consider age, gender and occupation
criteria.

*Corresponding author, e-mail: kadirozkaya@pau.edu.tr

DOI: 10.29109/gujsc.784818
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Abstract
o The human body should be comfortable in all actions required by the working environment.
Makale Bilgisi Otherwise, problems such as fatigue,decreased job comfort or low productivity will occur.This
Arastirma makalesi situation is an important problem especially for individuals such as office staff who work in the
Bagvuru: 24/09/2020 same position for a long time. This study was carried out to determine the discomfort and
Diizeltme: 19/03/2021 satisfaction levels of office workers with the seating element they use. In this context, a face to
Kabul: 23/03/2021 face survey was conducted with a total of 192 office employees including 70 female and 122

male in Izmir, Denizli, and Hatay cities. According to the results of the study; it has been shown
that the office employees’ satisfaction levels from the elements of sitting used by themselves are

Keywords high and the usage of features in the element of sitting is more important instead of visual
Office Staffs features. Besides, it has been observed that the proportion of those who prefer a hard seat
Sitting Element surface has increased with age and the office workers who use the models with adjustable
User Reviews height and depth/wheeled-movable do not have any problems with the seating elements.
Ergonomics

Ofis Calhisanlarimin Kullandig1 Oturma Elemam ile ilgili Tercihlerinin

) Belirlenmesi
Anahtar Kelimeler .
Oz
Ofis Calisanlar
Oturma Elemam Insan bedeni, ¢alisma ortammin gerektirdigi tiim eylemlerde rahat olmalidir. Aksi takdirde

Kullamci Goriisleri

Ergonomi yorgunluk, is konforunun azalmasi, verim disiikliigii gibi olumsuzluklar ortaya ¢ikacaktir. Bu

durum 6zellikle ofis galisanlar1 gibi uzun siire ayn1 konumda ¢alisan bireyler igin 6nemli bir
sorundur. Bu calisma, ofis ¢aliganlarimin kullandiklart oturma elemani ile ilgili memnuniyet
durumlar1 ve yasanilan rahatsizliklarin belirlenmesi amaciyla yiiriitilmiistiir. Bu kapsamda;
Izmir, Denizli ve Hatay illerinde 70’1 kadin, 122’si erkek olmak iizere toplam 192 ofis calisani
ile yliz yiize anket caligmasi yapilmistir. Calismanin sonuglarina gore; ofis c¢alisanlarinin
kullandiklar1 oturma elemanindan memnuniyet diizeylerinin yiiksek oldugu, oturma elemaninda
gorsel ozellikler yerine kullanim 6zelliklerinin daha dnemli oldugu ortaya konmustur. Ayrica
yas ilerledikge sert oturma yiizeyini tercih edenlerin oraninin arttig1 ve yiiksekligi ile derinligi
ayarlanabilen/tekerlekli-hareketli modelleri kullanan ofis ¢aliganlarinin oturma elemanlart ile
ilgili sorun yasamadiklari goriilmistiir.

1. GIRIS (INTRODUCTION)

Oturma, yasamin her doneminde yapilan bireysel ve en temel eylemlerden biridir. Yiizyillar i¢inde
gecirilen yasamsal degisiklikler farkli donemlerde, kiiltiir, mekan ve teknolojik gelismelere bagli olarak
farkli oturma aligkanliklarini da beraberinde getirmistir [1]. Oturma pozisyonunda yapilan ofis
caligmalari, ¢aligma siiresinin ¢ogunda kisa yiirime ve aralikli ayakta durma ile daha ¢ok oturmayi
gerektirir. Désemenin yapisi, oturma yiizeyinin sekli ve sertligi, koltuk ve sirthigin deformitesi vb. {iriiniin
genel yapisi ile birlikte oturma konforunu ve yorulma diizeyini belirler [2].

Oturma daha az kas giicii ve enerji tiiketimini gerektirdiginden ve o6zellikle incelikli iglerde elleri ve
kollar1 sabit konumda tutabilmeyi sagladigindan tercih edilir [3]. Tibbi ve ergonomik ¢aligmalar, uygun
olmayan ayakta durma ve oturma duruslarina bazen kas ve tendon bag dokularinda, eklem kapsiillerinde
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ve baglarda agrilarin eslik ettigini gostermektedir. Bu tiir agrilarin romatizmal bozukluklara atfedilen
kronik hastaliklarin semptomlar1 haline gelebilecegine dair kanitlar vardir[4]. Son zamanlarda yapilan
ortopedik aragtirmalar, durus ve oturus bozukluklarinin intradiskal basingta asir1 artiglara neden oldugunu
ortaya koydu[5]. Grandjean ve Hiinting'e (1975) gbre oturmak, ayakta durmanin aksine, omurlararasi
disklere olan baskiy1% 35 kadar artirmaktadir. Ek olarak, uzun siireli oturmanin insan sagligi iizerinde
uzun vadede bir¢ok dezavantaji olabilir [6].Bu ortopedik bulgular, oturma davranisi ve somatik sorunlar
lizerine ergonomik arastirmalarla birlikte, dinlenme sandalyeleri ve ofis oturma materyallerinin yapimi
icin uygun alt yap1 saglar[2].

Oturma elemanlar1 ile ilgili literatir daha c¢ok rahatlik ve rahatsizlik arasindaki fark iizerine
yogunlagmaktadir [5]. Rahatlik ve rahatsizlik konusundaki mevcut bilgi birikimi sinirli olmakla birlikte,
bu bilgiye duyulan ihtiyag ¢ok Onemlidir [7]. Rahatlik ve rahatsizlik, 6zellikle is istasyonlart ve
sandalyelerin degerlendirilmesi ilgili ergonomik ¢aligmalarda siklikla 6l¢iiliir [8]. Rahatlik, bir ¢evre veya
duruma tepki olarak bireyin 6znel iyi olus duygusudur.Oturmada rahatlik ve rahatsizlik ofis ¢alisanlarin
baslica endiseleridir ve genellikle ofis ortamlarinin ergonomik olarak degerlendirilmesini gerektirir [9].
Rahatsizliga genellikle biyomekanik faktorler ve yorgunluk neden olur. Bu nedenle sandalyeler, cagdas
trendlere ve tasarima cevap vermenin yani sira her seyden once kullanici i¢in konfor - rahatlik
saglamalidir. Oturma materyalinin rahatligin1 dogru bir sekilde tanimlamak o kadar kolay degildir[5].
Oturma konforu, subjektif bir algi ve duyusal deneyimdir ve ofis koltuklarinin objektif diizenine mutlaka
karsilik gelmeyebilir [10,11].Bunun bir nedeni, sandalyelerin ergonomik o6zelliklerinin sagladigi sinirl
farkindalik ve duyusal uyarimin bilissel islemesi olabilir. Koltuk ve sirtin sekli, minderlerin kalinlig1 ve
yogunlugu veya minder kilifinin cinsi gibi ofis koltuklarinin 6zellikleri, dogasi geregi esasen dokunsal ve
kinestetik olan ¢esitli duyusal etkiler saglar. Bununla birlikte, bu duyusal sistemden gelen girdiler, gorsel
veya igitsel duyusal sistemden gelen girdilerden daha yaygin ve biitiinsel algilar yaratma egilimindedir
[12].Bununla birlikte, oturma rahatlig1 ve rahatsizlik iyi tanimlanmadigi igin degerlendirmeler yetersizdir.
Genel tabirle, rahatllk hem rahatlk hem de rahatsizik anlamina gelebilir [9].Gegmiste
rahatlikyumusaklikla iliskilendirilirken, giniimiizde 6nemli olan insan viicuduna uyum saglamasidir.
Yumusak mobilyalar insan viicuduna uyum saglar, ancak bu gercek bazi ek sorunlar1 da beraberinde
getirir. Cagdas konforun temel faktorii, viicuda 6zel bir baskidir. Ergonomik oturmanin amaglarindan
bazilari, bireysel etkinligi artirmak, yorgunlugu azaltmak ve "dogru" oturma pozisyonunu siirdiirmektir
[5]. Insan viicudunun temas yiizeyi daha biiyiikk oldugunda bu basing daha kiiciiktiir. Dosemenin
ozellikleri rahatlik ve basmcin dogru dagilimi i¢in 6nemlidir[13,14].

Kisa siirede daha fazla isin tamamlanmasi i¢in insan, ara¢ ve malzeme arasindaki en uygun iligkilerin
diizenlenmesini amaglayan ergonomi bilimi, bunu saglamak icin mekin ve iiriin tasarimindaki
ayrintilardan yola ¢ikar[15].Son yillarda kurum ortamlarina bilgisayarin girmesi, bilgisayar kullanimi ile
ilgili ergonomik sorunlar1 da beraberinde getirmistir. Ozellikle gelismis iilkelerde iist ekstremite kas-
iskelet sistemi rahatsizlarinda (KISR) 6énemli artislar s6z konusudur. Bu rahatsizliklar ¢alisan-donanim
uygunsuzlugundan kaynaklanabilecegi gibi, kisa - uzun boy, engellilik, asir1 kilo vb. faktorlerden de
kaynaklanabilmektedir [16,17,18]. Calisma yerini ergonomik olarak diizenleyerek yorgunluk ve kas
gerilmelerini engellemek, gereksiz hareketleri ortadan kaldirarak konforu artirmak olasidir [18,19].

Ergonomik oturmanin amaglarindan bazilar, bireysel etkinligi artirmak, yorgunlugu azaltmak ve "dogru"
oturma pozisyonunu siirdiirmektir. Hatali oturma materyali ve oturma pozisyonu calisma sirasinda
performansin diigmesinin ana nedenidir [5].Kas-iskelet sistemi ile ilgili agrilar uygun olmayan (sagliksiz)
oturma postiirii ve uzun siireli ¢aligma-asir1 yliklenmeden kaynaklanmaktadir. Oturma sinirlamalar
kullanicinin  saghigimi g¢esitli bigcimlerde etkiler. Bu etki kronik yapisal bozulmalara, kas agrisina,
abdominal kaslarda gevsemeye, dolasim sisteminde bozulmaya neden oldugundan, sandalyelerin farkli
oturma pozisyonlarina izin vermesi beklenmektedir [20,21]. Dik oturma, omurgaya yaklasik % 25 daha
az yiik binmesini saglar ve bir¢ok sirt problemini dnler. Bu nedenle ¢alisanin dogru pozisyonda oturmasi
saglanmalidir (Sekil 1)[15].
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a b

Sekil 1.0turma Pozisyonunun Anatomik Uyumu A - Dogru, B — Yanlis [15,22].

Higbir sey ofis masasinda gegirilen zamani gergek bir eziyete doniistiirmek igin, kotii tasarlanmig veya
viicuda uymayan bir sandalyede oturmaktan daha fazlasini yapamaz. Dogru sandalyeye sahip olmanin
Oonemini gézden kagirmak kolaydir ve ¢cogu insan islerini yerine getirmek i¢in kullaniglt olan sandalyeyi
kullanmaya ¢aligir. Uzmanlar, sandalyenin saglikli bir ¢alisma ortaminin belki de en 6nemli bileseni
oldugu konusunda hemfikirdir. Ergonominin amaci, c¢alismay1 veya diger aktiviteleri daha rahat ve
iiretken hale getirmektir. Ergonomi bilimi, insan viicudundaki kaslarin ve eklemlerin nasil hareket ettigini
ve yanlis durusa nasil tepki verdigini 6grendikce, istenilen gorevleri yerine getirmek icin daha rahat ve
saglikli bir yol saglamak i¢in her tiirden liriin gelistirilmektedir. Bir sandalyede otururken viicudunun
dogru destege ve rahathiga ihtiyaci vardir[23].Uzun siire yanlis sandalyede oturmak bel agrilarina neden
olabilir veya mevcut bir sirt veya boyun problemini kétiilestirebilir. Bu siirlamalarin bir sonucu olarak,
oturma sirt, boyun, omuzlar, kollar ve bacaklarda stresi artiran statik bir durusa neden olabilir
[24,25].Yanlis sandalye sirt kaslarina ve omurga disklerine biiyiik miktarda baski uygulayabilir [23].Bu
nedenle herkesin dogru oturma elemanlarinisegerken dikkate almasi gereken pek ¢ok faktor vardir.

Herkesin konfor kriterlerinin farkli olmasindan dolayi, ev veya ofis i¢in sandalye se¢gmek zor bir
faaliyettir. Ofis oturma materyallerinin temel islevi oturmada bireyin konforunu ve saglikli oturma
pozisyonunu saglamak olsa da cekici olmasi da gerekir. Bu, bir tasarimcinin tasarim siirecinde hedef
grubun tercihlerine ve zihinsel algilarina hakim olmasi gerektigi anlamina gelir, boylece iiriin stili hedef
grup tarafindan beklenen oOzellikleri ve duygulari sunabilir.Degisen tiiketici aligkanliklari ve yasam
ortamlari ile birlikte, bir kullanicinin bir tiriinii kabul etmesi, iirtiniin islevlerine ve goriiniimiine ek olarak
rahatlik ve benzersizlik duygusundan etkilenir. Kullanicilar yavas yavas tasarim zevkini ve iiriin
goriiniimiinii vurgulamaktadir. Tasarimcilarin tiretim kalitesini artirmanin yani sira, farkli kullanicilarin
tercihlerine gore sekillendirme estetigine sahip yeni ofis koltuklari yaratmalar1 gerekiyor [26].

Bu calismada, ofis ortamlarinda ¢alisanlarin, kullandiklar1 oturma elemanlar1 hakkinda goriislerini ortaya
koyarak, bundan sonraki oturma elemani tasarimlarinda tasarimcilara fikir olusturmasi hedeflenmistir. Bu
amagla arastirmada, ofis calisanlarinin kullandiklar1 oturma elemant ile ilgili tercihleri, oncelikleri ve
kullandiklar1 oturma elemanlarindan kaynaklanan rahatsizliklarinin belirlenmesinecalisilmistir. Caligmada
yalnizca oturma elemanimin secilmesinin nedeni; ergonomik faktorlerin ve kullanici merkezli tasarimin
detayl1 olarak degerlendirildigi tiriin olmasindan kaynaklanmaktadir.

2. YONTEM (METHOD)
2.1. Soru Formu Tasarimi(Question Form Design)

Ofis ¢aliganlarinin kullandiklar1 oturma eleman ile ilgili tercihleri, oncelikleri ve kullandiklar1 oturma
elemanlarindan kaynaklanan rahatsizliklarin1 belirlemek amaciyla mevcut literatiirkullanilarak ve
yazarlarin 6nceki arastirma sonuglarina dayanarak bir soru formu gelistirilmistir [27,28]. Soru formu iki
boliimden olugmaktadir. Birinci bdliimde caliganlara iligkin demografik bilgiler ve mevcut oturma
elemanina iligkin bilgiler; ikinci boliimde mobilya satin alma ve kullanmaya iligkin 6zellikler, ofis oturma
elemanlarinin yiizeyinde istenen oOzellikler ve ofis oturma elemanlariyla ilgili olarak karsilasilan
sorunlarla ilgili sorulardan olusuyordu.Bireye iliskin dzellikler, mobilya 6zelliklerinin yordayicilari olarak
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kullanilmigtir. Mobilya satin alma ve kullanmaya iligkin 6zellikler kalite, fiyat, kullanilan malzeme,
dayaniklilik, diger mobilyalarla uyumluluk, fonksiyonellik, gorsel tasarim, ergonomi, giivenlik, marka,
renk ve ekonomiklik tercihlerinde arastirilmistir. Ofis oturma elemanlarinin yiizeyinde istenen 6zellikler 8
climleye verilen “evet” ve “hayir” bi¢imindeki yanitlardan olusmaktadir. Ofis oturma elemanlari ile
karsilagilan sorunlar 12 6zellik {izerinden incelenmistir. Uygulamada karsilasilabilecek zor veya kafa
karistirict sorulardan kaginmak igin soru formu 6nceden test edilerek gerekli revizyonlar yapildi.

2.2. Ornekleme ve Veri Toplama(Sampling and Data Collection)

Aragtirma, iglerini ¢ogunlukla oturarak yapan ofis ¢alisanlar {izerinde yiiriitiilmiistiir. Bu amagla; iic
farkli kentte (Denizli, Izmir ve Hatay) galismaya katilmay: kabul eden farkli meslek gruplarinda 192 ofis
calisani ile sorgulama teknigi kullanilarak Haziran — Eyliil 2019 tarihleri arasinda yiiz ylize goriisme
yapilmustir. Arastiricilar tarafindan gelistirilen soru formu uygulamasinda Pamukkale Universitesi Denizli
Teknik Bilimler Meslek Yiiksekokulu 6grencilerinden her kent icin ii¢ kisi olmak iizere dokuz 6grenciden
destek alinmistir. Belirlenen ii¢ kent bolge, kent kiiltiirii ve yasami bakimindan farkls; iklim, demografik
yapt ve sanayi kentleri olmasi bakimindan benzerlik gdsterdigi icin tercih edilmistir. Bu sekilde
aragtirmaya katilan ofis calisanlarinin verdikleri cevaplarin daha gergek¢i ve Tiirkiye geneline yonelik
daha dogru sonuglar ¢ikaracagi disiiniilmiistir. Bu c¢alismanin odak noktasi, ofis ¢alisanlarmin
demografik ozellikleri ile mevcut oturma elemanlarinin ozellikleri ve oturma elemanlarindan
beklentileriarasindaki iliskiyi belirlemekti. Test edilecek iki hipotez olusturduk:

HI: Ofis ¢alisanlari i¢in oturma elemaninin islevive konforu estetikten daha 6nemlidir.
H2: Ofis mobilyalarinin satin alinmasinda cinsiyet ve beden 6zellikleri belirleyici faktordiir.

Ortaya konan hipotezlere gore, ankette sorulan sorular ve Ornek oturma elemant modelleri
olusturulmustur.Aragtirmada ¢alisanlarin kullandiklar1 oturma elemanlar1 hakkinda bilgi almak i¢in onlara
7’si tekerlekli-hareketli, 5’i tekerleksiz-sabit olmak tizere 12 farkli oturma elemani modeli gosterildi
(A’dan L’ye) ve kullandiklari modele yakin olanini belirtmeleri istendi (Sekil 2). Oturma elemanlart
tekerlekli-hareketli (1) ve tekerleksiz-sabit (2) olarak iki grupta ele alindi. Bu sandalyelerden A-G
arasinda olanlar 1G grubunu, H-L arasinda olanlar 2G grubunu olusturdu.

25

1G (B) 1G (C) 1G (D)
¢ b 2
T
AT T
1G (E) 1G(F) 1G (G) 2G (H)
-

2G (I 2G (J) 2G (K) 2G (L)
*1G: Tekerlekli-Hareketli, 2G: Tekerleksiz-Sabit

Sekil 2. Kullanicilarin calisma ortaminda kullandiklar: oturma elemanlari
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2.3. Veri Analizi(Data Analysis)

Istatistiksel degerlendirmeler 1G ve 2G siniflamasina ve oturma elemanindan kaynaklanan rahatsizlik
durumuna ve bireyin cinsiyet, yas grubu, egitim diizeyi ve meslek grubu degiskenleri dikkate alinarak
yapildi. Oturma elemaninin kalite, fiyat, kullanilan malzeme, dayaniklilik, diger mobilyalarla uyumluluk,
fonksiyonellik, gorsel tasarim, ergonomi, giivenlik, marka, renk ve ekonomiklik faktorleri, tiiketiciler
tarafindan bir satin alma kararinin nasil alindigi arastirmaya dahil edildi ve 6nemlilik sirasina gore - en
onemli ve en onemsiz ii¢ Ozellik - derecelendirmeleri istendi. Veriler, istatistiksel yazilim SPSS 18
kullanilarak analiz edildi. Nitel veriler (demografik ozellikler), frekans farkliliklarinin Onemini
degerlendirmek i¢in Pearson'in khi kare bagimsizlik testi (bir a = 0.05 anlamlilik diizeyinde) kullanilarak
islendi.

Arastirmadan elde edilen sonuglarin, ofis mobilyalar1 iiretimi yapan isletmeler i¢in oturma elemanlarinin
tasariminda yararli olabilecegi ve bu konuda veri tabani olusturabilecegi diistinlilmektedir.

3. BULGULAR VE TARTISMA (FINDINGS AND DISCUSSION)
3.1. Ofis Cahsanlarina iliskin Genel Bilgiler (General Information on Office Workers)

Ofis galisanlarinin kullandiklari oturma elemanina doniik tercihleri, dncelikleri ve kullandiklar1 oturma
elemanlarindan kaynaklanan rahatsizliklarini belirlemek amaciyla yapilan bu arastirmaya Izmir (% 26),
Denizli (% 51,6) ve Hatay (% 22,4) illerinden 70’1 kadin, 122’si erkek olmak tizere farkli mesleklerden
toplam 192 caligan alinmistir. Calisanlarin % 24’1 18-25 yas, % 39,1°1 26-35 yas, % 25,0°1 36-45 yas ve
% 12’si 46+ yas grubundan olusmaktadir. Bunlarin % 7,3’1 ilkdgretim, % 31,81 lise, % 47,4’ lisans ve
% 13,5’1 lisansuistii egitim gormiistiir. Yaridan ¢ogu idari personel veya yonetici (% 57.3) olup giin boyu
oturma elemani kullanmaktadir (Tablo 1). Ofis ¢alisanlarinin % 28.6’s1 oturma materyalinden
kaynaklanan bedensel sorunlar yasamaktadir. Oturma elemanindan kaynaklanan bedensel sorunlar kamu
ve 0zel sektor calisanlarinda, 6zellikle yonetim kadrosundaki bireylerde daha yiiksektir. Boy uzunlugu
ortalamanin iizerinde (170+ cm) olanlarda (% 74.6) ve beden agirhigi 70 kg iizerindeki bireylerde
rahatsizliklarin daha yiiksek oldugu (% 60.0) goriilmektedir. Oturma materyalinden kaynaklanan
rahatsizliklar erkeklerde (% 74.5) kadinlardan (% 25.5) daha yiiksektir (F= 4,029 p <,031). Karsilagilan
rahatsizliklar arasinda bel agrisi, boyun agrisi, sirt agrisi,omuz ve ist kol agrisi en fazla karsilasilan
rahatsizliklar arasindadir. Yine konum degistirmeye olanak vermeyen oturma elemanlari ve uzun siire
sabit oturmaktan kaynaklanan basen bolgesi ve uyluk bolgesi rahatsizliklar1 da bunlar izlemektedir.

Tablo 1. Arastirmaya katilan kullanicilara iligkin bilgiler

Kullamea Bilgileri Say1 %
Kamu kurulusu 28 14,6
Ozel sektor 116 60,4
Caligsma yeri Universite 28 14,6
Ogrenci 20 10,4
Y Onetici 49 25,5
Idari personel 61 31,8
isyerindeki konumu Satig danismani 35 18,2
Akademik personel 29 15,1
Diger 18 9,4
Kullanilan oturma Tekerlekli-hareketli (G1) 175 91,1

elemani Tekerleksiz-sabit (G2) 17 8,9




164 Velittin KALINKARA, Kadir OZKAYA, Taner DIZEL / GU J Sci, Part C, 9(2):158-170 (2021)

3.2. Oturma Elemanlarina iliskin Bilgiler (Information on Seating Elements)

Calisanlarin kullandiklar1 oturma elemanlar1 hakkinda bilgi almak i¢in kendilerine iki grupta ele alinan
(1G ve 2G) 12 farkli oturma elemant modeli gosterilmis ve kullandiklart modele yakin olan1 belirtmeleri
istenmistir.

Sekil 2’den anlagilacagi gibi 1G grubuna dahil edilen modellerden en fazla kullanilani ikinci ve dordiincii
sirada verilen B ve D’dir. Buna karsilik 2G grubuna dahil edilenler birbirine daha yakin degerlerdedir ve
oran olarak da diisiiktiir. Toplamda oturma elemanlarmin % 91.1°i 1G grubunda yer almaktadir ve
tekerleklidir. Buna karsilik 2G grubundayer alan sabit oturma elemanlarinin oran1 % 8.9’dur (Tablo 1).
Bu oturma elemanlarindan en ¢ok kullanilan, kumas kaplanmig / plastik kolgakli / bel desteksiz /
hareketli-5 tekerlekli / yiiksekligi ayarlanabilir 6zelliklere sahip oturma eleman1 (% 30,2) ve deri kaplama
malzemeli / deri kolgakli / bel destekli / hareketli-5 tekerlekli / yiiksekligi ayarlanabilir 6zelliklere sahip
oturma elemanidir (% 28,1). Buna gore son yillarda oturma elemani olarak tercih hareketli, yiiksekligi
ayarlanabilir, kolgakli, kaplamali ve bel destegi olan materyaller yoniindedir.

3.3. Mevcut Oturma Elemanlarina iliskin Gériisler (Opinions on Available Seating Elements)

Aragtirmaya alinan ofis ¢alisanlarinin kullandiklari oturma elemanlarindan duyduklari memnuniyet ve
rahatsizlik durumu istatistiksel olarak irdelenmis ve Tablo 2’de verilmistir. Oturma elemani 6zelliklerine
iligkin olarak memnuniyet, yiiksekligin ayarlanabilme durumu, ylizeyin dokusu, arkaligin ayarlanabilme
durumu, oturma yilizeyinin sabit / hareketli olma durumu, oturma ylizeyinden kaynaklanan rahatsizliklar
bu boliimde ele alinmistir. Bunlardan istatistiksel olarak anlamli olan memnuniyet ve rahatsizlik Tablo
2’de verilmistir.

Tablo 2. Kullanicilarin ofislerde kullandikiar: oturma elemanlari modellerinden memnuniyet ve
rahatsizlik diizeyleri

Oturma elemanm modeli

Oturma elemam ozellikleri 1G(n=175) 2G(n=17) e
N % N %

Oturma elemanindan ~ Olumlu 137 8,3 9 529 5 463%
memnuniyet Olumsuz 38 21,7 8 47,1 ’
Yiikseklik Evet 161 92,0 7 41.2 36.503%*
ayarlanabilir mi? Hayir 14 8,0 10 58.8 ’
Yiizey yumusak Evet 140 800 11 64,7 ) 158
dokulu mu? Hayir 35 20,0 6 35,3 '
Arkalik ayarlanabilir Evet 123 703 4 235 15.127**
mi? Hay1r 52 29,7 13 76,5 ’
Oturma yiizeyi sabit ~ EVet 115 657 14 82,4 Lode
mi? Hayir 60 34,3 3 17,6 '
Oturma elemanindan ~ EVet 46 26,3 9 52,9 5 386*
rahatsizlik duyma Hayir 129 73,7 8 471 ’

* p<0,05** p<0,01

Tablo 2’ye gore; ofis ¢alisanlarinin kullandiklar1 oturma elemanlarindan memnuniyetleri arasindaki fark
istatistiksel olarak anlamli bulunmustur (p<0,05). Hareketli oturma elemanlarindan duyulan memnuniyet
sabit olanlara gore daha yiiksektir. Benzer sekilde oturma elemanlarindan duyulan rahatsizlik diizeyleri
arasindaki fark da istatistiksel olarak anlamlidir. Buna gore; tekerlekli-hareketli oturma
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elemanlarinikullanan ¢aliganlarin kullandiklart modelden memnun olduklart (% 78,3) ve gogunlugun (%
73,7) rahatsizlik duymadiklar1 goriilmistiir. Ancak tekerleksiz-sabit oturma elemani kullanan ¢alisanlarin
kullandiklar1 oturma elemanlarinin modelinden memnuniyet (% 52,9) ve memnuniyetsizlikleri (% 47,1)
birbirine yakin degerlerdedir.

2G smift oturma materyallerinde oturanlarda (% 52,9) bedensel rahatsizliklar, 1G’den (% 26.3) daha
yiiksektir (F=5,386 p<,024). Yiiksekligi ayarlanabilir olanlarda karsilasilan rahatsizlik (% 25.0 / % 54.2)
daha diisiiktiir (F=8,740 p< ,004). Sert dokulu yiizeylerde karsilagilan rahatsizliklar da daha yiiksektir
(F=4,190 p< ,034). Arkaligin ayarlanabilir oldugu durumlarda (% 23.6) bedensel rahatsizliklar
ayarlanamayanlarda oturanlara (% 38.5) gore daha dusiiktiir. Yiizeyin her iki gruptaki oturma
elemanlarinda sabit olmast durumunda bedensel rahatsizliklar degismemektedir (p> 0,05).

Ofis galisanlariin oturma elemanlarinda karsilagtigi baglica sorunlar Tablo 3’de verilmistir. Tablo 3’de
goriildiigli gibi ofis caliganlarinin oturma elemanlarinda en ¢ok karsilagtiklar1 sorunlarin basinda oturma
eleman: tekerleklerinin islevini kaybetmesi (% 71,4) gelmektedir. Bunu sirasiyla doseme siingerinin
¢Okmesi / Ozelligini kaybetmesi (% 64,1) ve kullanim sirasinda istenmeyen sesler gikarmasi (% 62,0)
izlemektedir. Bu sonu¢ kullanicinin estetik goriiniimden ¢ok kullanim konforunu bozan sorunlara daha
cok onem verdiklerini gostermektedir.

Tablo 3. Ofis oturma elemanlarinda kullanicilarin karsilastigi sorunlar (n=192)

Sorunlar Say1 %

Tekerleklerin iglevini kaybetmesi / kirilmasi 137 71,4
Doseme siingerinin ¢okmesi / 6zelligini kaybetmesi 123 64,1
Kullanim sirasinda istenmeyen sesler ¢ikarmasi 119 62,0
Kumas yipranmast 107 55,7
Hareket mekanizmalarinin bozulmasi (6ne-arkaya/asagi-yukari) 103 53,6
Kolcaklarin 6zelligini kaybederek saga-sola sallanmasi 86 44,8
Mobilyanin ek yerlerinde agilma / kirilma 84 43,8
Boya/vernikte solma-dokiilme olmasi 79 41,1
Metal parcalarla ilgili sorunlar 7 40,1
Kumasin dikis yerlerinin agilmast 76 39,6
Dengesizlik nedeniyle diismeye neden olmasi 60 31,3
Kolgagin yiiksek/algak olmast 59 30,7

Dengesizlik nedeniyle diigmeye neden olmasi ve kolgak yiiksekliginin uygun olmamasi gibi ergonomik
sorunlar ise daha az 6nemli sorunlar arasinda yer almaktadir. Ergonomi benim i¢in dnemli diyenlerin %
31,9’u oturma elemaninin dengesizlik nedeniyle diismeye neden olmasindan, % 31,3’ de kolcagin
yiiksekliginden sikayet etmektedir. Bu sonuglara gére diger kullanicilarin oturma elemaninin ergonomik
6zelliklerinden memnun olduklari sdylenebilir.
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Tablo 4. Ofis oturma elemani satin alirken dikkat edilen dzellikler

. En onemli En onemsiz
Ogzellikler
Say1 % Say1 %

Kalite 157 (1) 81,8 10 5,2
Dayaniklilik 122 (2) 63,5 14 7,3
Ergonomi 102 (3) 53,1 19 9,9
Kullanilan malzeme 92 479 23 12,0
Fiyat 91 47,4 59 30,7
Fonksiyonellik (islevsellik) 86 44,8 30 15,6
Gorsel tasarim 70 36,5 54 28,1
Giivenlik 68 35,4 32 16,7
Ekonomiklik 62 32,3 47 24,5
Diger mobilyalarla uyumluluk 60 31,3 62 (3) 32,3
Renk 50 26,0 93 (2) 48,4
Marka 35 18,2 105 (1) 54,7

Katilimcilardan oturma elemanlari ile ilgili en 6nemli ve en 6nemsiz liger 6zelligi siralamalari istenmistir.
Tablo 4’den de anlasilacagi gibi ofis ¢alisanlarinin oturma elemani satin alirken dikkat ettikleri en 6nemli
ozellikler kalite (% 81,8), dayaniklilik (% 63,5) ve ergonomidir (% 53,1). Buna karsilik marka (% 54,7),
renk (% 48,4) ve diger mobilyalarla uyumluluk (% 32,3)ise en az dikkat edilen 6zellikler arasinda yer
almaktadir. Ofis caliganlarinin oturma elemani tercihinde gorsel ozelliklerden ¢ok islevsel ozellikleri
tercih etmesi, oturma elemani tasariminda bu ozelliklerin dikkate alinmasi gerektigini gostermektedir.
Ayrica birgok iiriin grubunda fiyat onemli bir 6zellik olmasina karsin oturma elemaninda orta siralarda

yer almaktadir.

Oturma elemanlarindan istenen kullanim &zelliklerinin ofis ¢alisanlarinin demografik 6zelliklerine gore

degerlendirilmesi Tablo 5’te verilmistir.

Tablo 5. Ofis oturma elemanindan istenen kullanum ozellikleri ve bagimsiz degiskenlerin etkisi (y?)

Istenen mobilya &zellikleri Cinsivet Yas Egitim Meslek
y Grubu Diizeyi Grubu

Sert siinger kullanilmali 7,011** 16,710** 2,364 1,198

Yumusak siinger kullanilmali 4,096* 16.184** 1,361 2,803

Kullanilan ddseme (kilif) 0,200 1,093 1,405 3,307

degistirilebilmeli

Kulla_mlla{l d0§eme sabit, malzeme 1,053 5,103 3,760 2,307

istenilen ozellikte olmali

Sabit bir eksen etrafinda ¢ok az gii¢

harcanarak kullanilabilmeli 0,290 4,028 3,922 3,766

Yer duzlgrm 1le. yaptig1 agt 0,005 0,392 5,374 2,624

ayarlanabilmeli

Genigslik ayarlanabilmeli 0,041 0,927 3,460 9,426*

Derinlik ayarlanabilmeli 0,160 2,944 8,148* 10,372*
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* p<0,05, ™ p<0,01

Tablo 5’e gore; oturma fontunda sert siinger kullanilmali diyenler cinsiyet (p<<0,01) ve yas grubuna goére
farklilik gostermektedir (p<0,01). Yapilan ¢alismalarda rahat oturma i¢in yumusak yiizeyler onerilmesine
karsin bu caligmada sert ylizey istenen bir Ozelliktir. Erkekler oturma elemani yiizeyinde sert siinger
kullanilmasini istemektedirler. Benzer sekilde yas ilerledikce sert ylizey isteyenlerin orani artmakta, bu
artis 46 ve daha ileri yastaki bireylerde digerlerine gore biiyiik artis gdstermektedir. Oturma elemant
yiizeyinde yumusak siinger isteyenler ise daha ¢ok 18-25 yas grubundadir.

Oturma elemani“genisligi ayarlanabilmeli” diyenler meslek grubuna gore farklilik gostermektedir
(p<0,05). Giinlin 6énemli boliimiinii oturarak geciren akademisyenler ve Ogrenciler oturma genisliginin
ayarlanmasindan yana goriis bildirmislerdir. Buna karsilik 6zel sektor calisanlarinda ve memurlarda bu
oran olduk¢a diisik bulunmustur. “Derinlik ayarlanabilmeli” diyenler ise egitim diizeyi ve meslek
grubuna gore farklilik gostermektedir (p<0,05). Derinlik ayarlanabilmeli diyenler egitim diizeyi
yiikseldikce artmakta, bu lisans ve lisansiistii egitim alanlarda en yiiksek olmaktadir. Derinlik
ayarlanabilmeli diyenler akademisyenlerde en yiiksek olup bu oran % 89.3 olarak belirlenmistir.

Bu sonuglara gore; oturma eleman 6zellikleri ile bagimsiz degisken olan cinsiyet, yas grubu, egitim
diizeyi ve meslek arasinda anlamli bir iliski oldugu, ancak bunun tiim oturma elemani &zelliklerini
icermedigi anlagilmaktadir.

5. SONUC (CONCLUSION)

Ofis ortaminda oturarak calisanlarin kullandiklari oturma elemaninda karsilastiklar: rahatsizliklar ve bir
oturma elemanindan beklentilerini belirlemek amaciyla yapilan bu calismada ofis c¢alisanlarinin
kullandiklar1 oturma elemanindan memnuniyet diizeylerinin yiiksek oldugu anlagilmaktadir. Oturma
elemanindan beklentilerde kullanim 6zellikleri (islevsellik) gorsel ozelliklerden daha onemlidir. Buna
gore, ofis oturma elemani tasariminda estetik 6zelliklerden once konfor ve islevsellige dayali 6zelliklerin
dikkate alinmasi gerektigi ortaya ¢ikmaktadir.

Yapilan ¢aligmalarda ofis oturma elemani tasariminda oturma yerinin, bel boslugunun, kollarin ve
yiiksekligin insan viicudunun boyutsal (antropometrik) Olciileri ile uyum saglamasinin énemli oldugu
belirtilmektedir [21]. Bu c¢alismada da yiiksekligi ve derinligi ayarlanabilen / tekerlekli-hareketli
modelleri kullanan ofis ¢aliganlarinin oturma elemanlar1 ile ilgili sorun yasamadiklar1 goriilmistir. Bu
nedenle ergonomik olarak islevsel olmayan oturma elemanlar1 degistirilerek, insan viicuduna uyan,
verimlilik ve konforu artiran bir ¢aligma ortami saglanabilir. Chandwani vd. (2019) tarafindan ofis
¢alisanlari tizerinde yapilan ¢alisma katilimcilarin % 80'inin isyerinde en az bir kas-iskelet sistemi sorunu
yasadigimi ortaya koymustur. Arastirmaya katilanlarm c¢ogunlugu bel agrisi, ardindan sirasiyla boyun
agrisi, Ust sirt agrist ve omuz agrist oldugunu bildirmistir. Bu sonuglar arastirma bulgularmi destekler
niteliktedir [29]. Ofis calisanlari tizerinde yapilan benzer bir ¢alismada, bilgisayar ¢alismasi sirasinda bas
pozisyonu ve boyun agrist arasinda onemli bir iligski bildirilmistir[30].Baska bir ¢alismada da benzer
bulgular bildirilmistir; boyun, sirt, omuz ve kol agrist gibi kas-iskelet sistemi sorunlar1 6nemliydi[31,32].
Literatiir ayrica bilgisayar kullanim siiresi ile {ist ekstremite agrisi, sirt agrist ve géz yorgunlugu arasinda
bir iligki oldugunu ortaya koymaktadir. Bu durum Yildinm ve Akalin (2007)’in yaptigi arastirma
sonuglariyla da benzerlik gostermektedir [33].

Kullanic1 odakli mobilya tasarimi yaparken yas, cinsiyet ve meslek kriterlerini dikkate almak
gerekmektedir. Ofis ortamu i¢in mobilya tasarimi yapilirken kullanicinin 6zelliklerinin 6nemli oldugu ve
goriislerinin alinmasinin  gerekliligi El-Zeiny (2012) ve Cagatay vd. (2017) tarafindan yapilan
caligmalarda daortaya konmustur[34,35].

Mobilya satin alma ile ilgili pek ¢ok calismada da fiyat en 6nemli faktordiir, bunu giizellik ve estetik
duygusu izlemektedir. Mobilya ile g¢alismalarda da tiiketicilerin mobilya se¢iminde bu U¢ faktor
siralamada en istte yer almistir [36]. Kullanicilar igin ofis sandalyesi, hem estetik kaygi, hem de
islevsellik agisindan 6nemlidir. Kullanici tatmini de, en az {iriiniin islevi kadar 6nemlidir. Cogu zaman,
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kullanict memnuniyeti bir {irlinlin hem goriinimii hem de islevselligi ile yakindan ilgili olmaktadir
[1,37,38].

Ofis ortamlarinda uzun stireli oturma ve bilgisayar kullanimi temel calisma bigimidir. Bu nedenle ofisler
bu iki eylemi merkeze alarak ergonomik olarak tasarlanmalidir. Bu mekanlarda ergonomi standartlari,
yonergeleri ve onerileri giinimiizde kolayca ulasilabilmesine ragmen zorunlu bir 6n kosul degildir [39].
Ancak son yillarda ¢aligsanlarin sagligina olumsuz etkilerin ortaya kondugu arastirmalar gosteriyor ki ilgili
standart ve yonetmeliklerin acil revizyonu ve degistirilmesi son derece dnemlidir.

Tiirkiye‘de ofis oturma elemani konusundaki teknik arastirma ve c¢oziimler, kullanici 6zelinde
olmamaktadir [21]. Bu calisma genel degerlendirmeyi amaglayan pilot caligma niteligi tagimaktadir.
Analizler sonucunda belirlenen unsurlarin daha sonraki ¢aligmalar i¢in bir yontem ve farkli bir bakis agis1
kazandiracag: diistiniilmektedir.
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Figure A. Client and web service infrastructure of the proposed system

Purpose: In the backend, web services have been developed with the Representational State
Transfer (REST) approach [2]. With the help of the developed web services, more than one fuel
station and more than one user can perform transactions simultaneously. Through the developed
web interface, fuel stations can save their services and fuel prices to the system. Consumers, on
the other hand, can instantly monitor the services offered by fuel stations and fuel prices via the
developed web interface or mobile application.

Theory and Methods: The proposed system requires the use of different technologies together.
For this reason, the materials and methods used in the development of the proposed system are
explained in detail under different headings. Web services, interface development library, non-
relational database, location and mapping services are explained in detail.

Results: The basis of the proposed system is the web service structure. The developed web
services are based on REST. The web interface is developed using AngularJS and HTML. A
mobile application has been developed for users to access this system more easily and to benefit
from the possibilities of mobile systems. The developed mobile application provides access to
REST web services with its internet infrastructure, and web services to the database when
necessary. JSON data format is preferred as a data structure. Thus, more efficient and faster data
communication is provided.

Conclusion: In the usage tests of the developed system, it has been seen that the web services
provide smooth service on mobile and web platforms. Thanks to the platform-independent
operation of the system, it has been ensured that it can be integrated into different applications.
The security of the web services is provided by using Spring security components by preferring
the Spring Boot framework. With the proposed system, not only a system that will serve gas
stations but also an architectural structure that will be used in different areas of use has been
presented.
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Although Turkey is close to countries with rich oil deposits, it is among the countries that use
expensive fuel oil. This situation forces consumers to save on fuel expenditures. On the other
hand, the high number of fuel stations and the variety of fuel products cause fuel stations to
offer different services and prices in a competitive environment. This change in the services and
prices offered affects the preferences of the consumers of the fuel stations. However, consumers
should have more detailed information about fuel stations. In this study, an application model is
proposed to provide communication and interaction between fuel stations and fuel consumers.
For this purpose fuel prices and service information provided by the stations were sent to
servers in the cloud using a representative state transfer approach. Then this information on
cloud servers has been presented to consumers through developed web service, web interface
and mobile application. In this way, services and fuel prices provided by fuel stations were
monitored via web browsers and smartphones. On account of the proposed application model,
the stations that are closest to the consumer, where they can find the service they want, and that
offer the lowest fuel price, can be easily identified.

Temsili Durum Transferi Yaklasim ile Akaryakit istasyonu ve
Tiiketicileri Uzerine Uygulama Gelistirme

Oz

Tiirkiye zengin petrol yataklarma sahip iilkelere yakin olmasina ragmen pahali akaryakit
kullanan iilkeler arasinda yer almaktadir. Bu durum tiiketicileri yakit harcamalarinda tasarruf
etmeye zorlamaktadir. Ote yandan akaryakit istasyonlarmin ¢oklugu ve akaryakit {iriinlerinin
cesitliligi, akaryakit istasyonlarinin rekabet ortaminda farkli hizmet ve fiyatlar sunmasina neden
olmaktadir. Sunulan hizmet ve fiyatlardaki bu degisiklik tiiketicilerin akaryakit istasyonlar
tercihlerini etkilemektedir. Ancak tiiketicilerin akaryakit istasyonlar1 hakkinda daha detayh
bilgiye sahip olmalar1 gerekmektedir. Bu c¢alismada, akaryakit istasyonlari ile akaryakit
tiiketicileri arasindaki iletisim ve etkilesimi saglamak igin bir uygulama modeli 6nerilmistir. Bu
amagcla istasyonlar tarafindan saglanan akaryakit fiyatlar1 ve hizmet bilgileri temsili durum
transferi yaklagimi kullanilarak buluttaki sunuculara gonderilmistir. Daha sonra bulut sunuculart
iizerindeki bu bilgiler, gelistirilen web servisi, web ara yiizii ve mobil uygulama aracilifiyla
tiiketicilere sunulmustur. Bu sayede akaryakit istasyonlarmin sundugu hizmetler ve akaryakit
fiyatlart web tarayicilar1 ve akilli telefonlar iizerinden takip edildi. Onerilen uygulama modeli
sayesinde tiiketiciye en yakin, istedigi hizmeti bulabilecegi ve en diisiik akaryakit fiyatini sunan
istasyonlar kolaylikla tespit edilebilmektedir.

1. GIRiS INTRODUCTION)

Akaryakit istasyonlarinin sagladigi hizmetlerin ve akaryakit fiyatlarmin farkli istasyonlarda degisiklik
gosterdigi bilinmektedir. Ornegin bir akaryakit istasyonu engelli tuvaleti hizmeti, ibadethane ve ¢ocuk
bakim odas1 gibi hizmetler sunarken, baska bir akaryakit istasyonu bu hizmetleri saglamayabilir.
Akaryakit istasyonlarinin sundugu hizmetlerin akaryakit tiiketicileri tarafindan bilinmesi, akaryakit
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istasyonlariin tiiketici tarafindan tercih edilmesini saglayacaktir. Ayrica akaryakit istasyonu sayist ¢ok
ve akaryakit {irlinlerinin ¢esidi fazladir. Bu nedenle daha uygun fiyatli akaryakit satis1 sunan istasyonlar
hakkinda tiiketicilerin bilgi sahibi olmalari tiiketicinin lehine olacaktir. Bunun yani sira hizmet ve uygun
fiyat avantaji saglayan akaryakit istasyonunun en yakin hangi konumda oldugunun bilinmesi de tasarruf
agisindan 6nem arz etmektedir [1].

Giuiniimiizde her sektorde tiiketiciler, satin alacaklar1 bir tiriin ve hizmet hakkinda daha oOnceki tiiketici
yorumlarimi dikkate almaktadir. Akaryakat tiiketicilerinin de tercih edecekleri istasyonlar hakkinda daha
onceki tiiketici yorumlarin1 okuyup bu yorumlara gore se¢im yapmasi beklenmektedir. Diger yandan
tiikketicinin akaryakit istasyonlar1 hakkinda yaptigi yorumlar akaryakit istasyonlarinin fiyat ve hizmet
kalitesini net olarak ortaya koyacaktir. Bu nedenle akaryakit istasyonlar: ile tiiketiciler arasindaki
iletisimi, etkilesimi ve haberlesmeyi saglayan bir sisteme ihtiya¢ duyulmaktadir.

Bu c¢alismada akaryakit istasyonlari ve akaryakit tiiketicileri arasindaki iletisimi, etkilesimi ve
haberlesmeyi saglayabilmek icin bir sistem onerilmistir. Onerilen sistem icerisinde arka plan ve 6n plan
olarak iki temel katman yer almaktadir. Arka planda Temsili Durum Transferi (REST: Representational
State Transfer) yaklasimi ile web servisler gelistirilmistir [2]. Gelistirilen web servisler yardimu ile birden
fazla akaryakit istasyonu ve birden fazla kullanicinin ayni anda islem yapabilmesi saglanmistir.
Gelistirilen web araylizii araciligiyla akaryakit istasyonlari, sunmus oldugu hizmetleri ve akaryakit
fiyatlarii sisteme kaydedebilmektedir. Tiiketiciler ise gelistirilen web arayiizii veya mobil uygulama
iizerinden akaryakit istasyonlarinin sunmus oldugu hizmetleri ve akaryakit fiyatlarin1 anlik olarak takip
edebilmektedir.

Onerilen sistem sayesinde akaryakit tiiketicileri kendilerine en yakin konumda bulunan, en iyi hizmet
alacaklar1 ve en diisiik akaryakit fiyat1 sunan istasyonlar1 kolay bir sekilde tespit edebilmektedir. Tiiketici,
her istasyonun iletisim bilgilerini akaryakit fiyatlarini, istasyonun verdigi hizmetlerin detaylarini (market,
yeme-icme, tamir-bakim, ibadethane vb.) ve istasyonun kendi konumuna olan mesafesini
gorebilmektedir. Ayn1 zamanda tiiketici se¢tigi istasyona yol tarifi alabilmekte ve istasyon hakkinda daha
once yapilmis kullanici yorumlari var ise bu yorumlar1 okuyabilmektedir. Mobil uygulama pazarindaki
benzer uygulamalardan farkli olarak gelistirilen sistem, kullanicilara harita iizerinden hizmet
verebilmektedir. Kullanicinin konumuna gore yakininda bulunan akaryakit istasyonlar1 harita {izerinde
gosterilmektedir.

Onerilen sistem birden fazla bileseninin bir arada kullamilmasi ile olusmaktadir. Harita, Kiiresel
Konumlama Sistemi (GPS: Global Positioning System), web servisler, veri tabani ve mobil uygulama
oOnerilen sistemde birlikte kullanilmigtir. Literatiir incelendiginde belirtilen farkli bilesenlerin kullanilarak
cok farkli caligmalar yapildig1 goriilmiistiir. Giinay Giiltekin 2014 yilindaki ytiksek lisans tezinde [3],
akilli telefonlarin standart bir 6zelligi olan GPS &zelligini kullanmistir. GPS sayesinde konum bilgilerini
kullanarak kullaniciya en yakin elektronik magazalari bulan bir mobil uygulama gelistirmistir. Bu
calismadaki temel amag¢ kullanicilarin gelistirilen mobil uygulamay1 kullanarak zamandan tasarruf
etmelerini saglamaktir. Ayn1 sekilde Patrick De Haan ve arkadaslarinin gelistirdigi GasBuddy uygulamasi
[4], kullanicilarin zaman tasarrufu elde edebilmesi i¢in gelistirilmis bir mobil uygulamadir. Akaryakit
istasyonlar i¢in gelistirilen ve yaklasik 60 milyon kullanicisi olan bu uygulama sadece Avusturalya,
Amerika ve Kanada'da kullanilmaktadir. Akaryakit fiyatlarimi kullanicilar giincellemektedir. Fiyat bilgisi
kullanicilar tarafindan rapor edildik¢e kullanicilar ddiillendirilmektedir. GasBuddy uygulamasina benzer
diger bir uygulama ise Wikicamps sirketinin gelistirdigi Fuel Map uygulamasidir [5]. Fuel Map
Avusturalya genelinde akaryakit istasyonlarmin ve akaryakit fiyatlarimin takip edilebildigi bir
uygulamadir. Bilgiler kullanicilar tarafindan uygulamaya eklenmektedir. Harita iizerinde gosterilen
akaryakit istasyonlar1 arasinda fiyata gore ve yakinliga gore listeleme yapilabilmektedir.

Mevcut uygulamalar incelendiginde her birinin farkli 6zellikleri oldugu ve farkli teknolojik alt yapi ile
gelistirildigi goriilmiistiir. Bu teknolojilerden biri olan web servisler, onerilen sistemin arka planinda ig
yOnetimini ve organizasyonunu yapacak temel bileseni olusturmaktadir. Literatiirde web servis
yaklagimlar1 degisik uygulamalarda farkli amag¢ ve hedefler i¢in kullanmilmistir. Ramanathan ve Korte
yaptiklar1 bir ¢caligmada web servisleri kullanarak hava durumu verilerine erigsmek i¢in yazilim servis
mimarisi gelistirmiglerdir [6]. Menghui ve arkadaslarinin yaptigi bir ¢alismada ise Javascript Nesne
Gosterimi (JSON: JavaScript Object Notation) tabanli RESTful web servisleriyle tarayici tabanli bir
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harita ¢izme uygulamasi gelistirmistir [7]. Menghui ve arkadaglari, RESTful web servislerini kullanarak
dagitilmis veri entegrasyonu igin bir ¢6ziim dnermistir. Calismada, geleneksel web hizmetleri ve RESTful
web hizmetleri hakkinda derinlemesine bir analiz yapilmistir. RESTful web hizmetlerinin dagitilmis veri
entegrasyonu i¢in daha uygun oldugunu agiklanmustir.

Literatiirdeki ¢alismalar incelendiginde benzer sistemleri gelistirmek icin bircok mimarinin Onerildigi
goriilmistiir. Ancak uygulamalar sadece kullanici odaklidir ve kullanicilarin fiyat girmesini istemektedir.
Onerilen sistemde ise akaryakit istasyonlart kendi fiyat ve hizmetlerini anhik olarak
giincelleyebilmektedir. Tiiketiciler ise bu hizmet ve fiyat degisikligi anlik olarak takip edebilmektedir.
REST web servis yaklasimi ile gelistirilen sistem, mobil veya bilgisayar gibi farkli platformlara cevap
verebilmektedir. Onerilen sistemin gelistirilmesinde REST web servisleri basit ve kolayca dlceklenebilir
oldugu igin tercih edilmistir. REST sayesinde islevsellik ve sistemin cevap verme performansi
arttirllmigtir. Bulut iizerinde JSON tabanl iliskisel olmayan bir veri tabani kullanilarak isteklere karsi
verilecek cevaplarin hizli olmasi saglanmistir. Konum servisleri kullanilarak harita iizerinde kullanici
dostu bir arayiiz gelistirilmistir. Gelistirilen arayiiz mobil uygulama, mobil ve web tarayicida sorunsuz
hizmet vermektedir. Gelistirilen sistem sayesinde akaryakit istasyonlarinin ve akaryakit tiiketicilerinin
rahatlikla kullanabilecekleri bir platform gelistirilmistir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)

Onerilen sistem fakli teknolojilerinin bir arada kullanilmasmni gerektirmektedir. Bu nedenle 6nerilen
sistemin gelistirilmesinde kullanilan materyal ve metotlar farkli basliklar altinda detayli olarak
agiklanmustir.

2.1. Web Servisler (Web Services)

Web servisler kendi iletisim protokollerini belirlemekte ve veri erisimi igin genel bir arabirim
olusturmaktadir. Bdylelikle birden fazla platformdaki istemci istenilen hizmete esit haklara sahip olarak
erisebilmektedir. Giiniimiizde web servis gelistirmek igin iki yaklagim bulunmaktadir. Bunlarin ilki Basit
Nesne Erigim Protokolii (SOAP: Simple Object Access Protocol) digeri REST web servis yaklagimudir.

Basit bir nesne erisim protokolii olarak tanimlanan SOAP, bilgisayar aglarinda yapilandirilmig verinin
aligverisinde kullanilan bir protokoldiir [8].Web Servis Tanimlama Dili (WSDL: Web Service Definition
Language), iletileri web {iizerinden erisilebilir hale getirmek i¢in SOAP ile birlikte kullanmaktadir [9].
SOAP, veri aligverisi igin kodlama kurallar1 saglamakta ve genellikle u¢ nokta prensibine gore c¢alisan
yaklasimdir. REST web servis yaklasimi ise web servisleri gelistirmek i¢in Hiper Metin Transfer
Protokoliinii (HTTP: Hypertext Transfer Protocol) kullanan bir mimaridir [10]. REST mimarisindeki
temel fikir, makineler arasinda veri transferi i¢in HTTP katmaninin istiinde calisan bir protokol
kullanmak yerine gelismis HTTP mimarisi 6zelliklerini kullanmaktir. REST arayiizi HTTP standart
islemlerini (GET, PUT, POST ve DELETE) kullanarak web servis islemlerini gerceklestirmektedir.
REST veri odakli ¢alismaktadir. Bu nedenle sunucunun yanitt JSON tabanli veri kiimesi olarak elde
edilebilmektedir. Bu durum kullanim kolaylig1 ve esneklik saglamaktadir.

Bu calismada gelistirilen sistem hem mobil uygulama hem de web arayiizii lizerinden hizmet verecektir.
Bu nedenle tercih edilecek alt yapimin her iki platformda da sorunsuz caligmasi gerekmektedir. Mobil
uygulamada tercih edilecek mimari veya protokol, biiyiik 6l¢iide is hedeflerine ve elde edilmesi gereken
ihtiyaglara baglidir. REST mimarisi basit istek-yanit prensibine dayandigindan SOAP’a gore kolay
anlasilabilir bir yapi icerisindedir. Bu basit istek-yanit yapis1 akilli cihazlar i¢in gelistirilen uygulamalarda
is hedeflerini olduk¢a kolaylastirmaktadir. Ayrica REST mimarisi herhangi bir teknolojiye bagli degildir.
REST mimarisi herhangi bir hata esnasinda REST HTTP hatalarin1 gelistiriciye bildirdigi i¢in test ve hata
takip asamasi SOAP’a gore daha kolaydir. Bu nedenle ¢alismada web servislerin REST yaklagimi ile
gelistirilmesinin daha avantajli oldugu sonucuna varilmistir.

Onerilen sistem igin gerekli olan web servisler Spring kullanilarak gelistirilmistir. Spring, Java 2
Kurumsal Siiriim (J2EE: Java 2 Enterprise Edition) belirtiminin eksikliklerini telafi etmek igin
hazirlanmig bir yapidir [11]. Spring'in ana amaci, J2EE gelistirmenin karmagikligin1 azaltmaya yardimci
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olmaktir. Temel olarak Java nesnelerini 6zellestirmek ve yonetmekle gorevlidir. Spring modiilerdir ve
bagimsiz olarak caligsabilen bagimsiz paketlere ayrilmistir. Bu durum gelistiriciler i¢in kolaylik
saglamaktadir. Ayrica, yapilandirma ve mesajlasma dosyalari kendi kurulumunda belirleyerek daha
akici bir platform olusturmaktadir.

2.2. Arayiiz Gelistirme Kiitiiphanesi (Interface Development Library)

Onerilen sistem icin gerekli olan arayiizlerin olusturulmasinda Angular]JS agik kaynak kodlu web
uygulama catis1 kullanilmistir. Angular]JS, Google tarafindan desteklenen ve gelistirilmesi devam eden
acik kaynakli Javascript yapisidir [12]. AngularJS’in amaci, yalnizca sunucu iizerinde gelistirilmis
mevcut arag ve yetenekleri web istemcisine kazandirmaktir. Bdylelikle zengin ve karmasik web
uygulamalar1 rahatlikla gelistirilmekte ve sunucu yiikii azaltilmaktadir. Angular]JS, test edilebilir ve
kolayca genisletilebilir uygulamalar olusturmaya olanak saglamaktadir. Bu nedenle onerilen sistem igin
gerekli olan araylizlerin gelistirilmesinde tercih edilmistir.

2.3. Iliskisel Olmayan Veri Tabam (Non-Relational Database)

Istasyonlardan ve kullanicilardan elde edilen ve &nerilen sistemde saklanan veriler oldukga biiyiik
boyutlara ulasabilmektedir. Biiyiik miktardaki verileri veri tabanina yazma, okuma ve analiz etme
islemlerinde bazi problemler ortaya ¢ikmaktadir. Biiylik miktardaki veriyi iliskisel veri tabanlarinda
saklamak igin iligkisel veri tabanlarinda ¢ok fazla alan ve tablo olusturmak gerekir. Tablolarin 6nceden
tanimlanmas1 gerektigi icin verinin standart hale getirilmesi isleri zorlastirmaktadir. Ayrica ¢ok fazla
tablonun olusturulmasi ¢oklu okuma ve yazma islemelerinde performansi diigtirecektir.

Gelistirilen sisteme veriler bir veya birden fazla istasyon ve kullanici {izerinden alinmaktadir. Verilerin
veri tabanindan okunmasi esnasinda birden ise birden fazla kullanici veri tabanindan farkli isteklerde
bulunabilir. Bu durumda veri tabaninin cevap verme siiresi ge¢ olursa, sistemde kilitlenmeler yasanir.
Kilitlenmeyi engelleyebilmek igin performans: yiiksek bir belge tabanli Iliskisel Olmayan Veri Tabani
(NoSQL: Not Only Structured Query Language) veri tabani tercih nedeni olmalidir. Bunun i¢in ise
MongoDB kendini kanitlamis bir sistemdir. MongoDB belge tabanli bir NoSQL veri tabanidir. MongoDB
belge veri modeli, zengin sorgu destegi, yatay Olgeklenebilirlik, yiiksek kullanilabilirlik, esneklik ve
dinamik sema gibi bircok 6zelligi sunmaktadir. MongoDB veri saklama isleminde JSON veri yapisini
kullanmaya izin vermektedir [13].

NoSQL veri taban1 kavrami, yillardir bilisim diinyasinda kullanilan iligkisel veri tabani sistemlerine
alternatif olarak ortaya c¢ikmistir. NoSQL, gilinlimiizde internet ortaminda giderek biiyiiyen verileri
depolayabilmek ve yiiksek erisilebilirligin yaninda yatay 6l¢eklenebilen sistemlere verilen genel bir isim
olarak tanimlanmaktadir. MongoDB dokiiman tabanli bir NoSQL veritabani yonetim sistemidir ve
karmasik sorgular icin destek saglamaktadir. Iliskisel veri tabanlarinda oldugu gibi verileri tablolarda
depolamak yerine, verileri JSON formatindaki dokiimanlar da depolamaktadir. NoSQL veri tabaninin
avantajlar1 veri okuma ve yazma hizi, toplu veri islemlerini desteklemesi, genisletilmesinin kolay olmasi
ve disiik maliyetli olmasidir [14]. Bu nedenle 6nerilen sistemde MongoDB NoSQL veritabani tercih
edilmistir.

2.4. Konum ve Haritalama Servisi (Location and Mapping Services)

Onerilen sistemin temel ozelliklerinden biri olan en yakin akaryakit istasyonunu bulma o6zelligini
saglayabilmek i¢in konum servislerinden yararlanmak gerekir. Android mobil isletim sistemi, gelistirilen
mobil uygulamalar i¢in kullanicinin konum bilgisini paylasan bir kiitiiphane sunmaktadir. Android isletim
sisteminde mobil cihazin konumu temel olarak ii¢ farkli yontem ile elde edilmektedir [15]. Bu yontemler
GPS, Mobil Iletisim icin Kiiresel Sistem (GSM: Global System for Mobile Communications) sebeke
sinyali ve pasif konum sistemidir.

Pasif konum sisteminde gergeklestirilen islem isletim sisteminin bellekte tuttugu eski konum bilgilerinden
yola ¢ikarak kullanicinin konumuyla ilgili bilgi edinilmesidir. Diger yontemde ise cihazda aktif bir GSM
baglantis1 var ise Android cihazin bagh bulundugu baz istasyonlarindan kullanicimin yeri tahmin
edilebilir. Burada yapilan islem baz istasyonu bilgisinin merkezi bir veri tabanma gonderilerek bu
istasyonlarin konum bilgilerinden kullanicinin yerinin tahmin edilmesidir. Belirtilen bu iki yontem anlik
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konum bilgisinin bulunmasinda baz1 kisitlar sunmaktadir. Bu nedenle GPS kullanimi yayginlagmistir.
Android igletim sistemi, herhangi bir uygulamadan konum talebi geldiginde GPS’i devreye alarak
kullanicinin  konumunu uygulamaya bildirmektedir. GPS, teknolojisi geregi kapali alanlarda
caligmamaktadir ve tam baglanti sirasinda asir1 derecede giig tiiketmektedir. Bu olumsuz durumlarina
karsin oldukca yiiksek hassasiyette konum bildirdiginden harita uygulamalarinda GPS diger yontemlere
gore daha cok tercih etmektedir. Bir uygulamanin konum bilgisi servislerinden yararlanmasi igin
AndroidManifest.xml dosyasinda bazi izinlerin alinmasi gerekmektedir.

Konum servisleri birgok mobil uygulamanin dnemli ve ayirt edici 6zelliklerinden biri olarak siklikla
kullanilmaktadir. Konum servislerinden alinan bilgilerin gorsellestirilmesi igin haritalar Servisi
kullanilmaktadir. Google, konum servisleri ile birlikte Android i¢in uygulama gelistirene kullaniciya
bulundugu yeri géstermek ya da aradigi bir konumu harita iizerinde gostermek icin Google iginde yer alan
Google Maps Android uygulama programlama arayiiziinii sunmaktadir [16]. Bu uygulama programlama
arayliziinii herhangi bir uygulamaya eklemek ve harita {izerinde istenilen iglemleri gerceklestirebilmek
icin Google iizerinden bir uygulama programlama anahtarinin elde edinilmesi gerekir. Google, s6z
konusu anahtar1 uygulamaya 6zel olusturup kullaniciya sunmaktadir.

3. UYGULAMA GELISTIRME (APPLICATION DEVELOPMENT)

Onerilen sistemin gelistirme adimlar1 iki alt gruba ayrilmistir. Bu gruplardan ilki arka planda hizmet
verecek web servis uygulamasinin gelistirilmesi ikincisi ise on planda hizmet verecek mobil uygulama ve
web arayiizlinlin gelistirilmesi olarak belirlenmistir. Web servis uygulamasi icerisinde web istemciler
gelistirilerek web arayiizii lizerinden kullanicilarin sisteme erisimi saglanmistir. Web servis uygulamasi,
web ve mobil platformlarinin etkilesimli olarak ¢aligmasini saglayan REST tabanli olarak gelistirilmistir.

3.1. Web Servis Uygulamasi (Web Service Application)

Web servis sunucusu iizerinde yer alan web servisler Spring Boot kullanilarak REST tabanh
gelistirilmistir. Sunucuya baglanmas1 gereken web istemci arayiizii igin ise Hiper Metin Isaretleme Dili
(HTML: Hypertext Markup Language) ve Angular]s tercih edilmistir. Sekil 1’de Gnerilen sistemin web
servis mimarisi ve katmanlar1 verilmistir.

ISTEMCI

Istek Verisi

Yamt Verisi
Chyperlink/form/ ( in JSON format)
cookie/binary file
Y ]
Bulut Sunucu Kaynak Metot
REST Web Servis Kaynaklar @path( “/*resource URI*/" )

@GET/POST/PUT/DELETE

Resource Class Resource Class Resource Class @Produces( “application/json” )

L . public Foo myservice(/*request data*/){ ‘
Resource Mf:hcd‘ /*resource implementation details*/

}

Resource Method Resource Method

Resource Method Resource Method

Resource Mathod Resource Method

’ VERI TABANI ISTEKLERI ‘

’ VERI TABANI ‘

Sekil 1. Onerilen sistemin web servis mimarisi ve katmanlart

Sekil 1°de web servis mimarisi ve kaynak metotlar gosterilmistir. Web servis sunucusu kendisine gelen is
isteklerini Spring’e, Spring ise gelen istegin tiirline gore islemleri gerceklestirmekte ve kullaniciya yanit
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vermektedir. Kullanici isteklerinde veri tabam islemi gerekiyorsa veri tabanina ulasip gerekli bilgiyi
nesne halinde yanitlama gorevi de Spring’e verilmistir. Kullaniciya yanitlar JSON formatinda
gonderilmistir. Onerilen sistem icin gelistirilen uygulamanin istemci ile etkilesimi gosteren alt yap1 sekil
2’de gosterilmistir.

BULUT SUNUCU
Web Servisler Veri Tabam islemleri
HTMLS .
Angular J$ HTTRISON << Service >>
Boot Strap UserService
<< Interface >>
<< Controller >> BayiRepository MongoDB
BayiController
MobileController
Mobil HTTRJSON Spring Data
Android << Config >>
SecurityConfig

Sekil 2. Onerilen sistemin istemci ve web servis alt yapisi

Sekil 2’deki yapida belirtilen bilesenler referans alinarak web servis uygulamasinin kodlama islemleri
gergeklestirilmistir. Sunucu, Model — Goriiniim - Denetleyici kalibiyla kodlama islemi
gerceklestirilmistir. Onerilen sistem igin gelistirilen uygulamada temel olarak iki yapilandirma
bulunmaktadir. Bu yapilandirmalar giivenlik ve veri tabani erisim yapilandirmalaridir. Bu yapilandirmalar
icin web servis sunucusuna yapilacak isteklerin hangi parametreleri tasiyip tasimayacagi, yapilan istek
sonucunda cevapta taginan nesnenin belirlenmesi ve yapilan istegin HTTP metodunun belirlenmesi
gerekir. Ornek olarak @RequestMapping ile bir web servis baglantisi olusturuldugunda web servis
baglantisinin igerisinde bir adrsin tanimlanmasi gerekir. (@RequestMapping anotasyounun ic¢inde
“/bayiayrintikayi” adresi tanimlanmigtir. Web servis metodu ise POST olarak belirlenmistir. Cevap olarak
gonderilecek “return” degerinin ise JSON tipinde olmasi gerektigi belirtilmistir. Gelen istek gévdesinde
parametreler bulunmaktadir. Sunucuda bulunan web servisler istasyon girisi, istasyon kaydi, istasyon
ayrintilar olusturma, istasyon ayrintilari listeleme, kullanici yorum ekleme, kullanici yorum listeleme ve
istasyon ayarlari olarak belirlenmistir.

3.2. Mobil Uygulamanmin Gelistirilmesi (Development of Mobile Application)

Gelistirilen mobil uygulamanin gelistirilmesinden 6nce fonksiyonel ihtiyaglar analiz edilmistir. Bu
ihtiyaglar yakindaki istasyonlar1 bulma, yakindaki istasyonlar1 listeleme ve siralama, konuma gore
istasyon bulma, secilen mesafeye gore istasyon bulma, istasyonlarin akaryakit fiyatlarini 6grenme ve
istasyonlarin hizmetlerini 6grenme olarak belirlenmistir.

Belirtilen fonksiyonel ihtiyaglara gore gelistirilen mobil uygulama Android Studio kullanilarak
gelistirilmistir [17]. Gelistirilen uygulamada kullanicilar web servis sunucusuna isteklerde bulunmaktadir.
Web servisler kendisine gelen istekleri degerlendirmekte ve yapilan istege uygun cevabi hazirlayarak
mobil uygulamaya géndermektedir. Kullanicinin mobil uygulama {izerinden gergeklestirdigi isteklerde ve
isteklere verilen cevaplarda kullanict — mobil uygulama — sunucu arasinda ¢ift yonlii bir iletisim yapisi
kullanilmustir.

4. TEST ISLEMLERI (TEST PROCEDURES)

Onerilen sistemde akaryakit istasyonlarmin akaryakit fiyatlar1 ve sundugu hizmetler ile ilgili veriler bir
web istemci arayiizii yardimiyla uygulamaya girilmektedir. Akaryakit istasyonu yetkili personeli
uygulama Uzerinden kayit olup giris yaptiktan sonra sekil 3’te goriilen istasyon ekrani tarafindan
kargilanmaktadir.
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“

. Akaryakit istasyonu bilgi girisi

Sekil 3’te verilen bilgi girisi ekram iizerinde bulunan secenekler sayesinde istasyon ayrintilari sisteme
girilmektedir. Giincelle boliimiinden akaryakit istasyonunun sundugu hizmetler veya akaryakit fiyatlar
giincellenebilmektedir. Ayni sekilde akaryakit tliketicileri de web araylizii yardimiyla uygulamaya
erisebilmekte ve akaryakit istasyonunun ayrintilarim1 gérebilmektedir. Ayrica kullanicilar harita lizerinden
belirledigi konuma en yakin akaryakit istasyonunu gorebilmekte ve belirledigi konumdan akaryakit
istasyonuna yol tarifi alabilmektedir.
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Sekil 4. (a) Harita ekrani, (b) istasyon bilgi diyalogu ekranm

Mobil uygulamanin ana ekrani ise haritanin bulundugu ekrandir. Ekranin alt boliimiinde menii
bulunmaktadir. Bu menii sirasiyla istasyon listeleme ve siralama, konum arama, uzaklik mesafesi



Hiiseyin POLAT, Saadin OYUCU / GU J Sci, Part C, 9(2):171-181 (2021) 179

belirleme ve mevcut konuma gitme gorevlerini yerine getirmektedir. Harita ekrani tizerindeki herhangi bir
akaryakit istasyonu secildiginde bilgi diyalogu acilmaktadir. Bu diyalogda bulunan istasyon “profiline
git” secenegi ile yeni bir ekran acilmaktadir. Bu ekranda istasyon hakkinda yorum ve puan ekleme, yol
tarifi alma ve telefon etme vb. islemler gerceklestirilebilmektedir.

Mobil uygulamanin kullanabilmesi i¢cin GPS aktif ise, harita otomatik olarak kullanicinin konumuna
odaklanmaktadir. Uzaklik mesafesi varsayilan olarak 10 kilometre olarak ayarlanmigtir. Uygulama ilk
baslatildiginda kullaniciya 10 kilometre yakinlktaki akaryakit istasyonlar1 harita iizerinde
gosterilmektedir. Harita ekraninin ekran goriintiisii sekil 4(a)’da istasyon bilgi diyalogu ekram ise sekil
4(b)’de verilmistir.

Akaryakit istasyonlart bayi logosu ile haritada gosterilmistir. Akaryakit istasyonunun bilgilerini
goriintiilemek igin bilgi alinacak istasyonun logosunun segilmesi yeterlidir. Secilen istasyonun bilgileri
bir diyalog ile kullaniciya sunulmustur. Bilgi diyalogunda akaryakit istasyonunun akaryakit fiyatlari,
istasyon hizmetleri hakkinda bilgi alinmaktadir. Diyalogda bulunan tarih ise akaryakit fiyatlarinin en son
giincellendigi tarihi gostermektedir. Bir istasyonun sundugu hizmetler bilgi diyalogunda koyu renkle
gosterilmistir. Eger bir hizmet istasyonda bulunmuyor ise 6zelligin logosu agik gri tonundan
olusmaktadir.

Onerilen sistemin diger bir fonksiyonu da kullanicilardan geri bildirim almaktir. Bu islem igin yorumlar
ekrant hazirlanmigtir. Yorumlar ekranmi kullanicilarin  akaryakit istasyonu hakkindaki fikirlerinin,
Onerilerinin, sikdyetlerinin, begenilerinin, tavsiyelerinin yorum ve puan olarak paylagmasina imkan
vermektedir. Sekil 5’te yorumlar ekraninin ekran goriintiisii verilmistir.

o @

Fuel App

Eb] Opet Mesafe: 8.5 km
{a) Ankara Batikent
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Serpil Given 19/12/2
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Dinlenme Tesisi gayet giizel

YORUM EKLE

Sekil 5. Yorumlar ekrani

Sekil 5’te verilen ekranin iist boéliimiinde akaryakit istasyonunun adi, sube bilgisi, yorum derecelendirme
bilgisi ve istasyonun kullanictya uzakligi verilmistir. Bu bolimiin altinda ise kullanicilarin yaptig
yorumlar bulunmaktadir. Kullanicilar yoruma goére akaryakit istasyonunu segebilmekte kendi mesafesine
gore uzakligim gore bilmektedir. Ayrica mesafe alanina gore, yorum puanina gore ve fiyat avantajina
gore akaryakit istasyonlarinin listelenmesi gerceklestirilmistir.

5. SONUC VE ONERILER (CONCLUSION AND RECOMMENDATIONS)

Gelistirilen uygulama sayesinde akaryakit istasyonlarmin sundugu hizmetlerin akaryakit tiiketicilerine
bildirilmesi ve daha uygun fiyath akaryakit satis1 gergeklestiren istasyonlar hakkinda tiiketicilerin bilgi
sahibi olmalar1 saglanmistir. Daha kaliteli hizmet ve uygun fiyat avantaj1 saglayan akaryakit istasyonunun
en yakin hangi konumda yer aldigi harita ekrami lizerinden kullaniciya sunulmustur. Akaryakit
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tiikketicilerinin istasyonlar hakkinda yorum yapmalar1 ve puan vermeleri saglanmistir. Bu sayede akaryakit
istasyonlarinin fiyat avantaji ve hizmet kalitesi net olarak ortaya konulmustur. Akaryakit istasyonlarinin
kendilerini yenilemesi, artan rekabet sartlarinda kendilerine iyi bir yer edinebilmesi icin gergek
kullanicilarin yaptigi degerlendirmeler akaryakit istasyonlar1 ve tiiketicilere sunulmustur. Boylelikle
akaryakit istasyonlarinin hizmet eksiklikleri, hizmet kalitesi ve diger akaryakit istasyonlarina gore fiyat
avantaj1 belirlenmistir.

Onerilen sistemin temelini web servis yapist olusturmaktadir. Web servisler ile arka plan is kontrol
yapilart hazirlanmistir. Sistem mobil uygulama ve web arayiiziine sahip bir web istemci ile kullaniciya
sunulmustur. Gelistirilen web servisler REST tabanlidir. Web arayiizii Angular]JS ve HTML kullanilarak
gelistirilmistir. Olusturulan bu sisteme kullanicilarin daha rahat erisebilmeleri ve mobil sistemlerin
imkanlarindan faydalanabilmek icin bir mobil uygulama gelistirilmistir. Gelistirilen mobil uygulama
internet alt yapisi ile REST web servislerine, web serviler ise gerektiginde veri tabanina erisim
saglamaktadir. Veri yapisi olarak JSON veri formati tercih edilmistir. Boylelikle daha verimli ve hizli veri
iletigimi saglanmustir.

Onerilen sistem web servisler, web arayiizii, mobil uygulama ve NoSQL veri tabamnin birlikte
kullanilmasi ile gelistirilmistir. Kullanim senaryosu olarak birden fazla kullanici ve konum igeren
akaryakit istasyonlar1 secilmistir. Boylelikle ¢oklu okuma/yazma iglemlerinde sorunsuz c¢alisabilecek bir
sistem gelistirilmistir. Gelistirilen sistemin kullanim testlerinde web servislerin mobil ve web
platformlarda sorunsuz hizmet verdigi goriilmiistiir. Sistemin platformdan bagimsiz caligsmasi ile farkli
uygulamalara entegre edilebilmesi saglanmistir. Web servislerin giivenligi Spring Boot cergevesi tercih
edilerek Spring giivenlik bilesenlerinden yararlanilarak saglanmstir. Onerilen sistem ile sadece akaryakit
istasyonlarina hizmet verecek bir sistem degil farkli kullanim alanlarinda da kullanilacak bir mimari yap1
sunulmustur.
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Energy efficiency offers a wide variety of opportunities that will provide efficient resource
utilization, alleviate the pressure of energy costs on the economy and reduce foreign energy
dependency, and support in combating the harmful effects of climate change. This paper aims to
develop necessary data sets to guide policymakers in their decision-making process to identify
energy efficiency policy options through an ex-post analysis. One of the targets of this paper is
to determine the large household appliances stock and its electricity consumption, which
constitutes an important share in residential electricity consumption over the period of 2005-
2019. In light of the findings from the ex-post analysis, electricity consumption scenarios for
large household appliances were developed from 2020 to 2030. According to the results, the
total stock consumption of the refrigerator and washing machine appliances has reached a
plateau, leaving behind an increasing trend due to the improvements in efficiency despite the

the residential sector . . L .
et growth in the stock amounts. Besides, the electricity consumption of freezer, tumble dryer, and

dishwasher stock has increased significantly due to the increase in the household ownership
rates. The analyses also showed that the total electricity consumption of the large household
appliances’ stock increased from 17,973 GWh in 2005 to 23,067 GWh in 2019. In addition, the
ex-ante analysis revealed that the electricity consumption of refrigerator stock would show most
likely a downward trend until 2030, while deep freezers, tumble dryers, dishwashers, and
electric ovens stocks would demand more electricity with the increase in ownership rates.
However, the analysis showed an uncertain pathway for the electricity consumption of washing
machine stock since annual sales during the projection period would show in which direction
their consumption would evolve.

1. INTRODUCTION

After the 21st Conference of the Parties to the United Nations Framework Convention on Climate Change
held in Paris in 2015, many countries have declared their decarbonization targets for achieving carbon
neutrality. The most ambitious target announced in this context is undoubtedly the European
Commission's goal of making Europe the first carbon-neutral continent with the Green Deal Plan. Energy
efficiency, which provides multiple benefits including preventing waste, alleviating the pressure of
energy costs on the economy, and reducing the dependence on foreign energy resources in addition to
tackling climate change, is one of the main policy tools that Europe will need to achieve the long-term
climate targets set by the Green Deal.

Meanwhile, Turkey follows the developments in climate policies closely and restructures her policy and
strategy plans within the framework of transformational change to cope with increasing energy demand
driven by population growth and economic development.

*Corresponding author, e-mail: bilalduzgun@gmail.com DOI: 10.29109/gujsc.871922
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The main framework of energy efficiency programs was drawn up by the Energy Efficiency Law
published in 2007. The Law aims to prevent waste, reduce energy costs and protect the environment by
using energy effectively and efficiently [1]. Its secondary legislation, the Regulation on Energy
Performance in Buildings and the Regulation on Increasing Efficiency in the Use of Energy Resources
and Energy, was published in 2008 and 2011 to ensure promoting energy efficiency in all processes from
production to final consumption. With Turkey’s Climate Change Strategy 2010-2023 published by the
Ministry of Environment and Urbanization in 2010, dissemination of energy efficiency was determined as
one of the main pillars of the national vision on climate change strategies.

Subsequently, the Energy Efficiency Strategy Document 2012-2023 was published in 2012 with the
decision of the High Planning Council by aiming at reducing the energy intensity of Turkey by at least
20% compared to the 2011 level [2]. The actions to be taken in achieving the efficiency goals were
announced with the National Energy Efficiency Action Plan (NEEAP) published in 2018. Under the
NEEAP, it is aimed to reduce the primary energy consumption of Turkey by 14% until 2023 through 55
actions defined in six categories: buildings and services, energy, transport, industry and technology,
agriculture and cross-cutting (horizontal) areas. The NEEAP targets to save 23.9 million toe cumulatively
and mitigate 66.6 million tonnes of carbondioxide equivalent (MtCO2-eq) by investing 10.9 billion USD

[3].

The building sector was chosen as one of the focal areas within the NEEAP due to its high energy
efficiency potential. A total of 12 actions were determined by focusing on increasing energy efficiency in
existing buildings, making new buildings more efficient, carrying out building inventory studies, and
conducting awareness-raising activities to benefit the most from the existing potential.

One of the actions defined in the building sector is the improvement of the energy efficiency of existing
buildings (named as B5 in the NEEAP). In this context, the development of a mechanism that will include
practices such as incentives, support schemes, taxation, and sanctions are targeted to disseminate the use
of efficient equipment and technologies [3]. This action also indicates that the market transformation of
efficient household appliances will be a focal point where in-depth analyses are needed.

On the other side, there is limited research on household appliance stock and its energy consumption for
Turkey. For some household appliances, the ownership rates of households were determined in the survey
study conducted in 2020 by the Ministry of Energy and Natural Resources (MENR) within the scope of
the Energy Efficiency Awareness Index Research [4]. Selguk (2018) also used the Household Budget
Survey conducted by the Turkish Statistical Institute (TurkStat) to determine the ownership rates [5].
Sahin (2012) identified the electricity consumption and CO, emissions of household appliances by
conducting surveys and measurements in 201 households in Ankara [6]. However, the data on the
breakdown of electricity consumption in residential buildings in the literature does not provide a clear
picture of the end-use consumption shares. For example, the shares of major electricity consumers in
households electricity consumption are listed in Sahin’s (2012) study as refrigerator, television, and
dishwasher with 31%, 10%, and 8%, respectively; in TEVEM’s (2010) study as refrigerator, air
conditioners and lighting with 31.1%, 15%, and 11.7%, respectively; in Yumartaci and Dénmez’s (2013)
study as refrigerator, lighting and electric ovens with 30.4%, 28.6%, and 10.4%, respectively [6], [7], [8]
Yet, these researches do not include any assessment regarding the total household appliance stock and its
total electricity consumption in the Turkish residential sector.

Within the scope of this study, the evaluations and assessments will be made on large household
appliances, which have a significant share in the electricity consumption of residential buildings, by
developing data sets to contribute the analysis that policymakers may need. This study also aims to fill the
existing gap in the literature on Turkey’s large household stock and its electricity consumption with the
analyses to be conducted.

For this purpose, the followed methodology to determine the appliance stock in use in the residential
sector will be presented by explaining the scope and data limitations in Section 2. Then, the stock will be
estimated in Section 3, and the calculations for the stock electricity consumption will be shown with the
results obtained in Section 4. The stock electricity consumption forecast for 2030 will be made in Section
5, and the findings obtained from the analyses will be assessed in Section 6.
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2. METHODOLOGY AND DATA SOURCES

Household appliances can be classified under two categories as large household appliances, also known
as white goods, including refrigerators, deep freezers, tumble dryers, washing machines and dishwashers;
and small household appliances including vacuum cleaners, microwaves, irons, televisions, computers,
audio, video systems, etc. The European Statistical Office (Eurostat) categorizes electric ovens under use
for cooking purposes [9].

Unfortunately, no official data source exists for appliance stock in Turkey. However, annual sales
numbers for large household appliance products are shared by the White Goods Manufacturers'
Association of Turkey (TURKBESD). The sales data provided by TURKBESD covers not only
refrigerators, deep freezers, washing machines, tumble dryers, and dishwashers but also electric ovens.
The sales data of these six product groups between 1993 and 2019 are presented in Figure 1. Besides, no
data source for the sales of small household appliances is available in Turkey. For this reason, six product
groups, namely refrigerators, deep freezers, washing machines, tumble dryers, dishwashers, and electric
ovens, are analyzed in this study due to the availability of the data.

The equipment ownership rates can be estimated by conducting annual surveys on households. In the case
of the surveys are not carried out regularly each year, the missing data on ownership rates can be
predicted by interpolation methods since the ownership rates of large household appliances will not differ
significantly from year to year [12]. If the ownership rates are known, the total appliance stock can be
estimated by considering the total number of households. Another way to calculate the total stock is a
bottom-up approach based on a stock accounting model whose inputs are annual sales numbers, and the
average lifetime of the product can be used.

Selguk (2018) calculated the household appliance ownership rates using the Household Budget Surveys
which were conducted in 2003 and 2016 by TurkStat, and determined that 98% of households have a
refrigerator, 97% have a washing machine, 18% have an air conditioner, and 44% have a computer [5].
Another survey conducted by the MENR in 2020 based on 3000 people showed that 99% of the
households have a television, 98% have a washing machine, 97% have a refrigerator, 91% have a
dishwasher, 87% have an electric oven, 46% have a deep freezer, 43% have an air conditioner, and 27%
have a tumble dryer [4]. However, these researches do not provide any figures regarding total appliance
stock in the Turkish residential sector.
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The sales data for deep freezers and tumble driers are available after 2009.

Figurel.Annual sales data of six main product groups for the period of 1993-2019 (Adapted from [10]
and [11]).

In developing countries where stock data lacks for the past years, the total stock in-use and annual sales
can be estimated simply by multiplying the household appliance ownership rates to be obtained from the
surveys by the total number of households as shown in Equation 1.
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Stock{ = HH; X y{* 1
i: Analyzed year;

a. Appliance type representing refrigerators, deep freezers, washing machines, tumble driers,
dishwashers, or electric ovens;

Stock{: Total number of units of appliance a in operation in year i;
HH;: Number of households in year i;
y{: Ownership rate of appliance a at time i.

Within the scope of the UNDP/GEF Project on Increasing Energy Efficiency in Buildings under the
coordination of the MENR, a monitoring study to profile residential electricity consumption was carried
out in 55 households in 2015. The study revealed that some households had more than one product of the
same type. For example, the refrigerator ownership rate of the surveyed households was found as 110.3%
[13]. Although the sampling number in the study is comparatively low, the findings show that households
may have more than one household appliance of the same type. For this reason, more accurate results can
be obtained by employing comprehensive stock modeling in the case of data availability.

When sufficient data is available, the stock can be modeled with the sales data over the past years and
survival rates [14]. Accordingly, the stock is calculated by adding the previous year’s stock plus the
appliance sales minus the stock of retired appliances in the current year, as shown in Equation (2).

Stockf = Stock ; + S} — AR} 2
Stok{* ,: Total number of units of appliance a in operation in year i — 1;
S Sales of appliance a in year i;
AR{: Stock of retired appliance a in year i.

The total retired appliance stock is calculated as the total of retired appliances each year. In other words,
the total retired appliances over the years are determined with the survival rates, which depend on the age
distribution for the starting year. Consequently, the total of retired appliances from the previous years
gives the total appliance stock as shown in Equation (3).

i—-1

AR? = SE x (1= ¢, (0)) + Z 5 X (@a(i =j+ 1) = 9o (i = ))) 3
j=i—k

k: Age of appliance in terms of years

@i —j+1),¢,0 —j): Probability of survival of appliance a with age (i—j+ 1) and(i—j),
respectively.

Martinez-Montejo and Sheinbaum-Pardo (2016) developed their model by assuming that all appliances
would be in operation until the end of their lifetime, and all of them would retire at the end of their life,
which was accepted as 16 years [15]. However, linear and nonlinear survival functions have been defined
in the literature to identify survival rates, also called survival curves. Mahlia, Masjuki, and Choudhury
(2002) employed linear survival function in their study and assumed that appliances would not retire
before 2/3 of the life span of the appliances, all of those who are over 4/3 would be fully retired, and those
in between would retire proportionally according to the life expectancy [16]. On the other hand, Welch
and Rogers (2010) concluded that the retirement life of household appliances would follow the "Adapted
Weibull Probability Density Function™ proposed by Zachariadis, Samaras, and Zierock (1995) [17], [18].
Diawou et al. (2018) and Diawou et al. (2019) also used the survival curves suggested by Zachariadis,
Samaras, and Zierock (1995) to calculate the number of retired appliances in their studies [19], [20]. The
Adapted Weibull Probability Density Function proposed by Zachariadis, Samaras, and Zierock (1995) is
presented in Equation 4.
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@ (k) = exp — ;t(0) =1 4

k + b\
Ta

@%(k): Probability of survival of appliance a being k year old;

b%: Failure steepness for appliance a (b* > 1, i.e. survival rate decrease as appliance get older)
T%: Characteristic service life for appliance a

The survival curves for large household appliances presented in Chapter 3 are determined using Equation
(4). Then, the stock for each appliance group is calculated by years using the annual sales data for the
period 1993-2019.

3. ESTIMATION OF LARGE HOUSEHOLD APPLIANCES STOCK USING STOCK
ACCOUNTING MODEL

The most up-to-date research for the age status of the appliance stock for Turkey is the Energy Efficiency
Awareness Index Survey conducted by MENR in 2020 [4]. The MENR study is used to estimate T“value
which is assumed as 19 years for six appliances. The stock in use for refrigerators, deep freezers, washing
machines, tumble dryers, dishwashers, and electric ovens show similar age distribution according to the
survey results. Zachariadis, Samaras, and Zierock (1995) stated that the b%value converges to 50% of the
average life span [18]. With this information, survival curves are drawn for six appliances, as presented in
Figure 2.
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Figure2.Survival Curves of Appliances

MENR’s completed Project on Market Transformation of Energy Efficient Appliances in Turkey and
TURKBESD statistics on annual sales are used to calculate the total stock. However, the sales statistics
extend until 1993 for refrigerators, washing machines, dishwashers, and electric ovens and until 2009 for
deep freezers and tumble dryers. For the appliances that do not have annual sales statistics before 1993,
the sales numbers are estimated backward by considering the annual average increase in the sales between
1993 and 2003. Likewise, for the appliances that do not have sales statistics before 2009, the sales
numbers are estimated backward by taking the period of 2009-2019 as reference. The assumptions on
sales data are summarized in Table 1.
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Table 1.Years without sales data and assumptions on annual sales

_ Years without Assumed Annual Sales

Appliances Sales Data Growth Rate bas_ed on
the Reference Period [%]

Refrigerators Before 1993 5
Deep Freezers Before 2009 15
Washing Machines Before 1993 5
Tumble Driers Before 2009 15
Dishwashers Before 1993 2
Electric Ovens Before 1993 2

In the light of sales data and assumptions, the estimated total stock of large household appliances after
2005 is presented in Table 2, and the stock growth over the years is shown in Figure 3.

Table 2. Estimated stock for large household appliances calculated from stock modeling

Refrigerators Deep Freezers Washing Machines| Tumble Driers Dishwashers Electric Ovens

% u— ] u— s u— ] “— ] u— ] u— ]
2, (B =2, |«8 22, (L8] =2, (| -2, |£8| =2, |« E
2 5 = 5 = 5 2 5 = 5 2 5

2005 14,609,327 453,909 14,934,354, 218,985 4,777,356 5,812,371
2006 15,798,571 8.1% 547,612|20.6% 15,782,229| 5.7% 251,759|15.0%) 5,292,656|10.8% 6,000,923 3.2%)
2007 16,498,885 4.4% 660,659|20.6% 16,377,680| 3.8% 289,437|15.0%) 6,014,829|13.6% 6,257,486 4.3%)
2008 17,094,189 3.6% 797,042|20.6% 16,800,495| 2.6% 332,754|15.0%) 6,779,525|12.7% 6,439,107| 2.9%)
2009 17,515,230| 2.5% 961,579|20.6%, 17,117,852 1.9% 382,554|15.0%) 7,614,264{12.3% 6,586,434 2.3%)
2010 18,049,794 3.1% 1,189,369(23.7% 17,500,848| 2.2% 442,276(15.6% 8,513,320{11.8% 6,711,824 1.9%)
2011 18,722,810| 3.7% 1,447,050(21.7% 18,172,704] 3.8% 524,084|18.5%) 9,697,883/13.9% 6,982,931 4.0%)
2012 19,410,169 3.7% 1,842,172(27.3% 18,706,136 2.9% 606,202|15.7%) 10,791,632{11.3% 7,243,618 3.7%)
2013 20,160,095 3.9% 2,377,456|29.1% 19,293,839 3.1% 668,491|10.3%) 11,790,633| 9.3% 7,529,267 3.9%)
2014 20,734,653 2.8% 2,849,691/19.9% 19,888,935 3.1% 707,942| 5.9%) 12,737,222 8.0% 7,869,645 4.5%)
2015 21,333,471 2.9% 3,345,828|17.4% 20,574,073| 3.4%) 760,174| 7.4%) 13,683,596 7.4% 8,275,135 5.2%)
2016 21,935,090/ 2.8% 3,903,176|16.7% 21,310,199| 3.6% 819,945| 7.9%) 14,658,080| 7.1% 8,699,624 5.1%)
2017 22,603,676| 3.0% 4,726,521(21.1% 22,229,044| 4.3%) 927,506|13.1%) 15,787,405| 7.7% 9,220,501 6.0%)
2018 22,851,661 1.1% 5,411,146|14.5% 22,687,596| 2.1%) 1,010,586| 9.0% 16,484,847 4.4% 9,532,470| 3.4%)
2019 22,953,045/ 0.4% 6,018,092/11.2% 22,997,003 1.4%) 1,128,863({11.7% 16,954,196| 2.8% 9,680,721 1.6%)
Average Growihl 3304 00.4% 3.1% 12.5% 9.5% 3.79%
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Figure 3. The total stock growth of large household stock by years

The total stock in use are estimated for 2019 as 22,953,045 units for refrigerators, 6,018,092 units for
deep freezers, 22,997,003 units for washing machines, 1,128,863 units for tumble driers, 16,954,196 units
for dishwashers and 9,680,721 units for electric ovens. If the estimated stock for each appliance group is
divided by household numbers, the ownership rates can be calculated for the respected year. The
ownership rates for refrigerators, deep freezers, washing machines, tumble driers, dishwashers, and
electric ovens are found for 2019 as 98%, 25%, 96%, 5%, 71%, and 40%, respectively. The results of the
model overlap with the findings from Sel¢uk’s (2018) and MENR’s (2020) studies, except for tumble
driers and electric ovens. The MENR’s (2020) study indicates that 27% of households have a tumble
drier, and 87% have an electric oven. In other words, the study depicts that the stock amount for tumble
driers and electric ovens according to Equation 2 is expected to be 6,480,524 and 20,202,460 units,
respectively. However, since the average sales of tumble dryers in the last ten years are approximately
100 thousand units per year and the characteristic service life is assumed 19 years, the tumble drier stock
will never reach the findings in the MENR’s study. On the other side, according to the MENR’s study,
the stock of electric ovens is more than two times compared to the calculated stock in this paper. As the
reason for this difference, the participants who attended the MENR’s study may have answered the
question in the survey regarding electric ovens by considering their cooking equipment such as mini/midi
ovens, microwave ovens, etc., which are classified under small household appliances. The other reason
for the high results in the MENR study can be that the survey may focus on participants with high
socioeconomic levels.

4. DETERMINING THE ELECTRICITY CONSUMPTION OF THE APPLIANCE STOCK

The electricity consumption of large household appliances can be determined by energy efficiency
indexes and product electricity consumption formulas given in the energy labeling and eco-design
communiqués. Due to the Customs Union agreement, Turkey harmonizes her legislation with the EU
acquis. Therefore, the equations in this section are the same as given in the relevant EU legislation.

4.1. The Electricity Consumption of Refrigerators and Deep Freezers

The average electricity consumption of refrigerators and deep freezers is calculated by efficiency classes
using the methodology based on the eco-design and labeling regulations on cooling products. The energy
efficiency index (EEI) and the standard annual energy consumption (SAE) for household refrigerating
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appliances are represented by Equation 5 and Equation 6 in the Communiqué on Environmentally
Sensitive Design Requirements for Household Refrigerating Appliances (SGM 2011/17) [21];

EEI (AE“ ) 100 5
= X

SAE,
SAE, =VE., xM + N + CH 6

EEI: Energy efficiency index;

AE ;. Annual energy consumption of the refrigerating appliance;

SAE ,: Standard annual energy consumption of the refrigerating appliance (kWh/yr);
VE.4: Equivalent volume of the refrigerating appliance;

CH: Equal to 50 kWh/yr for refrigerating appliances with a chill compartment with a storage volume of at
least 15 litres;

M ve N: Coefficients determined according to the refrigerating appliance categories defined in Table 7 of
the Annex of the Communiqué.

The energy efficiency indexes are determined according to the energy efficiency classes put in practice as
01.07.2014, specified in the Communiqué on Energy Labeling of Household Refrigerating Appliances
(SGM-2012/4) [22]. The average volumes for refrigerators and deep freezers are assumed as 500 and 200
liters, respectively. Accordingly, the stock electricity consumptions of refrigerators and deep freezers for
2019 are estimated as 9,630 GWh and 2,012 GWh, respectively.

4.2. The Electricity Consumption of Washing Machines

The EEI and the SAE for washing machines are presented by Equation 7 and Equation 8 in the

Communiqué on Environmentally Sensitive Design Requirements for Household Washing Machines
(SGM 2011/18) [23];

EEI (AE“ ) 100 7
= X

SAE,
SAE, =47 x c+ 51,7 8

AE ,: Annual energy consumption of the washing machine;
SAE ,: Standard annual energy consumption of the washing machine (kWh/yr);

c: Rated capacity of the washing machine for the standard 60°C cotton programme at full load or the
standard 40 °C cotton programme at full load, whichever is the lower.

The energy efficiency indexes are determined according to the energy efficiency classes put in practice as
of 22.06.2012, specified in the Communiqué on Energy Labeling of Household Washing Machines
(SGM-2012/6) [24]. The capacity and washing cycles of washing machines are assumed as 7 kg and 220
cycles per year, respectively. Accordingly, the stock electricity consumption of washing machines for
2019 is estimated as 4,655 GWh.

4.3. The Electricity Consumption of Tumble Dryers

The EEI and the SAE for tumble driers are presented by Equation 9 and Equation 10 in the Communiqué
on Environmentally Sensitive Design Requirements for Household Tumble Driers (SGM 2013/2) [25];

EEI (AE“ ) 100 9
= X
SAE,
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SAE, = 140 x c°8 10
AE ;. Annual energy consumption of the tumble driers;
SAE ,: Standard annual energy consumption of the tumble driers (KWh/yr);
c: Rated capacity of the tumble drier for the standard cotton programme.

The energy efficiency indexes are determined according to the energy efficiency classes put in practice as
of 16.12.2015, specified in the Communiqué on Energy Labeling of Household Tumble Driers (SGM-
2013/6) [26]. The capacity of the tumble driers is assumed as 7 kg. Accordingly, the stock electricity
consumption of tumble driers for 2019 is estimated as 422 GWh.

4.4, The Electricity Consumption of Dishwashers

The EEI and the SAE for dishwashers are presented by Equation 11 and Equation 12 in the Communiqué
on Environmentally Sensitive Design Requirements for Household Dishwashers (SGM 2011/19) [27];

EEI = (AE“ ) x 100 11
~ \SAE,
SAE, =7 X ps + 378 12

AE ;: Annual energy consumption of the dishwashers;
SAE ,: Standard annual energy consumption of the dishwashers (kWh/yr);
ps: Number of place settings.

The energy efficiency indexes are determined according to the energy efficiency classes put in practice as
of 22.06.2012, specified in the Communiqué on Energy Labeling of Household Dishwashers (SGM-
2012/5) [28]. The number of place settings of dishwashers is assumed as 12. Accordingly, the stock
electricity consumption of dishwashers for 2019 is estimated as 4,977 GWh.

4.5. The Electricity Consumption of Electric Ovens

The EEI and the SAE for electric ovens are presented by Equation 13 and Equation 14 in the

Communiqué on Environmentally Sensitive Design Requirements for Domestic Ovens and Range Hoods
(SGM 2015/7) [29];

EC 't
EFloaviey = <ﬁ> X 100 13
SECeqpity = 0.0042 X V + 0,55 14

EEl qyity: Energy Efficiency Index for each cavity of a domestic oven;

ECcqvity- Energy consumption required to heat a standardised load in a cavity of an electrically heated
oven during a cycle, expressed in KW,

SEC qvity- Standard energy consumption required to heat a standardised load in a cavity of an electrically
heated oven during a cycle, expressed in kKWh;

V: Volume of the cavity of the electric oven in litres (L).

The energy efficiency indexes are determined according to the energy efficiency classes put in practice as
of 14.01.2015, specified in the Communiqué on Energy Labeling of Domestic Ovens and Range Hoods
(SGM-2015/8) [30]. The average capacity of electric ovens is assumed as 65 L. Accordingly, the stock
electricity consumption of electric ovens for 2019 is estimated as 1,310 GWh.
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4.6. An Assessment on the Electricity Consumption of Large Household Appliance Stock For the
Period 2005-2019

The model results showed that the electricity consumption of large household appliances stock increased
from 17,973 GWh in 2005 to 23,067 GWh in 2019. The stock represents 42.5% of residential electricity
consumption in 2019.

One of the most remarkable findings in stock modeling is the decrease in electricity consumption of
refrigerators by 47% in the period of 2005-2019. Thanks to improvements in energy efficiency, the total
electricity consumption of the refrigerator stock firstly reached a plateau and then showed a slight
downward trend, as presented in Figure 4. Although the energy efficiency of deep freezers has improved
significantly over the years in parallel with the advancements in refrigerators, the increase in the deep
freezers stock by 1,226% caused the stock consumption to increase approximately seven times in the last
15 years.
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0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Years
m Refrigerators m Deep Freezers m Washing Machines

Tumble Driers m Dishwashers Electric Ovens

Figure 4. The estimated electricity consumption of large household appliances stock for the period 2005-
2019

The model also revealed that the electricity consumption of washing machine stock followed similar
trends with the electricity consumption of refrigerator stock. Despite a 38% improvement in energy
efficiency in the washing machines, the electricity consumption of washing machine stock did not
decrease due to the rise in the total stock by 54%. Although the energy efficiency of tumble driers showed
a 44% improvement during the analyzed period, the electricity consumption of the tumble driers stock
increased by 262% due to the rapid increase in the ownership rates.

Among the large household appliances, the modest energy efficiency improvement was seen in
dishwashers with only 19% progress. The electricity consumption of dishwasher stock increased by 170%
due to the increase in the stock by 255% over the analysis period. On the other hand, the electric ovens
showed a 26% improvement in energy efficiency. The electric oven stock increased by 67%, leading to a
rise in electricity consumption by only 15%.

Table 3 summarizes the increase in the stock amount of the large household appliances, the improvements
in energy efficiency for each appliance group, and the total stock consumption over the analysis period.
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Table 3. The total change in the stock, energy efficiency improvements in appliances and stock electricity
consumption growth for the period 2015-2019

The Total Change | Energy Efficiency | Stock Electricity
Appliances in the Stock [%] Improvements in Consumption
Appliances [%] Growth [%]
Refrigerators 57 47 -3
Deep Freezers 1,226 38 716
Washing Machines 54 38 1
Tumble Driers 415 44 262
Dishwashers 255 19 170
Electric Ovens 67 26 15

Nevertheless, a monitoring program for the large household appliances to meter real-time consumption in
the residential sector by considering different socioeconomic groups is recommended for future analyses
if the budget is available. Since the implementation of monitoring and audit programs is very costly, a
bottom-up approach based on the stock accounting model can estimate the total electricity consumption
of large household appliances. However, it is important to keep in mind that several factors may cause a
significant difference between the results obtained from the real-time measurement and the stock model.
One factor is that the equations in the eco-design and labeling communiqués are based on empirical
formulas obtained from laboratory measurements. Thus the appliance usage practices in real life and
consumer habits differ significantly from laboratory conditions. Another factor is that the increase in the
welfare of the society encourages consumers to buy appliances with larger capacities that hamper to
harvest energy efficiency potential.

5. THE FORECASTING OF STOCK ELECTRICITY CONSUMPTION UNTIL 2030

The development of the appliances stock and the progress in energy efficiency in the upcoming years will
determine how the total electricity consumption of the household appliances stock evolves. As explained
in Section 2, the stock can be estimated by household numbers and ownership rates according to Equation

Q).

The correlation between the number of households and the population is examined to determine the
number of households for the forecasting period of 2020-2030. Population and household statistics are
taken from the TurkStat. The statistics are given in five-year periods between 1955 and 1990, for the
years 2000 and 2011, and annually after 2014 by theTurkStat. As a result, a regression model is
established and observed that a high positive correlation (r = 0.9877) between the number of households
and the population exists.

The number of households is estimated for the analysis period with the polynomial regression model
using the main scenario on the population projection of the TurkStat. The results are summarized in Table
4.
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Table 4. Estimated number of households obtained from the regression model

Years Tur_kStz_;lt Population | Estimated Number
Projection of Households
2020 83,900,373 24,413,582
2021 84,908,658 24,993,914
2022 85,911,035 25,578,870
2023 86,907,367 26,168,226
2024 87,885,571 26,754,550
2025 88,844,934 27,336,981
2026 89,784,584 27,914,548
2027 90,703,600 28,486,233
2028 91,601,117 29,051,035
2029 92,476,323 29,607,975
2030 93,328,574 30,156,168

Equipment ownership rates are estimated by assuming that the equipment ownership rates will grow at
the same scale in the 2020-2030 period in line with the growth rates from 2005 to 2019. The appliance
ownership rates between 2005 and 2019 and estimated ownership rates between 2020 and 2030 are
presented in Figure 6.
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Figure 6. Development of ownership rates of large household appliances

Based on these assumptions, Equation (1) is used to calculate the stock amount of large household
appliances by multiplying the number of households with the estimated ownership rates. After that, the
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annual sales numbers between 2020 and 2030 are estimated. And finally, different scenarios are
developed based on the expected sales numbers + 5%. In addition, two different efficiency scenarios are
developed to predict the total electricity consumption of large household appliances stock, assuming that
the energy efficiency of the appliances will freeze and will not show any improvements after 2019; and
the improvements in energy efficiency will follow the same trend as the improvements presented between
2005 and 2019. Accordingly, the obtained results for forecasted electricity consumption of the appliance
stock by 2030 are presented in Table 5, and the electricity consumption projections until 2030 are shown

in Figure 7.
Table5. The forecasted appliance stock and its electricity consumption by 2030 based on the developed
scenarios
£ S c o S e L L S c s 2
3 2c 28| g% | 28| 8% | B8| 3B%
o = S'c 25| B3| B85 | E8| B =B
Appliances = - g % SEU |GED |EL |ET |5EL | EL
[} D - - - — e} e
£ I mE |gdg|ede|edg|ege|egeg| eqne
X g o X2 SYS | S48 |ShS |E4S|S4S| 248
= m D —= = Q= = Q= = Q= = Q= = Q= =
& S 28 |38E |385 386 |85 |85 | S8
Units GWh GWh (2030)
Refrigerators 22,953,045 28,992,195 |9,630 9,480 |7,596 |9,087 |7,296 |9,874 |7,895
Deep Freezers 6,018,092 | 14,187,406 |2,012 4,402 3,643 |4,215 [3,494 |4589 3,792
Washing Machines | 22,997,003 | 29,536,540 | 4,655 5126 |4,320 [4,913 |4,148 |5338 |4,492
Tumble Driers 1,128,863 |2,310,043 |422 645 519 617 498 672 540
Dishwashers 16,954,196 | 26,052,521 | 4,977 7,152 |6,567 |6,846 |[6,290 |7,459 |6,845
Electric Ovens 9,680,721 | 13,717,994 | 1,370 1,847 |1644 (1,766 |1,573 |1,928 [1,715
Total Stock Consumption 23,067 28,652 |24,289 |27,444 |23,299 |29,860 |25,279
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Figure 7. The projections on the electricity consumption of large household appliances by 2030 (a)
Refrigerators (b) Deep freezers (c) Washing machines (d) Tumble driers (e) Dishwashers (f) Electric
ovens

The forecast results on refrigerators show that the electricity consumption of the refrigerator stock will
decrease in five scenarios, and a significant savings potential can be achieved through improvements in
energy efficiency. With the decline in refrigerator sales and increase in energy efficiency, the stock
electricity consumption may decrease to 24% until 2030 compared to the 2019 level.

In line with the projections indicating that deep freezer stock will increase more than twice, the electricity
consumption of the deep freezer stock is expected to increase by at least 74% despite the improvements in
energy efficiency.

On the other hand, the electricity consumption growth of the washing machine stock is more uncertain
over the projection period. Depending on the sales and improvements in energy efficiency, the stock
electricity consumption may increase, decrease or reach a plateau until 2030. Even in the scenario in
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which the consumption is predicted to be the highest, the increase rate in the electricity consumption of
the stock is expected to be 15%.

The electricity consumption of the tumble driers stock is expected to increase due to the rise in ownership
rates. However, this rise is also expected to be suppressed by the improvements in energy efficiency. The
increase in the rate of the stock electricity consumption is forecasted to be between 18% and 53%.

Based on the expectation of a 54% increase in the dishwasher stock, the electricity consumption is
expected to rise by 26-50% until 2030. The decrease in sales and improvements in energy efficiency may
pressure the rise in the stock electricity consumption.

The electricity consumption of electric ovens is expected to increase by 41%, depending on the increase
in the electric ovens stock. Again, this increase may remain at more modest levels with the annual sales
trends or efficiency gains.

6. CONCLUSION

As one of the most important policy tools in combating climate change, energy efficiency plays a
significant role in meeting countries' energy demand, which is closely related to the increase in the
population and welfare of society. Policymakers need to be supported with the analyses that show the
main trends in energy consumption and how the consumption will evolve to determine the most
appropriate energy efficiency policies in an environment with limited resources.

This study aims to contribute the analyses and research needed to determine the suitable policy options
for the residential sector, representing one-fifth of Turkey’s final energy consumption. For this purpose, a
bottom-up approach based on the stock accounting model on large household appliances was
implemented since appliances promise significant energy efficiency potential. Firstly, the stock of
refrigerators, deep freezers, washing machines, tumble dryers, dishwashers, and electric ovens in use
were estimated, and their electricity consumption was determined from 2005 to 2019. Analysis revealed
that the stock electricity consumption increased by 42.5% compared to the 2005 level and reached 23,067
GWh in 20109.

The refrigerator and washing machine stock increased by 57% and 54%, respectively, between 2005 and
2019. On the other hand, the energy efficiency of refrigerators and washing machines improved by 20%
and 25%, respectively. These activities caused the stock electricity consumption to surpass the upward
trend and reach a plateau.

The stock electricity consumption of deep freezers, tumble driers, and dishwashers increased by 1.226%,
415%, and 255%, respectively, due to the rise in household ownership rates. The efficiencies of deep
freezers, tumble driers, and dishwashers improved by 38%, 44%, and 19%, respectively. As a result of the
rapid escalation in the stock, the stock electricity consumption of appliance groups increased by 1.7 to 7
times.

Consequently, the achieved gains through energy efficiency improvements in refrigerators and washing
machines prevent the increase in energy consumption driven by the stock growth. However, the
electricity consumption increased significantly for the rest of the appliance groups despite the
improvements in energy efficiency since the household ownership rates grew dramatically between 2005
and 2019.

In addition, six different scenarios were developed, and projections were made depending on the
estimated annual sales and the improvement in energy efficiency to forecast the development of the
electricity consumption of large household appliance stock between 2020 and 2030. The results showed
that the electricity consumption of refrigerator stock would decrease in five scenarios, although the
refrigerator stock was expected to increase from 23 million in 2019 to 29 million in 2030. These results
imply that the market transformation of efficient refrigerator appliances can be achieved without any
social intervention, thanks to improvements in energy efficiency. Also, the deep freezer stock is expected
to increase from 6 million to 14.2 million in the projection period, which will cause an increase from 2
TWh to over 4 TWh in the electricity consumption of deep freezer stock. Like the path followed by
refrigerator stock, washing machine stock is predicted to rise from 23 million to 29.5 million. However,
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the trend of the electricity consumption of washing machine stock is more uncertain. The future sales will
determine how the electricity consumption of washing machine stock will evolve.

The electricity consumption of tumble dryers, dishwashers, and electric ovens stock is expected to
increase in all scenarios during the projection period. The tumble dryer stock will increase from 1.1
million to 2.3 million, the dishwasher stock from 17 million to 26 million, and the electric oven stock
from 9.7 million to 13.7 million until 2030. According to the scenario in which estimated sales are used,
and energy efficiency follows the past trends, the electricity consumptions of clothes dryers, dishwashers,
and electric ovens stock are forecasted to reach 519 GWh from 422 GWh, 6,567 GWh from 4,977 GWh,
and 1,644 GWh from 1,370 GWh, respectively. As a result, the total electricity consumption of large
household appliances is expected to rise by 5.3% compared to the 2019 level and reach 24,289 GWh in
2030.

The ownership rates of large household appliances are expected to increase with the rise in household
welfare. However, the stock electricity consumption is forecasted to increase more modestly than the past
trend despite the increasing stock. The tendency of the electricity consumption of large household
appliances is tried to be determined with the scenarios developed. In this way, this study aimed to
provide the required data sets that policymakers will need to determine suitable policy options. Detailed
policy analysis is recommended for promoting the market transformation of efficient appliances for future
studies.
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Reinforcement learning is a learning method that many creatures often unwittingly use to gain
abilities such as eating and walking. Inspired by this learning method, machine learning
researchers have reduced this learning method to subheadings as value learning and policy
learning. In this study, the noise standard deviation of the deep deterministic policy gradient
(DDPG) method, which is one of the policy learning algorithms, was examined to solve inverse
kinematics of a 2 degrees-of-freedom planar robot. For this examination, 8 different functions
were determined depending on the maximum value of the output of the action artificial neural
network. Created artificial neural networks were trained by using these functions in 1000
iterations with 200 steps in each iteration. After the training, the statistical difference between
the groups was examined and it was found that there was no statistical difference between the
three best groups. For this reason, the best three groups were retrained 2500 iterations and 200
steps and tested for 100 different test scenarios after the training. After testing, the inverse
kinematic equation of the 2 degrees-of-freedom planar robot with minimal errors was obtained
with the help of artificial neural networks. In the light of the results, the importance of the
choice of the standard deviation of noise and the correct range of selection was presented for
researchers who will work in this field.

DDPG Algoritmasinda Bulunan Ornstein—Uhlenbeck
Giirultiisiiniin Standart Sapmasinin Arastirilmasi

Oz

Pekistirmeli 6grenme, bir¢ok canlinin yemek yeme ve yiirlime gibi beceriler kazanmak igin
genellikle farkinda olmadan kullandigi bir 6grenme yontemidir. Bu 6grenme ydnteminden
ilham alan makine &grenmesi aragtirmacilari, deger 6grenme ve politika 6grenme olarak bu
O0grenme yontemini alt basliklara indirgemislerdir. Yapilan bu calismada politika 6grenme
algoritmalarindan biri olan derin deterministtik politika gradyan1 (deep deterministic policy
gradiend-DDPQG) yonteminin giiriiltii standart sapmasi bir adet 2 serbestlik dereceli diizlemsel
robotunun ters kinematik ¢dziimil i¢in incelenmistir. Yapilan bu inceleme igin eylem yapay sinir
aginin ¢ikisinin maksimum degerine bagli olarak 8 farkli fonksiyon belirlenmistir. Olusturulan
yapay sinir aglari, bu fonksiyonlar kullanilarak her bir iterasyonda 200 adim olacak sekilde
1000 iterasyon egitilmistir. Egitim sonrasinda gruplar arast istatistiksel fark bakilmis ve en iyi
ii¢c grup arasinda istatistiksel fark olmadigi saptanmistir. Bu nedenle en iyi li¢ grup 2500
iterasyon ve 200 adim yeniden egitilmis ve egitim sonrasinda 100 farkl: test senaryosu igin test
edilmigtir. Test isleminden sonra minimal hatalar ile 2 serbestlik dereceli diizlemsel robotunun
ters kinematik denklemi yapay sinir aglari yardimi ile elde edilmistir. Sonuglar 1s18inda,
gliriiltiiniin standart sapmasi se¢iminin dnemi ve hangi aralikta secilmesinin daha dogru olacag:
bu alanda ¢alisacak olan aragtirmacilar i¢in sunulmustur.

1. GIRiS INTRODUCTION)

Makine O6grenmesi, 6grenme yontemlerine goére denetimli (supervised), denetimsiz (unsupervised) ve
pekistirmeli 6grenme (reinforcement learning-RL) olmak iizere {i¢ ana baslik altinda toplanabilir [1].
Denetimli 6grenme, sayisal veya sozel ifadeler ile etiketlenmis veri kiimeleri kullanilarak belirlenen
Ogrenebilir mimarilerin girisleri ile ¢ikiglar1 arasmndaki baglantinin kurulmasi igslemidir. Siniflandirma
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veya regresyon problemleri denetimli 0grenme yardimiyla ¢oziilebilir. Denetimli 6grenmenin diger
ogrenme yontemlerine gore en biiyiik dezavantaji veri kiimesi olusturma maliyetidir. Denetimsiz
Ogrenme, etiketlenmemis verilerin belirlenen 6grenebilir mimariler tarafindan analiz edilmesi islemidir.
Denetimsiz 6grenme yardimi ile kiimeleme veya matris tamamlama problemleri ¢6ziilebilir. Denetimsiz
Ogrenme ile denetimli 6grenme karsilastirildiginda, denetimsiz 6grenmede veri kiimesinin etiket verisi
olmadigindan veri kiimesi daha hizli olusturulabilir. RL, dogrudan uygulanacagi ¢cevrede deneme yanilma
yontemi ile olusan 6diil veya ceza degerlerine gore 6grenebilir bir mimarinin egitilmesi iglemidir. RL,
robot kontrolii veya karmagsik kontrol problemlerini ¢dzmek i¢in kullanilabilir. RL, denetimli veya
denetimsiz 6grenme gibi bir veri kiimesine ihtiya¢c duymadigi icin diger yontemler ile kiyaslandiginda
daha maliyetsizdir.

RL’nin temeli Markov karar siirecine dayanmaktadir. Markov karar siireci, ayrik zamanda gelisen
skolastik olaylar1 anlik duruma (s) gore muhtemel eylem segeneklerinin (a) Odiillerini (Q(s,a) =
E[R(s,a)]). dinamik olarak hesaplayarak en iyi bir sonraki durumu (s") tahmin etme yaklagimidir [2].
Derin RL algoritmalari, Q(s,a) sonucunun tahmin edilerek a = argmax,Q(s,a’) islemini
gerceklestiren deger 6grenme (value learning) ve a =~ m(s) denklemini gerceklestirmeye calisan politika
O0grenme (policy learning) olmak iizere iki farkli grupta incelenebilir. Derin deterministtik politika
gradyan1 (deep deterministic policy gradiend-DDPG) literatiirde siklik ile kullanilan bir mimaridir [3-9].
Ornek olarak 27 serbestlik derecesine (degree of freedom-DoF) sahip bir insans1 robotun ug islevcisinin
hareketi sirasinda robotun dengesini saglama islemi verilebilir [3]. Diger bir ¢aligmada, 6zellesmis bir
DDPG mimarisi olan ikiz gecikmis DDPG yapis1 kullanilarak 5-DoF robot kolunun ters kinematik
¢oziimii yapilmustir [4]. 7-DoF bir robotun nesnenin ¢alisma uzayinda olup olmadigini algilama ve
calisma uzayinda olan bir nesneye dokunabilme islemi baska bir ¢alismada DDPG yapisi kullanilarak
gerceklestirilmistir [8]. Sadece eklemli robotlarda degil ayn1 zamanda dogrusal olmayan bir sistem olan
insansiz hava araci gibi sistemlerde irtifa kontrolit DDPG yardimu ile gergeklestirilmistir [9].

Ornstein—Uhlenbeck siireci (OUS), matematikten [10] enerjiye [11] kadar bir¢ok alanda siklikla
kullanilan skolastik tiirev iglemidir. Yapilan bir ¢alismada, OUS kullanilarak riizgar giiciiniin tahmini
calisgilmistir [11]. Bir diger c¢alismada, uzun donem tutarli hedef tahmini OUS yardimi ile
gergeklestirilmistir [12]. Robotik 6zelinde OUS incelendiginde, RL’de bulunan etken (agent) yapisinin
kesfi i¢in OUS kullanilmistir [13]. Ayrica, Cince kaligrafi robotu olusturulmasi sirasinda OUS bir giirtiltii
terimi olarak kullanilmigtir [14].

Yiriitillen bu calismada, DDPG algoritmasinda yer alan giiriiltii terimi olarak OUS kullanilmistir. Bu
giiriiltli teriminin standart sapmasi 8 farkli fonksiyon ile kontrol edilmistir. Olusturulan bu sistem ile cok
serbestlik dereceli bir robotun ters kinematik denkleminin ¢6ziimi saglanmigtir.

2. MATERYAL VE METOT (MATERIAL AND METHODS)

RL algoritmasi, etken (agent), ¢evre (environment), 6dil (reward- r), durum (state- s) ve eylem (action-
a) olmak tizere bes temel yap1 iizerine kurulmustur ve bu yapilarin bir birleri ile iligkisi Sekil 1°de
sunulmustur.

Etken Cevre

Yapay Sinir Ag1
p < Durum

= N
Odul
AGincelleme
> RL Eylem

[

Y

Sekil 1. Derin RL algoritmaswmin blok diyagrami
Derin RL algoritmalarinda, geleneksel RL algoritmalarinda bulunan Q tablolar1 yerine yapay sinir ag1
mimarileri kullanilmaktadir. Ayrik zamanda ¢alistig1 varsayilan RL sisteminin zaman indeksi t olmak
tizere, gozlenen durum degiskenleri x;, eylem a; ve 6diil r; olur. Durum s; = (xq,a4,...,Qr_1,X¢)
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seklinde gozlem ve eylem ciftleri halinde veya s; = x; gosterilebilir. Eylemin modele giris olarak
verildigi RL sistemlerine model tabanli RL denilirken aksi durum i¢in modelden bagimsiz RL olarak
adlandirilabilir.

Politika tabanli bir RL algoritmasinda, durum uzay1 (S), eylem uzayi (4) ve olasilik dagilimi (7: S —
P(A)) olarak tamimlanabilir. Bu algoritmalarda Markov yaklagimi kullanarak islem dinamigi
p(St+1lSe ar) ve odiil fonksiyonu r(s;, a;) olarak ifade edilebilir. Her hangi bir anda:

T

R, = Z Y Or(sy, ) 1

i=t

esitligi kullanilarak sadelestirilmis gelecek 6dilii hesaplanabilir [15]. Sadelestirme katsayisi (y € [0,1])
gelecek 6diil degerinin (R) sonsuza gitmesini engellemek i¢in kullanilmaktadir. RL algoritmasinin amaci
gelecek 6diil degerini olabildigince maksimum yapmaktir. Q deger fonksiyonu bu bilgiler 1s181nda:

Q(st,ar) = E[Ry] 2
seklinde ifade edilir. Denklem 2 ve Bellman denklemi kullanilarak:
Q" (st,ar) = E[r(se,ar) + vQ7(St+1,a't41)] = E[r(s, ar) + Q™ (St+1, 1(St+1))] 3
optimal Q" fonksiyonu elde edilir [16]. Hedef politika fonksiyonu z:S < Aolarak tanimlanir.

2.1. DDPG Algoritmas1 (DDPG Algorithm)

Deger 6grenme siireci ayrik zamanda calisip, siirekli zamanda yavas calistigindan dolayi gelistirilen
DDPG algoritmasi Tablo 1’de sunulmustur [16].

Tablo 1. DDPG Algoritmast

Elestirmen ag1 Q (s, a|0?) ve eylem agin1 u(s|6#) agirliklar1 69 ile O* baslat.
Hedef aglar1 Q' ve ' baslat ve 09 92 gt — gr agirliklar esitle.
Tekrar oynatma hafizasini1 RB baslat.
for iterasyon=1:M
Kesif icin giiriiltiiyii n baslat.
Ik durum verileri s;’i al.
for t=1:T
ay = p(scl0) +
1, Se+1 = Gevre(ar)
(St,ae, 7, Se1) = RB
RB’den N tane drnek al.
Vi = 10+ ¥Q (St i (5641164909
L= % > i(Yi — Q(s;,a;169))*fonksiyonunu minimize ederek elestirmen ag1 giincelle
Vor] = % Zi V,Q(si, u(5)))Vouu(s;|6*) gradyan kullanarak eylem agini giincelle

69 169 + 1- ‘L')QQ’ hedef aglarin agirliklarini giincelle
01 — 7* + (1 — )W

RL algoritmalarinin kesif ve somiirme olmak iizere iki temel 6zelligi vardir. Somiirme, ¢6ziim uzayinda
bulunan en iyi sonuca yakin daha iyi bir sonug¢ olup olmadigin1 arama 6zelligidir. Kesif 6zelligi ise ¢6zim
uzayinda bulunan en iyi sonuctan bagimsiz daha iyi bir sonucun olup olmadiginin incelenmesidir. Kesif
Ozelligi genetik algoritmadaki mutasyon evresine benzetilebilir. DDPG algoritmasinin yaymlandig
makalede kesif 6zelligi icin OUS kullanilmistir [16].
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2.2. Ornstein—Uhlenbeck Siireci (Ornstein—Uhlenbeck Process)

OUS, Denklem 4’te sunulan skolastik turev ifadesidir.

dn, = —0n.dt + odw; 4
Denklem 4’te n; durum degiskeni tiirevinin (dn,), hiz katsayis1 (6), standart sapma (o) ve Wiener
islemine (dw,) bagl oldugu goriilmektedir. Kayma katsayis1 (v) ve dn, = % ileri fark esitligi
kullanilarak:
Nesr = Ne + 0(v —n)dt? + ow, 5

Denklem 4 revize edilebilir. Wiener islemi:

1
() = = > Gwtelon]

1<ksnt

denklemi ile ifade edilir. Denklem 6°da kullanilan &, ortalamasi O varyansi 1 olan rasgele bir sayidir.
Yapilan ¢alismada w; yerine ortalamasi 0 varyansi 1 olan Gauss dagilimli beyaz giiriiltii kullanilmigtir.
Ayrica, 8, v ve dt sirasi ile sistemin maksimum ¢ikist (upper bound-ub) ub = "/18, 0 ve 10? olarak

secilmistir ve o olarak:

_ ub
_ ub
SSFZ—W 8
_ ub
SSF3—W 9
_ ub
_ub
ub )
W i <100 .
SSF6=4 ub . ,i=12,...,N 12
\T0(i/10)
U <100
SSF7 = 10 l i =1,2 N
=1\ ub . ,i=12,..., 13
10+/i
( ub o
102 i=1
SSF8 = <{ SSF8 ,i=12,...,N 14
LT mOd(l,ZSO):O
SSF8 DD

standart sapma fonksiyonlar1 (SSF) kullanilmistir. Denklem 12-14’te i, N ve DD sirast ile anlik iterasyon
numarasini, toplam iterasyon sayisini ve diger durumlar1 sembolize etmektedir.
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2.3. Sistemin Kinematik Modeli (Kinematic Model of System)

Hem standart sapma fonksiyonlarinin arastirilabilmesi hem de sistemin kolay anlasilabilmesi i¢in
yiiriitiilen bu ¢calismada Sekil 2°de sunulan 2 DoF diizlemsel robottan yararlanilmstir.

y A

Sekil 2. 2 DoF diizlemsel robot

0 ={6;,0,} € R ve K:R?*1 - R2*1 olmak iizere robot manipiilatdriiniin arag-merkez noktas: (tool-
center point-TCP) P = K(0) seklinde ifade edilebilir. K fonksiyonu sistemin kinematik modelini
sembolize etmektedir. Yapilan c¢alismada bu fonksiyon DH ydntemi ile elde edilmistir ve DH
parametreleri Tablo 2’de sunulmustur.

Tablo 2. 2 DoF Diizlemsel Robot DH Parametreleri

Eksen-i 6, d, a a
1 6 - 1,=0Im -
2 6, - 1,=0Im -
Elde edilen Tablo 2 ve:
Ti™' = Ry, 00Tz, (d)Tx, (@) Ry, (@) 15
K(w) =TT} 16

homojen déniisiim matrisi (T¢~1) kullanilarak sistemin kinematik modeli olusturulmustur. Denklem 15’te
bulunan Rgysen Ve Tgrsen Sirast ile eksene ait donme ve Steleme iglemlerini ifade etmektedir.

Yapilan bu galismada, DDPG algoritmas1 ile sistemin ters kinematigi olan w = K~1(P) esitligini
saglayan K~ fonksiyonun elde edilmesi amaglanmistir. Olusturulan bu sistemde 6diil denklemi:

r(Xrcp, Yrcp) XRer, YREF) = _\/(xTCP — xggr)? + Vrep — Yrer)? 17

kullanilmigtir. Denklem 17’de kullanilan (x7cp, yrcp) noktalari Sekil 2’de bahsedildigi {izere
manipiilatoriin arag-merkez noktasinin koordinatlarini ifade etmektedir. Bu koordinatlar RL’nin iirettigi
eklem acilart sayesinde gilincellenmektedir. (xggr, Yrgr) koordinati ise referans noktasimi temsil
etmektedir ve olusturulan ortam sayesinde robotun ¢alisma uzayinda bulunan noktalardan rasgele birinin
secilmesi ile belirlenmektedir.
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Yapilan ¢alismada, ilk olarak 1000 iterasyonda robotun calisma uzayina uygun olarak farkli rastlantisal
(xgrgr» Yrgr) noktasi belirlenmistir. Her bir iterasyon 200 adim ¢alistirilmistir ve elde edilen ddiillerin son
40 adima gore ortalamalar1 Sekil 3’te sunulmustur.

-5

Odal

500 600 700 800 900 1000

fterasyon

Sekil 3. Ortalama odiil degerleri

Farkli standart sapma fonksiyonlarina gore elde edilen Sekil 3, istatistiksel olarak Tablo 3 ve 4’te

incelenmistir.

Tablo 3. Ortalama Odiil Degerlerinin Ortalamalar: ve Standart Sapmalar

SSF (n)

Ortalama (X) Standart Sapma (SS)

SSF1 (n:1000)
SSF2 (n:1000)
SSF3 (n:1000)
SSF4 (n:1000)
SSF5 (n:1000)
SSF6 (n:1000)
SSF7 (n:1000)
SSF8 (n:1000)

-17.289
-16.246
-15.600
-17.253
-26.864
-15.388
-17.489
-15.125

5.520
4.622
5.413
3.518
1.695
4.903
4.549
4.976

Odiil degerlerinin genel ortalamas: yiikseldikce sistemin basaris1 artmaktadir. Biitiin gruplar istatistiksel
olarak Tukey ¢oklu karsilastirma testiyle karsilagtirilmistir. Bu testin kullanilma nedeni grup sayisinin
2’den fazla olmasi ve gruplardaki 6rneklem sayisinin esit olmasidir. Karsilagtirma sonrasinda SSF3-6-8
gruplarinmn diger gruplar ile aralarinda istatistiksel bir fark oldugu sonucuna varilmistir (p<0.05). Odiil
degerlerinin genel ortalamasi karsilastirma testi ile yorumlandiginda, SSF3-6-8 gruplarmin belirlenen
problemin ¢6ziimiinde diger gruplardan daha basarili oldugu goriilmektedir. SSF3-6-8 gruplarinin diger
gruplar ile istatistiksel olarak karsilastirilmasi Tablo 4’te sunulmustur.
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Tablo 4. Standart Sapma Fonksiyonlarinin Karsilastirilmast

SSF-11 SSF-J1 p(I1-J1) SSF-12 SSF-J2 p(I2-J2) SSF-13 SSF-J3 p(I3-J3)

SSF1  <0.05 SSF1  <0.05 SSF1  <0.05
SSF2  <0.05 SSF2  <0.05 SSF2  <0.05
SSF4  <0.05 SSF3  0.969 SSF3  0.278
SSF3  SSF5  <0.05 SSF6  SSF4  <0.05 SSF8 SSF4  <0.05
SSF6  0.969 SSF5  <0.05 SSF5  <0.05
SSF7  <0.05 SSF7  <0.05 SSF6  0.903
SSF8  0.278 SSF8  0.903 SSF7  <0.05

SSF3-6-8 diger standart sapma fonksiyonlarina gore istatistiksel olarak farkli ¢ikarken (p<0.05) kendi
aralarinda bir istatistiksel fark bulunmamaktadir. Bu sebepten dolay1 SSF3-6-8 2500 iterasyon ve 200
adim tekrar egitilmistir. Bu egitim sirasinda olusan 6diil ve ortalama 6diil grafikleri Sekil 4’te verilmistir.

0

5F

il 4‘

ot gl

Odul

| e Ortalama Odiil | |
|

|
|
|
|
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
fterasyon fterasyon

(@) (b)

-25

E 1|
_20 | il
i

Odul

| |
| |

0 500 1000 1500 2000 2500
Iterasyon

(©

Sekil 4. 2500 iterasyon egitim sonrasi odiil ve ortalama odiil degerleri; (a) SSF3 ile egitim sirasinda
olusan 6diil degerleri, (b) SSF6 ile egitim sirasinda olusan odiil degerleri, (c) SSFS ile egitim sirasinda
olusan odiil degerleri
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Elde edilen ortalama 6diil degerleri Tablo 5 ve 6’da sunuldugu iizere istatistiksel olarak incelenmistir.

Tablo 5. Ortalama Odiil Degerlerinin Ortalamalar: ve Standart Sapmalar

SSF (n) Ortalama (X) Standart Sapma (SS)

SSF3 (n:2500)  -13.332 3.693
SSF6 (n: 2500)  -13.605 3.618
SSF8 (n: 2500)  -14.075 3.362

Ortalama 6diil degerlerinin ortalamalar1 ¢ok yakin degerlerlerdir ve li¢ grup kendi aralarinda yeniden
Tukey karsilagtirma testine Tablo 6’da sunuldugu gibi tabi tutulmustur.

Tablo 6. Belirlenen Standart Sapma Fonksiyonlarimin Karsilagtirilmasi

SSF-I1 SSF-J1 p(I1-J1) SSF-12 SSF-J2 p(12-J2) SSF-13 SSF-J3 p(13-J3)

SSF6  <0.05 SSF3  <0.05 SSF3  <0.05
SSF3 SSF6 SSF8

SSF8  <0.05 SSF8  <0.05 SSF6  <0.05

Karsilastirma testinde ii¢ grup birbirlerinden istatistiksel olarak farkli ¢ikmistir (p<0.05). Bu deney
stirasinda olusturulan giiriiltii Sekil 5’te sunulmustur.

003f——— — — ————— T ———— r————
‘ ‘ —— ssr3 | |
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Sekil 5. Olusturulan giiriiltiiler

Yiriitiilen bu ¢alismada bulunan yapay sinir aglar1 grafik islem birimi (graphic processor unit-GPU)
vasitasi ile egitilmistir. SSF3’{in egitildigi PC o6zellikleri; 2 ¢ekirdekli Intel Xeon CPU 2.00GHz,
12.72GB RAM, 147.15GB disk hafizas1 ve GPU olarak Nvidia Tesla V100-16GB-5120 Cuda- 640
Tensor ¢ekirdegidir. SSF6 ve 8’in egitildigi PC ozellikleri; 2 cekirdekli Intel Xeon CPU 2.00GHz,
12.72GB RAM, 147.15GB disk hafizas1 ve GPU olarak Nvidia Tesla P100-16GB-3584 Cuda
cekirdegidir. SSF3-6-8’in egitim siireleri sirasi ile 3335.451s, 2871.760s ve 2908.519s’dir. Bu ii¢ SSF ile
egitilen yapilar egitim asamasina benzer sekilde 100 farkli referans noktasi igin test edilmis, her bir test
i¢in olusan hata Denklem 18 kullanilarak hesaplanmis ve bu testler sirasinda olusan minimum hatalar
Sekil 6’da gosterilmistir.
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Sekil 6. Test hata sonuclari

Sekil 6°da sunuldugu iizere ¢ok serbestlik dereceli K~1 fonksiyonu ii¢ farkli SSF fonksiyonu yardimiyla
minimal hatali olarak elde edilmistir.

4. SONUC (CONCLUSION)

RL, dogada sikilikla kullanilan bir 6grenme yontemidir. RL’ye dogal bir 6rnek olarak bir ¢itanin herhangi
bir Ogreticisi olmadan dogumundan saatler sonrasinda yiiksek hizla kosmasi verilebilir. Yapilan bu
calismada yapay sinir aglarmin 2 DoF diizlemsel robotun ters kinematigini 6grenmesi igin bir ¢evre
olusturulmustur. Olusturulan bu sistem igerisinde bulunan yapay sinir aglari (elestirmen-eylem) DDPG
algoritmasi yardimi ile egitilmistir. Bu egitimler sirasinda DDPG algoritmasinda bulunan giiriiltiiniin
standart sapmasinin aragtirilmasi i¢in 8 farkli standart sapma fonksiyonu belirlenmistir. Belirlenen bu
standart sapma fonksiyonlari, 1000 iterasyon ve her iterasyonda 200 adim olacak sekilde egitilmistir.
Egitim sonras1 gruplar arasi farka bakilmig ve en iyi ti¢ standart sapma fonksiyonu 2500 iterasyon-200
adim egitilmistir. Bu egitimlerde SSF3 kullanilan egitimde Tesla V100, SSF6-8’de Tesla P100 GPU
kullanilmistir. V100 GPU gerek islemci saatleri gerekse hem fazla sayida hem de farkli mimaride bulunan
cekirdekleri ile P100’den 3 kat daha hizlidir. Buna ragmen SSF3 3335.451s ile en ¢ok vakit alan egitim
stiresine sahiptir. Diger iki fonksiyon ise bire bir ayni &zelliklere sahip PC’lerde egitilmis ve SSF6,
SSF8’den 36.759s daha hizli egitilmistir. Hem olusturulan giiriiltiiler (Sekil 5) hem de Denklem 9-12-14
incelendiginde SSF3 siirekli rejime sahip bir giiriiltii iken SSF6 ve 8 sifira yakinsayan giiriiltiilerdir. Bu
sebepten dolay1 egitim siiresinde farkliliklar olustugu diisiilmektedir. Egitim performansi olarak Tablo 5
ve 6’da gorildigi tizere ii¢ grup istatistiksel olarak farklidir. Test hata sonuglar1 (Sekil 6) incelendiginde,
SSF6 ile egitilen yapay sinir aglarmin test sirasinda en diisiik hata iireten sinir ag1 oldugu sonucu
cikarilabilir. Bu sebeplerden dolay1, ¢6ziilmesi planlanan 2 DoF diizlemsel robotun ters kinematigi i¢in en
uygun standart sapma fonksiyonu, SSF6’dir. Yapilan bu ¢alisma sayesinde, sistem dinamigi i¢ermeyen
benzer problemlerin ¢6ziimii i¢in dogrudan belirtilen SSF3-6-8 kullanimi arastirmacilarin ¢alismalarina
hiz kazandirabilir. Gelecek caligmalarda, farkli giiriiltii denklemlerinin farkli sistemler iizerine etkisi
aragtirilacaktir.
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Security Socket Layer (SSL) / Transport Layer Security (TLS) protocols are utilized to secure
network communication (e.g., transmitting user data). Failing to properly implement SSL/TLS
configuration during the app development results in security risks. The weak implementations
include trusting all host names, trusting all certificates, ignoring certificate verification errors,
even lack of SSL public key pinning usage. These unsecured implementations may cause Man-
In-The-Middle (MITM) attacks. The major aim of this research is to detect configuration errors
of SSL/TLS implementation in Android apps. It consists of the common use of existing open
source tools in the static analysis phase and the combination of manual method in the dynamic
analysis phase. During the static analysis phase, dynamic analysis of the findings obtained by
scanning four types of vulnerabilities is used to verify the abuse status of SSL/TLS by testing.
The dynamic analysis is essential for eliminating false positives generated at the static analysis

stage. We analyze 109 apps from Google Play Store and the experimental results show that 45
(41.28%) apps contain potential security errors in the application of SSL/TLS. We verify that 19
(17.43%) out of 109 apps are vulnerable to MITM attacks.

1. INTRODUCTION

In recent years with the wide usage of smartphones, we have used many mobile applications in our daily
life. Along with these developments, people start using smartphones instead of traditional desktop
computers. The number of smartphone users worldwide today surpasses three billion and is forecast to
further grow by several hundred million in the next few years [1]. Today, the leading smartphone vendors
are Samsung, Apple, and Huawei. As of the second quarter of 2017, Android drives the worldwide
market with an 87.9 percent piece of the overall industry, while Apple's iOS is second. Android is
likewise the frequently utilized working framework for tablet PCs around the world, with a 66 percent
portion of the worldwide market in 2016 [2]. The number of accessible applications in the Google Play
Store was most as of late set at 2.7 million applications, in the wake of outperforming 1 million
applications in July 2013. Google Play was initially dispatched in October 2008 under the name Android
Market. As Google's authentic application store, it offers its clients a range of applications and advanced
media, including music, magazines, books, film, and TV [3]. Most apps use SSL/TLS protocol to transmit
sensitive and its authentication data.

The primary motivation behind SSL is to provide end-to-end security against active attackers and third
parties. Regardless of whether the system is entirely compromised, SSL is utilized to ensure
confidentiality, integrity, and authenticity for communications between the client and the server.
Authenticate to the server is a crucial part of SSL/TLS connection establishment. This authentication
occurs during the SSL handshaking phase, while the server is sending its public-key certificate. To ensure
that encrypted traffic is secure, the client-side application or operator must verify that this certificate has
been issued by a valid certificate authority, has not expired (not been revoked) and the name(s) included
in certificate match(es) the name of the domain that the client is trying to connect, and other connection
checks for security [4].
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There exist related work on inappropriate implementations of SSL/TLS in Android applications. A couple
of studies [5-7], analyze issues with SSL warnings in their browsers but not inside of apps. These types of
errors on SSL/TLS implementations cause MITM attacks on mobile environments. Fahl et al. [8], first
raise this issue and developed an analysis tool called Mallodroid that detects vulnerabilities by using static
code analysis. Then, the authors choose 100 of these vulnerable apps to perform dynamic analysis. The
shortcoming of the methodology is that it requires manual confirmation of related vulnerabilities. Besides,
they worked on an old version of Android OS. Sounthiraraj et al. [9] developed a tool called SMV-
HUNTER that represented automated analysis of Android devices on this issue. They tested applications
and libraries of SSL functionality on mobile devices running Android 2.3.6 and an iPad 2 running iOS
4.2.1 in the study. Yang et al. [10] performed only SSL/TLS error-handling vulnerability in hybrid web
applications but did not deal with other codes that contain vulnerability of SSL/TLS verifications. Wang
et al. [11] developed a static & dynamic analysis tool called DCDroid to detect SSL/TLS certificate
verification vulnerabilities in Android apps. The shortcoming of the approach is that the authors
performed dynamic analysis on Android 6.0 version but the publicly available latest Android version is
Android 9.0 Pie in 2019.

In this study, we aim to detect configuration errors of SSL/TLS implementation in Android apps. We also
checked whether the applications have certificate pinning in SSL/TLS validation mechanisms. We
combine some open source tools for the static analysis phase and propose a model with the dynamic
analysis phase. These apps cover a range from productivity, entertainment to public institutions. In
summary, this paper makes the following contributions:

- We performed our study by using the Android 9.0 Pie version that is the latest version of Android
released for major mobile devices in 2019. Due to using the latest version of Android OS, we
planned to study on latest conditions of SSL/TLS implementations.

- We systematically studied vulnerabilities of SSL/TLS misconfigurations by combining some
open source tools.

- We also checked whether or not SSL certificate pinning was used in applications during the static
analysis phase.

- We choose apps according to ranks and categories.

The paper is organized as follows. Section 2, gives background information on how SSL is used in
Android apps and how MITM attacks it can perform. In Section 3, we introduce the research statement
and some challenges. In Section 4, we shared static and dynamic analysis processes and detailed
information about them. In Section 5, we describe the data sets and give our experimental results. In
Section 6, we discuss the limitations of our analysis. In Section 7, we conclude this paper and discuss the
results.

2. BACKGROUND

In this section, we give the information of SSL/TLS in Android environment, Android Ul and details of
Man-in-the-middle attacks.

2.1. SSL/TLS InAndroid

SSL presently in fact known as TLS is a typical structure obstruct for encrypted communications among
endpoints and servers. It is conceivable that an application may utilize SSL inaccurately to such an extent
that malicious parties might have the option to block an application's information over the system. To
enable you to guarantee this does not occur to your application, android applications have some features
the basic pitfalls when utilizing secure system conventions and addresses some bigger worries about
utilizing Public-Key Infrastructure (PKI) [12].

In a typical SSL usage scenario, a server is arranged with an endorsement containing an open key just as a
coordinating private key. As a feature of the handshake between an SSL customer and server, the server
demonstrates it has the private key by marking its authentication with open key cryptography. However,
anybody can produce his or her own certificate and private key, so a simple handshake does not
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demonstrate anything about the server other than that the server realizes the private key that matches the
open key of the endorsement. One approach to tackle this issue is to have the customer have at least one
testament it trusts. There are a few drawbacks to this basic methodology. Servers ought to able to move
up to more grounded keys after some time (key rotation), which replaces the open key in the
authentication with another one. Lamentably, presently the customer application must be refreshed
because of what is a server design change. This is dangerous if the server is not under the application
engineer's control, for instance on the off chance that it is an outsider web administration. This
methodology likewise has issues if the application needs to converse with self-assertive servers, for
example, an internet browser or email application. To address these drawbacks, servers are ordinarily
designed with testaments from understood guarantors called Certificate Authorities (CAs). The host stage
mostly contains a rundown of surely understood CAs it trusts. As of Android 4.2 (Jelly Bean), Android at
present contains over 100 CAs that are refreshed in each discharge.

Network Security Configuration was introduced on Android 7 and lets apps customize their network
security settings such as custom trust anchors and Certificate pinning. At the point when applications
target API Levels 24+(Android OS 7 and above) and are running on an Android device with versions 7+,
they utilize a default Network Security Configuration that does not trust client provided CA's, decreasing
the plausibility of MITM attacks by tricking clients to install malicious CA's [13].

With Android 9.0, they have made some changes and improvements to TLS validation mechanisms. RFC
2818 depicts two techniques to match a domain name against a certificate-utilizing the accessible names
inside the Subject Alt Name (SAN) extension, or without a SAN extension, falling back to the Common
Name (CN) [4]. Nonetheless, the fallback to the CN was deplored in RFC 2818. Therefore, Android
never again falls back to utilizing the CN. To check a host-name, the server must present a certificate with
a matching SAN. Declarations that do not contain a SAN matching the host-name are never again trusted
[15].

After briefly explaining the working logic of SSL/TLS structure, we can talk about why certificate
validation errors occur on devices using the Android operating system. Android OS has a self-defined
SSL/TLS authentication and routing mechanism that does not invoke any vulnerability if properly used.
However, there are many vulnerabilities because application developers do not properly configure their
applications on related SSL/TLS libraries and classes [15]. To mention these situations;

- Trusting all certificates with X509TrustManager

- Improper check of domain name with Hostname Verifier

- Method for accepting all domain names (Allow_All_Hostname_Verifier)

- Ignoring SSL / TLS validation error when received with onReceivedSslerror()
- Lack of SSL Certificate Pinning.

2.2. Android User Interface And Navigation

Application’s Ul is everything that the client can see and cooperate with. Android gives an assortment of
pre-fabricated Ul parts, for example, organized format articles and Ul controls that enable you to
construct the graphical Ul for your application. Android likewise gives other Ul modules to unique
interfaces, for example, exchanges, notices, and menus. An application can contain one or more Activity.
These Activities are located in the AndroidManifest.xml file inside the application's apk file and start with
Main Activity. It manages the view and windows. Therefore, in the dynamic analysis section, it is
necessary to make audits with the help of the user interface to see which situations are causing the
vulnerability.
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2.3. Man-In-The-Middle-Attack (MITM)

MITM is a general term for when a perpetrator positions himself in a discussion between a client and an
application-either to spy or to mimic one of the gatherings, causing it to show up as though an ordinary
trade of data is in progress. There are many methods of attack in the intermediary and the means of attack
used in these methods. However, if we examine the situation according to our SSL / TLS application, if
the client cannot properly validate the certificate of the website or application to which it is linked, or if it
contains some weaknesses in this approval mechanism, then the attackers may intervene and examine the
traffic.

3. PROBLEM STATEMENT AND CHALLENGES

In this section, we introduce the major challenges in this work.

With Android 7.0, they have made some changes to the TLS validation and operation mechanism. With
these changes, applications no longer rely on custom CAs added by the user or admin. Then, it is no
longer possible to intervene with user-added CAs and monitor traffic during the dynamic analysis phase
of applications. There are two ways to overcome this situation: it will both change the contents of the
network_config.xml file and re-compile the application, or you will need to access the mobile device with
root rights in the emulator and then import from Proxy’s Certificate to trusted root certificates. However,
many applications will not work when you compile again.

Since we will test the weak codes, we found in the static analysis section; it is not always possible to all
of the weak codes in the static analysis section. For this reason, we have chosen the most widely used
open-source applications in the market during static analysis and compared them. These are Androbugs
[16] and, MobSF [17]. We improve that we can compare the output of at least two different open source
tools and achieve better results.

In Dynamic analysis, especially Turkish Public institutions, apps have contained Turkish characters.
Therefore, we could not read text box and view output properly from related applications. For this reason,
we had to do the tests of Turkish applications manually.

To reproduce automated testing, we first need to comprehend the Ul components on the present screen
and give the activity of the essential components, for example, content boxes need to info content, radio
boxes need to check. Besides, after that, we select the interface components with acute need to snap as per
the aftereffects of static examination. Existing tools are not compatible with Ul automation, such as
Monkeyrunner [18], whose execution does not have any purpose and not suitable for exact clicks, so it is
hard to trigger intended code. Some other automation tools, such as FlowDroid [19] and DroidScope [20],
can find method call relations, but cannot trigger dynamically potentially vulnerable codes.

4. ANALYSIS PHASE

In the model that is presented as Figure 1 we propose, applications are subjected to static analysis first.
We used two different open source tools (Androbugs and MobSF) for static analysis. With the help of
these tools, we analyzed the results and examined the results. From the results of static analysis, we
determined what the weak codes are. More importantly, we have identified which type of vulnerability
the application contains. For example, does the application include SSL/TLS validation vulnerability or
does not pause the operation when the SSL/TLS error is received, allowing the connection. We tried to
detect such outputs in the static analysis stage. Then in dynamic analysis, we tested the outputs from the
static analysis at runtime with the help of ADB [21] and AndroidViewClient [22]. We tried to test the
weak codes that we found in the static analysis step by using AndroidViewClient in the dynamic analysis
step with Culebra [23], automation scripts. AndroidViewClient is a 100% pure python library and
apparatuses that disentangles test content creation and android test automation, giving higher level tasks
and the capacity of acquiring the tree of Views present at any given moment on the device or emulator
screen and perform activities on it.
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Figure 1. Testing model
4.1. Static Analysis

In this section, we explained the steps of the static analysis.
4.1.1.TestingAppsBy Open-Source Tools

The process of static analysis starts with the process of decompile the application and convert it to source
code. Decompiling process is mandatory whether using automated tools or using manual methods. In this
work, we used two different open source tools, and these tools are used to automatically manage the
decompile processes.

4.1.2. Source Code Analysis

SSL/TLS Implementation Checking: If it is not properly checked, It causes SSL/TLS verification error.
In this topic, our tools checks whether the following methods exist and their results.
ALLOW_ALL_HOSTNAME_VERIFIER or AllowAllHostnameVerifier, getinsecure()  within
SSL CertificateSocketFactory and SSLSessionCache methods.

SSL/TLS Certificate Verification Checking: If it is not properly checked, it may allow self-signed,
expired or mismatch CN certificates for SSL/TLS connection. Those are vulnerable methods;
"checkClientTrusted", "checkServerTrusted", "getAcceptedIssuers” methods within "X509Certificate"
and functions with blank implementation.

SSL/TLS Certificate Pinning Checking: Certificate pinning is done by providing a set of certificates by
hash of the public key (SubjectPublicKeylInfo of the X.509 certificate). A certificate chain is then valid
only if the certificate chain contains at least one of the pinned public keys. If certificate pinning is set, the
“res/xml/network_security config.xml” file contains the hash of the public key of the certificate. When
the pinning process is activated, the application will now be able to compare the hash of the public key of
the server to which it is connected in SSL / TLS connections and the hash it has pin in the
network_security_config.xml file to determine whether there is an attacker in the middle.

WebViewClientonreceveidSSLerror checking: First, the Webviewclient class is searched for the existence
of the class, and then the onReceivedSsIError method is searched from these classes. This method has two
different instructions, one of which ends with proceed (), method in which the connection is resumed
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even if the SSL connection fails. Therefore, this method and the detection of the outputs reveal the
existence of weakness.

4.2. Dynamic Analysis

In this section, we explained the steps of dynamic analysis.

4.2.1. Device Management

We used the Android Emulator virtual device from within Android Studio because it is difficult to find
devices at every API level. We also thought that the emulator would make our job easier in case of
problems during the tests. While the emulator environment crashed during the tests, we would quickly fix
the problem with restart. We have connected emulator devices with ADB tools. Afterwards, we installed
the applications to be tested and started our dynamic tests in the Ul automation section.

4.2.2. User InterfaceAutomation

User Interface Automation is an important and necessary step for dynamic analysis. Because speeding up
this analysis with the help of some scripts and making it more regular will help us get the results faster
and help us to minimize user errors.

When an application runs, it is necessary to read all the elements on the screen and remove the
corresponding attributes. These attributes are buttons, text boxes and other input areas. After the
information is obtained this system should be able to run the appropriate events according to the elements
collected so that Activity can jump from one to another. For example, we used AndroidViewClient to
manage the components we would like to manage, elements to call from the User Interface, create
appropriate events, and execute the application.

4.2.3. Setting Proxy

To simulate SSL / TLS MITM attack, it must intercept all traffic between client and server. At this stage,
we used two different proxy tools. We used the Burp Suite Community Edition [24], the most widely
used and most stable tool in the field, to verify certificate pinning conditions. With Android 7.0, the
Android device does not trust the certificates installed by the user or admin. For this reason, it is not
possible to intercept the SSL /TLS traffic without performing any certificate operation. For this reason,
we must first install the self-signed certificate or another self-signed certificate of the proxy settings to the
Android emulator using ADB tools. In the meantime, you need to upload the proxy's certificate to the
trusted-roots certificates field. To do this, you need to have root rights on the device. With the help of
ADB tools on the emulator devices, we access the root rights and import the certificate of the proxy. For
other tests, we used the Mitmproxy tool [25]. The purpose of using this tool, unlike other proxy tools,
Mitmproxy tool can inject fake certificates on the fly and do this after analyzing the remote server’s
certificate. When we perform our tests importing no certificates, we can say that the applications where
HTTPS traffic can be seen are vulnerable.

5. EXPERIMENTAL STUDY

In our experimental study, for static analysis a Kali [26], machine is installed in VMware workstation and
Androbugs Framework and MobSF are installed. For dynamic analysis, we have one Windows 10
computer, Android Studio, Android Virtual Device Manager (AVD) and Android 8.0 Oreo, Android 9.0
Pie emulated device installed. In addition, Python 2.7 and ADB tool are installed to be run
AndroidViewClient on this computer.

5.1. Dataset

Our dataset was selected on the original Android Play Store. When selecting the 109 applications, it was
decided according to the download rates and popularity. These applications also include applications in
public institutions in Turkey. The reason for this, as public institutions in Turkey to determine whether to
take this type of application to take precautions against an attack and is to reveal the security features of
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the application. In addition, many categories of applications have been selected from productivity to
business applications, entertainment to dating applications. In addition, applications over 80M are
excluded from the scope due to the data size on emulator.

5.2. Static Analysis

During the static analysis process, we conducted tests using apk files of the applications with the help of
two different open source tools. The results of the static analysis process are summarized in Table 1.
These results show that 45 (41.28%) of 109 apps contain potentially vulnerable code.

Table 1.Static Analysis Data

Google Play Store

Count | Percentage
Potential Vulnerable Apps 45 41,28%
Free from these type of vulnerabilities |64 58,72%
Total Apps 109 [100%

Besides, 64 apps do not contain vulnerable codes that we have defined. These applications were removed
in the emulator environment after the static analysis process and disk space was cleaned.

5.3. Dynamic Analysis

During the dynamic analysis phase, we installed our applications in the emulator environment. We run
code that may contain potential weaknesses and examine the results. Dynamic analysis results were
summarized in Table 2. These results show that 19 (42.22%) of 45 apps are vulnerable for SSL/TLS
attacks.

Table 2.Dynamic Analysis Data

Google Play Store

Count | Percentage
Vulnerability Confirmed |19 42,22%
Vulnerability Free 26 57,78%
Total Apps 45 100%

6. LIMITATION OF OUR ANALYSIS

Our proposed model performs automatic detection of SSL/TLS implementations and verifications errors
and vulnerabilities, including the guidance of static and dynamic detection. However, there are still many
limitations of our model.

In the static analysis phase, we used two different open source tools (MobSF, Androbugs). Using this
type of tool has some advantages and some limitations. For example, in our study, the tools cannot
control the Certificate Pinning condition. Therefore, we checked this condition manually from the source
code. In other cases in static detection, we check source code of applications by decompiling with our
open-source tools. We realized that in some conditions our open source tools classified applications as
vulnerable by finding on source code that includes using the creating your X509Certificate class API
instead of existing APIl. We also suggest existing API, otherwise, we cannot say that your apps are
vulnerable.

Considering the overall study, the codes found in the static analysis were tested in dynamic analysis.
There may also have been human errors because of our inability to automate this data transfer situation.

7. CONCLUSION

In this study, we propose a model to detect the configuration errors, vulnerabilities, and coding issues on
SSL/TLS implementations. We analyzed 109 apps from Google Play Store. Our experimental results
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show that with static analysis 45(41.28%) apps contain potential vulnerabilities in the implementation and
verification of SSL/TLS and with further dynamic analysis 19 (42.22%) of 45 apps are verified as
vulnerable MITM attacks. We also used this model to analyze vulnerable apps, including categories, rank,
and public institutions. In the future work, we are going to model to automate data transfer from static
analysis codes to dynamic analysis environment and we are going to add an extension to be check the
Certificate Pinning situation in the static analysis phase.
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A virtual MCA (Multichannel Analyzer) was developed via a software in the computer
Research article environment to display a spectrum for radiation detection experiments. A pulse generator that
Received:22/02/2021 substitutes for a particle detector was used to supply the signals to be analyzed in the MCA. The
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Accepted-20/04/2021 pulses from the generator were analyzed by a virtual MCA and a real MCA. Channel numbers

and the number of counts in these channels, and the total counts obtained from the virtual MCA
and the real MCA were compared with each other. For comparing of the number of counts, data
Keywords were accumulated in different acquisition times. After comparison of the results, it was
observed that the virtual MCA was quite successful as well as a real MCA. It was concluded
from the introduced work that the developed virtual MCA would be able to use in a radiation
detection system like a real one.

Virtual MCA
Real MCA
Pulse Processing

1. INTRODUCTION

Virtual instrumentation refers to the use of computers and workstations, in combination with data
collection hardware devices and virtual instrumentation software, to construct an integrated
instrumentation system [1]. In test and measurement areas, virtual instrumentation has been widely
adopted [2]. With virtual instruments, engineers and scientists build measurement and automation
systems that suit their needs exactly instead of being limited by traditional fixed-function instruments [3].

Nuclear DSP (Digital Signal Processing) systems are commonly realized by the virtual instrumentation
technique which is performed in LabVIEW graphical programming environment [4].

LabVIEW is a fully functional graphical programming language which offers a variety of features that
simplifies the development of sophisticated applications for control, instrumentation, and data acquisition
[5]. Using LabVIEW utilization of virtual instrumentation was possible in electrical engineering
applications [6], prototype design in cardiac systolic function [7] and teaching-learning process in
engineering [8].

The particles with different energies from a radioactive source generate electric signals with different
amplitudes in a radiation detector. However, pulse generators are used to generate the pulses with
different amplitudes, shapes, frequencies and so on. For this reason, a pulse generator was used here to
stand for the detector signals without any radiation exposure.

Devices which sort out incoming pulses according to pulse heights and keep the number of counts at each
height in a multichannel memory are multichannel analyzers (MCA) [9]. They take their input from an
analog amplifier and digitize the incoming pulse heights placing the accumulated data into the memory
and displaying this pulse height distribution in a histogram [10]. With this specification, they use to
acquire the energy spectrum of the incident particles from a radioactive source to a detector.

*Corresponding author, e-mail: gozdetektas@hotmail.com DOI: 10.29109/gujsc.884948
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In the literature, multichannel pulse height analyzer using field programmable gate array (FPGA) was
described by Newton, Ghadigaonkar and D’souza. A graphical user interface was designed using
LabVIEW [11]. For nuclear spectroscopy system, a MCA that uses the analog to digital converter (ADC)
of a sound card was developed through LabVIEW program [12]. Cao et al. designed a multi-channel and
time-division pulse height analyzer based on PXle bus using 16 bit ADC and FPGA for hard X-ray
diagnostic [13]. A FPGA-based digital gamma spectrometer was developed by Liu et al. [14]. For gamma
spectroscopy, a systematic literature review of MCA based on FPGA was given by Susanto et al. [15]. An
online digital signal processing system based on an FPGA was developed by Kim et al. The system was
tested for gamma rays from ¥’Cs [16]. An environmental gamma spectrometry system was developed by
Mitra et al. An in-house designed and developed FPGA based MCA was used [17]. Digital multi-channel
analyzer implemented on FPGA was designed by Thuraka, Ganesh and Prakash et al. [18].

In this study, it was aimed to develop a virtual MCA through LabVIEW program in a computer
environment. Its specifications (such as count of the pulses) are performed by the software. The data were
acquired through a digitizer to the virtual MCA, and a code was written for this data acquisition different
from the other referenced works. Pulses acquired from a pulse generator were processed with the virtual
MCA and the real MCA. It was investigated whether channel numbers and the number of counts in the
virtual MCA were compatible with those of the real one. Thus, the developed virtual MCA was tested
whether it would be able to used instead of the real MCA or not.

2.MATERIALS AND METHODS

In the present study, a virtual MCA was developed via LabVIEW software in the computer environment
in order to use it for a radiation detection experiment to accumulate and analyze the detector signals. In
the virtual MCA, the processes such as displaying the spectrum, determination of the number of counts
were performed by a written code using the software functions. A part of the block diagram of the virtual

MCA is given in Figure 1.
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Figure 1. A part of the block diagram of the virtual MCA

The channel numbers and the number of counts in these channels, and the total counts acquired from the
virtual MCA were compared with those of a real MCA (ORTEC TRUMP 8Kk). For this comparison, a
pulse generator (ORTEC 419) and an amplifier (ORTEC 485) were used. The pulse generator generates
the pulses like a detector output signals. It simulates the detection of a nuclear particle reaction in a
semiconductor or scintillation radiation detector, as well as serving as a specialized pulse generator for
use with pulse processing instrumentation [19].The amplifier is a general-purpose amplifier that allows
operation with semiconductor detectors and scintillation detectors in a wide variety of applications [20]. It
has coarse and fine gain switches. The pulses acquired from the generator were sent to the input of the
amplifier. After the pulses were amplified by the amplifier, the output pulses were processed by the
virtual MCA through a digitizer (NI 5133), and the real MCA. A block diagram used for the
measurements can be seen in Figure 2. The pulses with the frequency of 50 Hz were used in the
measurements.
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Figure 2. A circuit schema for the measurements

2.1. Comparison of the Channel Numbers

To compare the channel numbers of the virtual and real MCAs, the coarse gain value of the amplifier was
changed from 2 to 64, and the channel numbers with maximum counts of the accumulated spectra were
displayed in both MCAs. The fine gain value of the amplifier was adjusted to 5, which is the mid value,
and kept constant, and the acquisition time was 100 s during this process. Thus, we tested whether the
placesof the pulses from the generator, which means channel numbers, were the same in both MCAs.

2.2. Comparison of the Counts

The acquisition time was changed to test whether the total counts obtained from both MCAs were
compatible with each other. So, it was adjusted to 50, 100, 200 and 300 s. Each measurement was
repeated three times to sensitively determine the number of counts for each time value. The counts from
both MCAs were accumulated, and their averages were compared with each other.

3.RESULTS

For each value of the coarse gain, the channel numbers and the number of counts in these channels are
given in Table 1 for both MCAs.

Table 1. Channel numbers and the number of counts in these channels in both MCAs

Real MCA Virtual MCA
Coarse Gain Channel Number  Counts Channel Number Counts
2 15 4996 15 4034
4 31 4997 31 2715
8 62 5000 62 4193
16 84 4989 83 3918
32 169 4331 169 3286
64 341 4031 340 1827

A certain channel number shifts as the gain value of the amplifier increases in the MCA spectrum. In
order to check this shift versus coarse gain values, and to compare the spectrum shapes for the different
coarse gain values, obtained spectradisplayed in both MCAs for 8 (min.) and 64 (max.) settings of the
coarse gains were given. For these coarse gain values, the displayed spectra are presented in Figures 3 and
4.
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Figure 3. Spectrum shapes for min. (8) setting of the coarse gain in (a) the real MCA and (b) the virtual
MCA
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Figure 4. Spectrum shapes for max. (64) setting of the coarse gain in (a) the real MCA and (b) the virtual
MCA

To test the total count performance of the virtual MCA, the pulses from the generator were accumulated
in both MCAs through the amplifier. Accordingly, the averages of recorded total counts from both MCAs
are also shown in Table 2 for different acquisition times. The coarse and fine gain values were fixed to 32
and 5 respectively which they are mid ranges of the scales.

Table 2. Average counts obtained from both MCAs for different acquisition times

] Real MCA Virtual MCA
Time (S)
Average Counts Average Counts
50 2499 +0.577 2501 +0.667
100 4998 + 0.000 5001 £0.333
200 9995 + 0.882 10001 + 0.882
300 14992 + 0.882 15001 £0.577

It was observed that the counts obtained from the virtual MCA increased, as expected, when the
acquisition time was increased.

4.CONCLUSIONS

In the present study, a virtual MCA was developed via software to be able to use it in a radiation detection
experiment. The spectra of a pulse generator were displayed by the virtual and real MCAs. The channel
numbers of the spectra versus different gain values, the number of counts acquired for different
acquisition times were obtained from both MCAs, and they were compared with each other to test the
performance of the virtual MCA.

As can be seen in Table 1, channel numbers and the counts in these channels in response to different gain
values from the virtual MCA and the real MCA were quite compatible with each other. When the coarse
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gain value was increased, the spectra in both MCAs were normally shifted to the right, i.e. the higher
channel number, because of amplitude increment. While amplitudes of the pulses are determined by the
software function in the virtual MCA, this process is performed via the internal electronic circuits in the
real MCA. So, the amplitudes of the pulses from the generator were determined in different procedure by
both MCAs. For this reason, the pulses were recorded in the different channels in both MCAs, and the
counts in these channels were normally not same with each other.

Even though the peak heights, i.e. the number of counts, in the peaks Figures 3 and 4 seem different from
each other, they in fact have almost same heights as indicated in Table 1; the difference is due to the
appearances of the figures. It can be deduced from the figures that the spectrum shapes displayed in the
virtual MCA were rather compatible with the shapes of the real one.

In addition to above, the average counts in different acquisition times acquired from both MCAs were
compatible with each other as shown in Table 2. As stated above, the difference of the counts stems from
the acquisition procedure of both MCAs.

A while loop was used in the developed code for the virtual MCA.The while loop executes the code it
contains until a condition occurs [21]. LabVIEW timer functions use the operating system timers.If the
timer function is used to control a loop, differences in the time intervals between each iteration of the loop
can be expected depending on the speed of the Central Processing Unit (CPU) of the computer. In
addition, several opened windows in the operation system act the while loop speed, affecting the data
acquisition performance [22]. For this reason, the number of iteration of the while loop will be different
for the same acquisition time. This is the reason why the differences in the total counts were observed in
each measurement for the same acquisition time. Furthermore, we could not learn the error sources for the
real MCA although we asked the producing company; so, we inferred that its operation procedure details
might be confidential. However, as can be seen in Table 2, the errors in the counts obtained from both
MCAs were very few.

Consequently, it was deduced from this study that the developed virtual MCA could be used to display
the spectrum, to accumulate and record the counts in this spectrum in different acquisition times like a
real MCA. Our next work will be on the acquisition the spectrum by the virtual MCA using the detector
output signals in a radiation detection setup.
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In order to obtain a neat gamma spectrum, two spectrometers were examined for the
Research article discrimination of the low-energy part of the ¥’Cs gamma-ray spectrum which has electronic
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While implementing the process, a constant fraction discriminator (CFD) and a pulse shape
analyzer (PSA) devices were used separately. Obtained spectra from the spectrometers were

Keywords compared with each other. To perform an exact comparison, partial and complete discrimination
processes were realized. After the comparison, it was concluded that the discrimination process
gf(gma-fay spectroscopy through the spectrometer with PSA device was more successful than that of the other one. It

was suggested that the PSD method using the PSA device would give a clearer gamma

Nal(TI L. AT
almh spectrum when accumulating it by a Nal(Tl) scintillation detector.

Puls shape discrimination

1. INTRODUCTION

Energy spectrum of a radioactive source gives us the information about the source showing the spectral
distribution of energy. In other words, energy spectrum of a radioactive source is the number of the
particles in each energy value for the detected energy interval.

The evaluation of the interaction in a medium of the particles emitted from radioisotopes can be discussed
as energy spectrum. Neat energy spectrum, i.e. only the energy spectrum of the particles emitted from a
radioactive source (discriminated from any other artificial pulses such as background) is the main
characteristic in the energy spectrum.

Distinguishing the different types of particles is known as pulse shape discrimination (PSD). With a
certain scintillator, it is possible to distinguish between different types of particles by analyzing the shape
of the generated light in the scintillator. This is due to the excitation of different specific energy loss of
the particles (dE/dx) in the scintillator material.

In order to discriminate the unwanted signals from the original signals, a widely used method is PSD
method. With this method, pulse shape differences of the different types of particles can be measured [1].
By this way, the elimination of the low-energy part of the source energy spectrum was performed in the
present study.

PSD is a kind of time discrimination method. In this method, the suppression of the unwanted signals is
performed by measuring the decay time of each pulse electronically, and free from the amplitude. In
practice, but, only over a limited range of amplitudes can be distinguished efficiently [2]. A capacitor
with a long-time constant, in a conventional preamplifier, integrates the charge produced by the
scintillator light in a photomultiplier tube (PMT). Owing to the different scintillator decay times, formed
signals in the PMT have different rise times (the time between 10% and 90% of the amplitude in the

*Corresponding author, e-mail: elermis@hotmail.com DOI: 10.29109/gujsc.886791
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leading edge of a signal) naturally, and these rise time differences can be on the order of a microsecond
[3]. Further information about PSD is available at numerous works [2, 4-6]. For example, PSD technique
was used to discern between neutron and gamma-ray interactions in certain organic scintillators by Ruch
et al. [7]. Yanagida et al. [8], Doucet et al. [9] and Senoville et al. [10] used the PSD method for neutron-
gamma discrimination. Recker et al. [11] utilized from the PSD technique in various electronics for
particle detection. This technique was used to discriminate the photons and neutrons in the energy range
of 0.1-2 GeV by Sugiyama et al. [12]. It is clear that the PSD is a daily method in discriminating the
different particles. The method was also used here with respect to this.

Two spectrometers were used in this study to discriminate the low-energy part of the ¥’Cs gamma-ray
spectrum through PSD method. Partial and complete discriminations were followed to compare their
performances for the elimination of unwanted parts of the spectrum.

2. MATERIALS AND METHODS

When the particles with different types and energies interact with detector material (scintillator), they
generate the signals with different magnitudes and rise times in the detector. Thus, the rise times of the
signals generated by the gamma particles will be different from the noise or unwanted signals. By
following and subjecting the gamma signals to timing process, timing signals are produced. These timing
signals are then gated with the detector signals coincidentally in the MCA. In this way, it is possible to
record the triggered signals by the timing signals. Finally, the discriminated neat source spectrum can be
recorded. This process can be called as PSD technique. This technique will be followed in the present
study.

Block diagrams of the spectrometer set-ups for the PSD application are illustrated in Figs. 1(a) and 1(b).
Ortec 401A BIN, Bicron 3x3 inch Nal(TI) inorganic scintillation detector, Ortec 266 photomultiplier base
(PMT), Ortec 459 power supply (PS), Ortec 113 preamplifier (PA), Ortec 451 spectroscopy amplifier
(AMP), Ortec 427A Delay amplifier (DA), Ortec 420A timing single channel analyzer (SCA), Ortec 463
constant fraction discriminator (CFD), Ortec 416A gate and delay generator (GDG), Ortec 552 pulse
shape analyzer (PSA), Ortec 566 time to amplitude converter (TAC) and Ortec Trump 8K multichannel
analyzer (MCA) card mounted in a computer for data collection were used in the spectrometers. Nal
detector has an aluminum window of 0.5 mm to protect it from artificial counts arising from the ambient
light.
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channel analyzer, CFD: Constant fraction discriminator, GDG: Gate and delay generator, PSA: Pulse

shape analyzer, TAC: Time to amplitude converter, MCA: Multichannel analyzer).

187Cs radiation source (<5 pCi), which the radioactive material is embedded in a solid mylar disk of
diameter 25 mm with an active area of 5mm2 and an overall thickness of 5 mm, was placed at 5 cm from
the detector surface. Passive background reduction was performed by shielding the detector with lead
blocks. The spectrometers were calibrated according to the photopeak energy of 662 keV of the source.

In the spectrometers, the energy output of the PA is shaped by the main amplifier and sent to the MCA
through the DA. The signal shapes from the DA for both spectrometers are shown in figures 2(a) and
3(a).
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Figure 2. Signal shapes from the first set-up: a) DA output, b) TAC output.
Figure 3.Signal shapes from the second set-up: a) DA output, b) TAC output.

The time signal of the PMT was used in the left part of the first set-up in figure 1(a). The start signal of
the TAC is generated by the SCA connected to the main amplifier, and the stop signal is produced by the
CFD connected to GDG. A logic signal as in figure 2(b) is generated by the TAC corresponding to the
time difference between the start and the stop signals. This logic signal gates the MCA and thus the low-
energy part of the energy spectrum is discriminated.

In the second set-up, the PSA produces the start and the stop signals corresponding to the leading edge
time interval (10%-90%) of the output of the main amplifier. The time difference between these signals
creates a logic output on the TAC and the output gates the MCA. The output of the TAC is shown in
figure 3(b). By setting the TAC window, the MCA will not record the low-energy part of the **’Cs energy
spectrum.

As can be seen in the circuit schemes of the spectrometers above, anode and dynode outputs of the PMT
were used in the first setup. Its only dynode output was utilized in the second setup also. The dynode
output of the PMT generates the slow signals (long leading edge time), in addition, anode output produces
the fast signals (short leading edge time). First spectrometer depends on the fast-slow coincidence signal
recording process. In the second setup, PSD technique was applied only on the slow signals. This is the
main difference between the used setups. The results from the setups are given in the next section.
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3. RESULTS AND DISCUSSION

The performances of the spectrometers were tested experimentally on the energy spectrum of *¥’Cs.
Gamma ray energy spectrum was collected in the MCA card where it is divided into 2048 channels and
then stored in a computer.

The gamma ray energy spectra of 3’Cs source from the first and the second spectrometers with a 300 s
run time at room temperature of 298 K can be seen in figures 4 and 7. In addition, partial and complete
discriminated energy spectra for both set-ups are presented in figures 5, 6, 8 and 9.
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Figure 4.Direct spectrum of 3’Cs from the first set-up.
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The detector dead time was between 18% and 20%, and the obtained background spectrum was given in
figure 10. The background spectrum has been subtracted from all the energy spectra given in Figures 4 to
9.
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Figure 10.Detector background spectrum.

The energy resolutions of both spectrometers were calculated to check the system performance. The
energy resolutions for the photo peaks in figures 6 and 9 were found to be 7.55% and 7.53%, respectively.
It can be said from the obtained results above that the followed PSD method, which is used for the
discrimination of neutron and gamma particles in literature, was successful in the discrimination of the
low-energy part of the spectra that contains the unwanted components such as electronic noise, scattering
etc. without affecting the energy resolution. In other words, low-energy part that contains the unwanted
components due to electronic noise, scattering etc. discrimination using fast and slow signals in different
spectrometers was performed through the used method.

Obtained experimental results showed that the second set-up gives better results in comparison with the
first one. Although the first set-up has the capability of discrimination of the low-energy part of the
energy spectrum, the 662 keV peak (photo peak) of **’Cs is not sharp compared to the spectrum from the
second set-up. As can be seen in figure 2b, this conclusion is supported because of the high resolving time
of the first set-up.
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It has been noticed that the result of second set-up obtained here was compatible with that of the previous
work [13] containing different spectrometer components and their settings. In the study, the fall time
criterion was employed using the pulse shape analysis observing the change in the fall times of the
gamma ray pulses for Compton suppression of ©°Co and *¥’Cs. The PSD method using the rise times of
the leading edges of the gamma ray pulses was implemented here for the elimination of unwanted parts of
the spectrum differently from that work.

Since the discrimination of the low-energy part of the energy spectrum eliminates the effects originating
from this part (such as electronic noise, background, scattering etc.), the method and the set-ups presented
here will contribute to the acquisition of the neat energy spectrum.

4. CONCLUSIONS

By means of the PSD method, it can be possible to discriminate the unwanted signals from the energy
spectrum partially or completely. Two different spectrometers were tested for this purpose. It was
determined that these two spectrometers could discriminate the unwanted signals especially in the low-
energy region. It was revealed from the present study that a clearer gamma energy spectrum would be
possible by the help of the PSD timing method used in these two spectrometers. The introduced
spectrometers showed that they could be used for this purpose.

Consequently, two set-ups were suggested for partial or complete discrimination of the low-energy part of
the gamma spectrum through the PSD method. It was shown from the study that the PSD method can
successfully be used for the elimination of the unwanted parts of a gamma spectrum.
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In this study, two basic experimental processes, chemical vapor deposition and classical solid state
reaction step, were used. Ankara University Chemical Engineering Nanotechnology Laboratory
for the chemical vapor deposition step, Gazi University Physics Department Superconductivity
and Thermal Analysis Laboratory for the preparation of chemical materials, and Ankara University
Physics Department Solid State Laboratory for the baking of the prepared samples were used.
Figure A shows the experimental process.
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Figure A. Experimental Process

Purpose: The main purpose of this study is to examine how the reaction temperature affects the
electrical and magnetic properties the MgB2 superconductor, which is obtained by adding carbon
through chemical vapor deposition method.

Theory and Methods: Many researchers carry out many different studies to improve the existing
physical properties of existing superconductors. Doping studies are quite common for the MgB2
superconductor. Based on the literature information, it can be said that carbon additives are the
best results among the existing additives. In this study, the carbon structure, which plays a curative
role on the physical properties of MgB2, has been added to MgB2 by chemical vapor deposition
method. SEM analyses, elemental analysis, X-ray diffraction method (XRD), vibrating sample
magnetometer (VSM) method and Bean Method were used in the analyses.

Results: As a result of the examinations, when compared between the 4 different sintering
temperature values used, it was found that the sintering temperature of 900 °C was the temperature
at which the best physical results were obtained in MgBa.

Conclusion: It was observed that the MgB2 superconductor structure was formed in all samples,
deterioration was observed in the current lattice parameters of MgB2 with carbon doping, the
magnetization value was higher at high temperatures compared to low temperatures, and the
sample with the highest critical current density value was the sample obtained by sintering at 900
OC. It was seen that all the results obtained were consistent with each other and with literature.

*Corresponding author, e-mail: nakikaya06@gmail.com DOI: 10.29109/gujsc.887430
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Abstract

Carbon, which is known to play a improvement role on the superconductivity properties of
MgB:2, was doped into MgB2 by CVD (chemical vapor deposition) method, and the change of
structural and magnetic properties observed in MgB: in relation to the change of reaction
temperature was investigated. In this context, in the sample preparation step, amorphous nano
boron powders with carbon added by chemical vapor deposition method were mixed with
magnesium powders at certain mass ratios and sintered at four different temperatures (700-800-
900-1000 °C) with the classical solid state reaction method and converted into carbon-added
MgB: samples. SEM photographs of amorphous nano-boron powders with carbon added were
taken and subjected to elemental analysis. The structural and magnetic properties of the
samples obtained were examined. X-ray diffraction graph, magnetization values and Magnetic
Field-Magnetic Moment (M-H) graphs of the samples obtained by XRD method and the critical
current density values with Bean Method were found and Magnetic Field-Critical Current
Density (Je-H) graph was created. It was determined that, in all the samples obtained, the MgB:
superconductor structure was formed and the carbon structures included in the structure caused
changes in the lattice parameters due to the ion radius difference, that fracture occurred in the
magnetization curve of the sample prepared by sintered at 1000 °C due to the intense impurities
caused by the phase transitions due to the high temperature, in samples prepared at low
temperatures, and that magnetization curves that could not expand sufficiently were observed,
flux jumping occurs in the magnetization curve and this also affected the critical current
density. In addition, the change in the critical current density value from 7.0x10% A/cm? to
2.8x10* A/cm? showed that the reaction temperature was an effective parameter on the
experimental results. As a result of the examinations, when compared between the 4 different
sintering temperature values used, it was found that the sintering temperature of 900 °C was the
temperature at which the best physical results were obtained in MgBa.

CVD Yéntemi ile Karbon Katkilannus Bor Kullamlarak Uretilen
MgB: Siiperiletkeninin Yapisal ve Manyetiksel Ozelliklerine
Sicakhk Etkisinin incelenmesi

Oz

Bu ¢aligmada, MgB2’nin siiperiletkenlik 6zellikleri iizerinde iyilestirici bir rol oynadig: bilinen
karbon, CVD (kimyasal buhar biriktirme) yontemi ile MgB2’ye katkilanarak sinterleme
sicakliginin degisimine bagli olarak MgB2’de gdzlenen yapisal ve manyetiksel 6zelliklerin
degisimi incelendi. Bu kapsamda, numune hazirlama basamaginda kimyasal buhar biriktirme
yontemi ile karbon katkilanmig amorf nano bor tozlari, belirli kiitle oranlarinda magnezyum
tozlar1 ile karistirtlip klasik katihal reaksiyon yontemi ile de dort farkli sicaklikta (700-800-900-
1000 °C) sinterlenerek karbon katkilannmis MgB2 numunelerine déniistiiriildii. Karbon katkilanan
amorf nano bor tozlarinin SEM fotograflari alinarak elementel analize tabi tutuldu. Elde edilen
numunelerin XRD yontemi ile x-1sin1 kirmimmi grafigi, manyetizasyon degerleri ile Manyetik
Alan-Manyetik Moment (M-H) grafigi ve Bean Yontemi ile de kritik akim yogunlugu degerleri
bulunarak Manyetik Alan-Kritik Akim Yogunlugu (Je-H) grafigi olusturuldu. Elde edilen tim
numunelerde MgB2 siiperiletken yapisinin olusturuldugu, yapi igerisine dahil olan karbon
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yapilarinin, iyon yarigap farkindan kaynakli Orgii parametrelerinde degisimler meydana
getirdigi, yiiksek sicakliga bagli olarak faz gecisleri neticesinde olusan yogun safsizliklardan
otiirii 1000 °C°de sinterlenerek hazirlanan numunenin manyetizasyon egrisinde aki ziplamasinin
meydana geldigi, diisiik sicakliklarda hazirlanan numunelerde ise yeterince genisleyemeyen
manyetizasyon egrilerinin goriildiigii ve bunun kritik akim yogunluguna da etki ettigi saptandi.
Ayrica kritik akim yogunlugu degerinin 7.0x10° A/cm? degerinden 2.8x10* A/cm? degerine
kadar bir degisim gostermesi sinterleme sicakliginin deneysel sonuglar iizerinde etkili bir
parametre oldugunu kanitladi. Yapilan incelemeler sonucunda kullanilan dort farkli sinterleme
sicaklign arasinda kiyaslandiginda 900 °C sinterleme sicakliginin MgB2'de en iyi fiziksel
sonuglarin alindig: sicaklik oldugu goriilmistiir.

1. GIRIS (INTRODUCTION)

2001 yilinda siiperiletkenlik 6zelligi kesfedilen MgB, [1] bilesigi; giiniimiizde tel, serit, y1gin gibi
farkli formlarda ve ¢ok cesitli teknolojik sistemlerde kullanilmaktadir. Kullanim alaninin ¢okluguna
paralel olarak bir¢ok arastirmaci yapmis olduklar1 farkli caligmalarla MgB» nin kritik akim yogunlugu,
kritik gecis sicaklifi, manyetizasyon degeri gibi birtakim fiziksel 6zelliklerini gelistirmeye
caligmaktadir. Bu amagla yapilan ¢aligmalarin bir kisminda katkilama yontemine bagvurulmaktadir.
Ti-C [2], Co [3], FesO4 [4], Al [5], NaxCOs [6] gibi birgok farkli malzeme MgB;’ye katkilanmugtir.
Katkilamalarin bir kisminda MgB>’nin fiziksel dzellikleri {izerinde olumlu anlamda gelistirici sonuglar
almmis olunsa da karbon katkilarinin diger katki malzemelerine kiyasla MgB; iizerinde kritik akim
yogunluguna daha fazla olumlu etkiler olusturdugu kesfedilmistir [7]. Bu kesfin takibiyle bir¢ok
aragtirmaci, MgB> siiperiletkenine farkli yontemlerle, farkli miktarlarda karbon yapilarinin
katkilamasini yapmuslardir [8-11].

Karbonun hedef malzemeye katkilanmasi bir¢ok farkli yontemle yapilabilmektedir. Bu ¢aligmada ise,
homojen yapi1 eldesinin kolayligi, deney parametrelerinin ayarlanabilmesi, maliyetinin diisiik olmas1
gibi bir dizi avantajlardan dolayr CVD (kimyasal buhar biriktirme) yontemi ile MgB>’ye karbon
katkis1 gergeklestirilmistir.

Kimyasal buhar biriktirme yonteminin temel mantiginda; belli sicakliktaki firin igerisine yerlestirilen
hedef numune iizerine kapali firin ortaminda hidrokarbon kaynagi gonderilerek, hidrokarbon
kaynagindaki karbon yapilarinin hedef numune {izerine ¢okelip hedef numune {iizerinde karbon
birikimini saglamak yatmaktadir. Kimyasal buhar biriktirme yonteminde hidrokarbon kaynagi olarak
gaz fazinda etilen, asetilen, metan gibi iceriginde karbon bulunan yapilar kullanilmaktadir. Deney
esnasinda ortaya cikabilecek oksijen molekiillerine tutunmasi i¢in sistem igerisine hidrojen gazi
gonderilir. Yap1 icerisinde olugsmasinin istenilmedigi fazlarin siipiriiliip atilmasi ve mevcut hidrojen
gazinin yliksek 1s1 ile temas edip olasi olumsuz durumlarin olusmamasi i¢in de sistem deney esnasinca
inert gaz akisi ile beslenmektedir.

Siiperiletken malzemeler i¢in kritik akim yogunlugu degerinin yiiksek, kritik gecis sicakliginin ise
miimkiin olduk¢a oda sicakligina yaklasmasi olduk¢a énemlidir. Ornegin iletim hatlarinda kullanilan
bir siiperiletken malzemenin cm? basina tasidig1 akim miktarinin artis1 tek seferde yiiksek miktarlarda
enerji transferlerini miimkiin kilarken, genel olarak tiim siiperiletkenlerde kritik gecis sicakliginin
yiikselmesi de ihtiyag duyulan sogutucu maliyetlerini azaltacak ve bu sayede de siiperiletkenlerin
kullanim yelpazesi genisleyecektir.

Bu ¢alismanin ek olarak, karbon katkisi sayesinde yapi igerisinde karbon atomlar ile bor atomlarinin
yer degisimi sonucu, aki tuzaklamasi olusturarak MgB>’de kritik akim yogunlugunu arttirmak gibi bir
amaci da s6z konusudur. Karbonun yeterince ¢oziiniip yapi icerisinde homojen dagilimi, bu amacin
gerceklesmesinin  kosullarindan birisidir. Bu diislince ile yola ¢ikildiginda homojen yapi elde
edilebilirligi yiiksek olan kimyasal buhar biriktirme yonteminin bu ¢alismada kullanilmasinin uygun
oldugu anlasilmaktadir.

Kimyasal buhar biriktirme yontemi ile karbon katkilanan borun SEM fotograflar1 ¢ekilip elementel
analize tabi tutulmustur. Bu sayede bor iizerinde karbon birikiminin saglanip saglanmadig1 ve hangi
oranda karbon birikimi gercgeklestigi tespit edilmistir. Karbon katkilanan bor kullanilarak elde edilen
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MgB: numunelerinin yapisal 6zellikleri XRD ydntemi ile, manyetik 6zellikleri VSM yontemi ile kritik
akim yogunlugu degerleri ise Bean yontemi [12] ile bulunmustur.

XRD Yontemi; Bragg Yasasi’'mi temel almakla birlikte, malzemelerin kristalografik 6zelliklerinin
belirlenmesinde olduk¢a yaygin olarak kullanilmaktadir. Bu ydntem uygulama kolayligi, sonuglar
verme dogrulugu, ¢abuk analiz yapabilme o6zelligi gibi olumlu yanlarindan Otiirli, bircok farkl
disiplince kullanilan bir yontemdir. Kristalografik analiz basamaginda tanecik biiyiikliigli hesabi
Denklem 1 ile gosterilen Scherrer Denklemi [13] ile yapilmistir.

p =KX 1

- L cos@

Burada D; tanecik biiyiikl{igii, K; Scherrer sabiti (0,90), A; x-151n1 kaynagindan gonderilen 1sinin dalga
boyu, B; en siddetli pikin maksimum yar1 genisligi (FWHM) ve O; Bragg kirinim acis1 olarak
tanimlanmaktadir.

Bu ¢alisma sonucu elde edilen numunelerin hegzagonal yapida oldugu bilindiginden &tiirii numunelere
ait orgii parametreleri hegzagonal yapilarda 6rgii parametresini bulmaya olanak saglayan Denklem 2
ile hesaplanmistir.

+= 2

c2

1 _ 4[h?+hk+k? 12
=3
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Bu denklemde d; diizlemler arasi mesafe, h, k, I; Miller indisleri, a ve c; 6rgii parametreleridir.
Hegzagonal yapida a=b oldugundan bulunan a degeri ayni zamanda b degeri olarak; yiikseklik
parametresi ise ¢ olarak tanimlanir. Yine kristalografik analiz basamaginda diizlem kaymalarinin
olusup olugmadig1 da bilgisayar programi yardimi ile tespit edilmistir.

VSM Yontemi; temelde Faraday’in aki degisimi ile bobinlerde olusturulabilecek elektromanyetizma
varligina dayanir. VSM sistemi igerisinde diizgiin manyetik alan altinda, 6l¢iimii yapilacak numune
titresim hareketi yapar. Numunenin miknatislanmasi saglanir ve bu sayede de bobinlerde bir voltaj
olusturulur. Numune periyodik olarak bobinler arasinda hareket ettirilir. Ol¢iim diizenegi ¢ok kiiciik
manyetik momentlere dahi duyarli oldugundan bu periyodik hareketlerde var olan manyetik moment
degisimleri tespit edilip dlglimlendirme gerceklestirilir.

Bean Yéontemi; yari deneysel bir yontem olarak karsimiza ¢ikmaktadir. Bu yontem siiperiletkenlerde
kritik akim yogunlugu degerinin hesaplanmasi i¢in olduk¢a sik kullanilmaktadir. Denklem 3 Bean
yonteminin matematiksel formiiliinii gdstermektedir.

Jo=20x 2 3

a(1-3;)
Bu denklemde AM; Manyetik Alan-Manyetik Moment (M-H) egrisinden elde edilen, numuneye
uygulanan dig manyetik alana karsi numunenin vermis oldugu manyetik tepkinin pozitif ve negatif
bolge bandindaki farkidir [AM=(M")-(M")], a ve b; numune boyutlaridir.

2. MATERYAL VE METOT (MATERIAL AND METHOD)

Bu calismada, amorf nano bor tozlarina, 90 dakika 700 °C sicaklikta karbon ile kaplama yapildi.
Kullanilan deneysel parametreler ise; % 95-97 saflikta amorf bor tozlar1 (parcacik boyutu<lpm),
hidrokarbon kaynagi olarak etilen gaz1 (20 ml/dk), tasiyici gaz olarak helyum (100 ml/dk) ve hidrojen
gaz1 (100 ml/dk) olarak belirlendi. Kimyasal buhar biriktirme basamaginin hemen ardindan bor
yapilarina karbon yapilarinin birikiminin saglanip saglanmadigim gérmek agisindan Elde edilen
karbon katkilanmig amorf nano bor tozlarinin, yiizdelik olarak ne kadar karbon igerdiginin tespit
edilebilmesi acisindan ODTU Merkez Laboratuvari’na bagl Polimer Analiz Laboratuvar1 (PAL)’inda
elemental analiz yapilmistir. Analiz sonucunda yap1 icerisinde % 14,70 oraninda karbon yapisinin
bulundugu goriilmiistiir.
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XZ9, Bag

Sekil 1. Karbon katkilanmis bor numunesinin 10000 ve 20.000 biiyiitme altinda alinmig SEM
fotograflar

X10.000 ve X20.000 biiylitmede alman SEM fotograflarinda c¢ok duvarli karbon nanotiipler
(MWCNT-CDKNT) karbon yapilart ipliksi halde belirgin bir bigimde Sekil 1’de goriilmektedir [14].
Her ne kadar SEM fotograflarinda karbon yapilar1 oldukca fazla bir yiizdelige sahipmiscesine yogun
olarak goriilse de karbon yiizdeligi % 14,70 olarak saptanmigtir. SEM fotograflar1 karbon yapilarinin
net goriilebilmesi agisindan oldukga biiyiikk bir biiylitme altinda, karbon yapilarina odaklanilarak
cekilmistir. Dolayis1 ile SEM fotograflarindan, karbon fazinin baskin faz gibi algilanmasi bu agidan
oldukg¢a dogaldir. Karbon birikiminin basarili bir bigimde gergeklestiginin tespitinin ardindan deneysel
stirecin bir diger adimi olan katihal reaksiyon basamagina gegilmistir.

MgB: olusumu icin gerekli sitokiyometrik oran hesab1 yapilarak toplamda 10 g olacak sekilde 5,29 g
Mg ve 4,70 g karbon katkilanmig amorf nano bor tozlari otomatik karistirici ile 750 rpm dénme
hizinda, 60 dakika karistirildi. Bu basamagin temel amaci karigtirma sayesinde homojeniteyi
arttirmaktir.

Karisim basamaginin ardindan elde edilen toplamda 10 g magnezyum ve karbon katkilanmis amorf
nano bor tozlarindan olusan karisim 2,5 gramlar halinde tartilip 4 farkli toz karisim elde edildi. Elde
edilen tozlar, hidrolik presleme aleti ile 980 Mpa basing altinda sikistirilip 10 dakika boyunca bu
basing altinda sikigtirilmig halde bekletildikten sonra 4 adet tablet haline doniistiiriildii. Preslenme
basamagindaki temel amag sikistirilma sayesinde tanecikleri birbirlerine daha yakin tutarak tanecikler
arasi baglantinin artmasini saglamaktir.

Elde edilen tabletler herhangi bir siiblimlesme ve kontaminasyona ugrama olasiligina kars1 tantalum
folyolara sarilarak argon gazi altinda kapali firin ortaminda dort farkli sicaklikta (700, 800, 900 ve
1000 °C) 1 saat boyunca 1s1l isleme tabi tutuldu. MgB; fazinin tam olusabilmesi i¢in magnezyumun
eriyik hale doniismesi gerektiginden ve 700 °C’nin altindaki sicakliklarda yapr olusu agisindan
olumsuzluk dogabileceginden, aym1 zamanda yiiksek sicakliklarda MgB, fazinin zarar gérmemesi
acisindan deneysel siirecte bu dort sicaklik degerleri kullanilarak numuneler elde edilmistir. 700, 800,
900 ve 1000 °C’de sinterlenerek hazirlanan numuneler sirast ile A, B, C ve D olarak isimlendirildi. Bu
isimler ¢aligma boyunca grafiklerde ve diger tiim yorumlarda kullanildi.

3. BULGULAR VE TARTISMA (RESULTS AND DISCUSION)
3.1. XRD Analizi Sonuglar1 (XRD Analysis Results)
Numuneler, Rigaku Mini Flex 2 marka cihaz ile CuK, (A=1,5418 A)isim kullanilarak dakikada 0,02

derecelik bir tarama hizi ile 10° <26< 80° araliginda XRD analizine tabi tutuldu. Analiz sonucu elde
edilen Sekil 2°de gosterilmektedir.
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Sekil 2. Elde Edilen Numunelerinin XRD Grafigi

Yapilan XRD analizi sonucunda MgB:’ye ait (0 0 1), (1 0 1), (0 0 2), (1 0 2) ve (2 0 1) karakteristik
diizlem pikleri tim numunelerde goriilmektedir. Sekil 1’de (1 0 1) diizlemine ait pikin diger
diizlemlere ait piklere nazaran daha siddetli oldugu goriilmektedir. Bu durum MgB>’nin anizotropik
Ozelligi gbz Oniinde bulunduruldugunda; MgB,’ye ait kristalografik ve manyetik o6zellikleri gibi
birtakim fiziksel ozelliklerin incelenmesi halinde degerlendirilecek giiclii diizlem pikinin (1 0 1)
karakteristik piki olarak incelenmesi gerektigi sonucunu dogurmustur. Anizotropligin dogurdugu bu
sonugtan Gtiirii caligma boyunca yapilan hesaplamalarda (1 0 1) diizlem piki kullanilmistir.

C numunesine ait piklerin siddeti diger numunelere ait piklere nazaran daha siddetlidir. X-1g1n1 kirinim
desenlerinde pik siddetlerinin artmas1 kristalografik gecisin daha diizglin olduguna yani kristalitenin
daha iyi olduguna isaret eder [15]. Ayni zamanda bu durum safsizlik atomlarinin oraninin diisiik
oldugu ve tanecikler arasi bagin arttigina da isaret etmektedir. Dolayisi ile C numunesinin kristalitesi
diger numunelere kiyasla daha diizgiin, MgB> yap1 olusumu daha hizli, safsizlik atomlar1 orani diger
numunelere nazaran daha az oldugu ve tanecikler arasi bagin diger numunelere kiyasla daha giiglii
oldugu sonucuna varilmaktadir. Elde edilen numunelerin tanecik boyutu Denklem 1 ve orgii
parametreleri Denklem 2 yardimi ile ICDD (65-3383) verileri kullanilarak gerekli hesaplamalar
yapilarak bulunup Tablo 1 olusturuldu.

Tablo 1. Elde Edilen Numunelerin Orgii Parametreleri ve Tanecik Boyutlar:

Numune | a=b (nm) +£0,0001 | ¢ (nm) +£0,0001 | Tanecik Boyutu (nm)
A 0,2805 0,4208 13
B 0,2804 0,4206 14
C 0,2810 0,4216 16
D 0,2784 0,4176 17

Tablo 1’den anlasildig1 gibi, sinterleme sicakliginin artmasi yap1 genlesmelerine bagli olarak tanecik
boyutunu arttirmistir. Tablo 1 incelendiginde tiim numunelerin 6rgii parametrelerinde ise A ve B
numunelerinde dikkate deger bir degisim olmamakla birlikte C ve D numunelerinde belirgin bir
degisim goriilmektedir. Bu durum yapiya dahil olan karbon atomlarinin, magnezyum ile bor atomlar
arasina girmesi ile olmaktadir. Bu durumda magnezyum ve bor atomlar1 arasindaki bagin bir miktar
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strese maruz kaldigini dolayisi ile 6rgii parametrelerinde bozukluk ve kristal yapinin zarar gordiiglinii
isaret etmektedir. Sicaklik degisimi ile 6rgli parametreleri arasinda orantilt bir artis ya da azalig iligkisi
kurulamamaktadir. Fakat sicakliga bagli olarak tiim numunelerin 6rgii parametrelerinin birbirinden
farklilig1 géze ¢arpmaktadir. Bu durum her bir diizleme karsilik gelen piklerin agisal olarak bir miktar
kayabilecegini diisiindiirmektedir. Oyle ki bu diisiinceyi kanitlar nitelikte, her bir numuneye ait diizlem
piklerinin karsilik geldigi ac1 degerleri ile olusturulan Tablo 2 incelendiginde, orgii parametrelerindeki
bozukluklara bagl olarak diizlem piklerinde kayma net bir sekilde goriilmektedir.

Tablo 2. Elde Edilen Numunelere ait h-k-/ Diizlemleri ve Bunlara Karsilik Gelen 26 Acilar

Numune | A B C D
(hkl
(001) 25,70 (20) | 25,46 (20) | 25,45 (20) | 26,15 (20)
(101) 42,97 (20) | 42,99 (20) | 42,88 (20) | 43,33 (26)
(002) 52,29 (20) | 52,15 (26) | 52,02 (20) | 52,42 (26)
(102) 63,80 (20) | 63,66 (20) | 63,40 (20) | 63,90 (20)
(201) 77,06 (20) | 76,94 (20) | 76,94 (20) | 77,33 (20)

Tablo 2’de gozlenen diizlem piklerine karsilik gelen agilardaki degisim, karbon ve bor atomlarinin
iyon yarigaplarinin farkli olmasindan dolay1 olmaktadir ki bu durum 6rgii parametresinin degismesine
de neden olmaktadir.

Sekil 2. incelendiginde MgO ve Mg yapilarinin da var oldugu goriilmektedir. MgO’nun deneyin
herhangi bir basamaginda meydana gelen Mg yapilarinin kontamine olmasi ile olustugu diisiiniiliirken
Mg yapilarinin da reaksiyona dahil olmayan magnezyumlarin varliginin bir sonucu oldugu
diistiniilmektedir.

3.2. Manyetik Alana Karsi Manyetik Moment Tepkisinin Analiz Sonucu (Analysis Result of
Magnetic Moment Response to Magnetic Field)

Elde edilen numuneler, Lakeshore VSM cihazi ile 15 K sicaklikta -20000 Oe ile 20000 Oe araliginda
bir manyetik alan altinda, manyetik alan degisimine karsi olusan manyetik moment degisimi dlgiimiine
tabi tutuldu ve Sekil 3’de gosterilen Manyetik Alan-Manyetik Moment (M-H) grafigi elde edildi.
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Sekil 3. Elde Edilen Numuneleri Manyetik Alan-Manyetik Moment Grafigi
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Numunelere ait Manyetik Alan-Manyetik Moment egrileri incelendiginde tiim numunelerde
diyamanyetik karaktere has bir histeristik goriilmektedir. Bu durum siiperiletken malzemelerin
karakteristik manyetik 6zelliginin grafiksel anlamda temsilidir. Sekil 3’de numunelere ait egrilerin i¢
alan genisliklerinin birbirlerinden farkli oldugu goriilmektedir. Bu durum sinterleme sicakliginin
MgB2’nin manyetizasyon degeri lizerinde degistirici bir unsur oldugunu gostermektedir.

D numunesinde egride ani bir kirilma seklinde goriilen ve manyetik alan siipiirme hizi, numune boyutu
gibi bir dizi faktorlere bagl oldugu disliniilen [16] manyetik kararsizliklarin sonucunda [17] aki
ziplamas1 goriilmektedir. Aki ziplamasinin siiperiletken sistemler igin olumsuz etkiler meydana
getirdigi bilinmektedir [18]. Bu durum, yap1 igerisinde var olup siiperiletken yapiya dahil olmayan
safsizlik fazlariin etkili oldugunu ve bu yapilarin perginleme merkezi olarak gérev yapmadigi [19]
diistintilmektedir.

Diyamanyetik histeresiz egrilerinin i¢ alan genisliklerinin azalmasi, yapi icerisindeki tanecikler arasi
baglantinin azalmasinin bir sonucudur. Dolayisi ile 900 0C’de sinterlenerek elde edilen C numunesine
ait egrinin i¢ alan genisliginin diger numunelerin egrilerinin i¢ alan genisliginden fazla olmas1 C
numunesinin tanecikler arasi baglantisinin diger numunelerin tanecikler arasi baglantilarina kiyasla
daha fazla oldugu sonucu ¢ikarilmaktadir. Bu sonu¢ XRD analizi sonucu ile de uyumludur. Oyle ki
XRD analizinde C numunesine ait pikler diger numunelere ait piklerden daha keskin olarak goriildii ve
bu durum yapinin daha hizli ve daha diizgiin olustugunun ayn1 zamanda da tanecikler arasi baglantinin
diger numunelere kiyasla daha giiglii oldugunun ¢ikarimi yapildi.

Manyetik Alan-Manyetik Moment egrileri igerisinde kalan alanin artmasinin aki ¢ivileme
merkezlerinin sayisinin artmasina sebep oldugu dolayist ile de bu durumun kritik akim yogunlugunu
da arttirdig1 diisiiniilmektedir [20]. Bu baglamda C numunesinin kritik akim yogunlugu degeri diger
numunelerin kritik akim yogunlugu degerinden daha fazla ¢ikmasi beklenmektedir.

3.3. Kritik Akim Yogunlugu Analizi Sonucu (Critical Current Density Analysis Result)

Elde edilen Manyetik Alan-Manyetik Moment egrisinin verilerinden yararlanilarak Denklem 3 ile her
bir numunenin kritik akim yogunlugu degeri hesaplanarak Sekil 4 elde edilmistir. Siiperiletken bir
malzemenin teknolojik sahada etki alanimi arttirmanin temel yolu, kritik akim yogunlugu degerini
arttirmaktan gegmektedir. Sekil 4 incelendiginde, manyetik alanin artmasi ile birlikte tiim
numunelerde kritik akim yogunlugu degerinin azaldigi goriilmektedir.

Manyetik alanmn sifira yakin oldugu bir noktada 7.0x10® A/cm? akim yogunluguna sahip B numunesi
en diisiik kritik akim yogunluguna sahip oldugu gériilmektedir. Kritik akim yogunlugu degeri 2.8x10*
Alcm? degeri ile en fazla C numunesine aittir. A ve D numuneleri ise sirast ile 1.4x10* Alcm? ve
1.6x10* A/cm? degerinde kritik akim yogunlugu degerine sahiplerdir. Bu calismada tipki Manyetik
Alan-Manyetik Moment sonucunda oldugu gibi kritik akim yogunlugu ile MgB, olusumu igin
belirlenen sinterleme sicaklig1 arasinda dogru orantili bir degisim iliskisi gézlenememektedir.
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Sekil 4. Elde Edilen Numuneleri Manyetik Alan-Kritik Akim Yogunlugu Grafigi

Elde edilen kritik akim yogunlugu degerleri ile Sekil 3’de verilen Manyetik Alan-Manyetik Moment
grafiginin egri i¢ alan biylikliikleri ve XRD analiz sonuglar ile olduk¢a uyumludur. Nitekim Bean
yonteminde i¢ alan biiyiikliigiiniin artis1 ile kritik akim yogunluklarinda da artan sonuglar verecegi
Denklem 3’te agik¢a goriilmektedir. Ayrica XRD analiz sonucunda goriilen en keskin pikin C
numunesine ait oldugunun tanecikler arasi bagin giiclii olduguna isaret ettigi diisiiniildiigiinde kritik
akim yogunlugu degerinin de C numunesinde en yiiksek degerde olmasi, karbon yapilarinin diger
numunelere kiyas ile taneciklerin arast bagin azalmasina C numunesinde daha az bir etki olusturdugu
diistiniilmektedir.

4. SONUC (CONCLUSION)

Dort farkli sinterleme sicakligi ile elde edilen karbon katkilanmis MgB; siiperiletkenin XRD
analizinde MgB:’ye ait tiim karakteristik diizlem pikleri goriilmustiir. C numunesinin pik siddeti diger
numunelerin pik siddetlerine nazaran daha keskin, daha siddetli oldugu yani C numunesinin diger
numunelere kiyasla MgB» fazina daha hizli gectigi, tanecikler arasi baglarin diger numunelerden daha
giiclii oldugu ve diger numunelere gore daha az safsizlik atomlari igerdigi saptanmigtir. Sinterleme
sicakligmin artigina baglh olarak numunelerde tanecik boyutunda artig goriilmiistiir. Tiim numunelerde
magnezyum ve bor atomlar1 arasina dahil olan karbon atomlar1 orgiide bir stres olusturarak orgii
bozukluklarina yol actigi goriilmiistiir. Numunelerin tamaminin diyamanyetik karakterde oldugu
saptanmistir. D numunesinin Manyetik Alan-Manyetik Moment egrisinde aki ziplamasina karsilik
gelen bir kirllma sekli tespit edilmistir. Bu durum bir faz gegisini gostermektedir ve aki siiplirme
hizina bagli olarak olustugu disiilmistir. C numunesine ait Manyetik Alan-Manyetik Moment
egrisinin i¢ alani diger numunelerden daha fazla ¢ikmistir. Bu durum C numunesinde kritik akim
yogunlugunun da en yiiksek degere sahip olmasini saglamigtir.

Yapilan tiim analizlerde C numunesine ait sonuglar diger numunelerin sonuglarindan daha olumlu
¢tkmis olup tiim sonuglar birbirini destekler durumdadir. Bu ¢alisma igin sicaklifin artis1 ya da
azalisima baglh olarak kritik akim yogunlugu degerinde ve manyetizasyon degerinde dogrudan bir
ritmik artis ya da azalig goriilmemektedir. Bu ¢alisma igin belirlenen sinterleme sicakliklari arasindan
en ideal sinterleme sicakligmin 900 °C oldugu bulunmustur.
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In this study, the potential of biogas that can be obtained from animal wastes within the
province of Corum and its surrounding districts was investigated. The amount of biogas that can
be produced in the province and per district has been determined. The quantities of biogas that
can be generated from the wastes of bovine (cattle, buffalo), ovine (goat, sheep) and poultry
(chicken, goose, duck, turkey) was calculated.
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Figure A. Total biogas amount of Corum Province

Purpose: In this study, the potential of biogas that can be obtained from animal wastes within
the province of Corum and its surrounding districts is investigated. The calorific value of biogas
that can be produced and the amount of electricity that can be generated have also been
determined.

Theory and Methods: Biogas production process is explained step by step. Amount of biogas
required for electricity generation are given in the paper. The quantities of biogas that can be
generated from the wastes of bovine (cattle, buffalo), ovine (goat, sheep) and poultry (chicken,
goose, duck, turkey) was calculated.

Results: The evaluations in this study have revealed that the total amount of electricity that can
be produced from biogas is 80748.8 MWh per year from cattle waste, 3506.7 MWh from ovine
animals waste and 16064.4 MWh from poultry waste. In total, the amount of electricity that can
be produced for Corum province has been determined to be 100319.9 MWh per year.

Conclusion: In general, the global energy production needs are met with fossil-sourced fuels.
However, due to the fact that fossil fuels will be exhausted over time, together with the damage
that is inflicted on the environment, people have sought different resources. Biogas energy is a
type of renewable energy source that attracts the attention of researchers. The evaluations in this
study have revealed that the total amount of electricity that can be produced from biogas is
80748.8 MWh per year from cattle waste, 3506.7 MWh from ovine animals waste and 16064.4
MWh from poultry waste. In total, the amount of electricity that can be produced for Corum
province has been determined to be 100319.9 MWh per year. It has been found that CO2
emissions from biogas-generated electricity will be 2608.06 tons. When compared to
alternatively sourced electricity, it was found that when the same amount of electricity is
obtained from natural gas, CO2 emission will be approximately 20 times higher, and when the
electricity is obtained from imported coal, the CO2 emission will be 34 times that produced
when using biogas.
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One of the most important current issues is obtaining and efficiently using energy, a basic necessity
of life. With the continuous development of technology and increase in the world population, energy
demands keep increasing. In general, the global energy production needs are met with fossil-sourced
fuels. However, due to the fact that fossil fuels will be exhausted over time, together with the damage
that is inflicted on the environment, people have sought different resources. Biogas energy is a type
of renewable energy source that attracts the attention of researchers. In this study, the potential of
biogas that can be obtained from animal wastes within the province of Corum and its surrounding
districts was investigated. The amount of biogas that can be produced in the province and per district
has been determined. The quantities of biogas that can be generated from the wastes of bovine (cattle,
buffalo), ovine (goat, sheep) and poultry (chicken, goose, duck, turkey) was calculated. The calorific
value of biogas that can be produced and the amount of electricity that can be generated have also
been determined. The evaluations in this study have revealed that the total amount of electricity that
can be produced from biogas is 80748.8 MWh per year from cattle waste, 3506.7 MWh from ovine
animals waste and 16064.4 MWh from poultry waste. In total, the amount of electricity that can be
produced for Corum province has been determined to be 100319.9 MWh per year. It has been found
that CO2 emissions from biogas-generated electricity will be 2608.06 tons. When compared to
alternatively sourced electricity, it was found that when the same amount of electricity is obtained
from natural gas, CO2 emission will be approximately 20 times higher, and when the electricity is
obtained from imported coal, the CO2 emission will be 34 times that produced when using biogas.

Corum ilinin Hayvansal Atiklardan Uretilebilir Biyogaz
Potansiyelinin Incelenmesi

Oz

Yagsamin en temel gerekliliklerinden biri olan enerjinin elde edilmesi, verimli kullanilmasi
giiniimiizde biiyiik 6nem arz etmektedir. Teknolojinin gelismesi ve diinya niifusundaki artis ile
enerjiye olan ihtiyag artmis durumdadir. Genel olarak diinyada enerji tiretimi fosil kaynakli yakitlar
ile yapilmaktadir. Fosil kaynakli yakitlarin zamanla tiikenecek olmasi ve ¢evreye olan zararlarindan
dolay1 insanlar farkli kaynaklarin arayigina girmiglerdir. Yenilenebilir enerji kaynaklarindan birisi
olan biyogaz enerjisi arastirmacilarin olduk¢a dikkatini ¢gekmektedir. Bu ¢alismada, Enerji ve Tabii
Kaynaklar Bakanlig1 Bilgi Merkezi’nden alinan Ocak 2021 tarihli veriler kullanilarak, Corum ili ve
ilgelerine ait hayvansal atiklardan elde edilebilecek biyogaz potansiyeli incelenmistir. 11 ve ilgeler
bazinda iiretilebilecek biyogaz miktar: tespit edilmistir. Caligmada biiyiikbas (sigir, manda), kiigiikbag
(keci, koyun) ve kanath (tavuk, kaz, 6rdek, hindi) hayvanlarin atiklarindan iretilebilecek biyogaz
miktar1 hesaplanmustir. Uretilebilecek biyogazin 1s11 degeri ve iiretilebilecek elektrik miktar1 da bu
calisma kapsaminda incelenmistir. Uretilebilecek biyogaz miktarina bagl olarak toplam
iretilebilecek elektrik miktar1 ise biiyiikbas hayvanlar i¢in yillik 80748.8 MWh, kiigiikbag hayvan
icin yillik 3506.7 MWh ve kanatli hayvanlar i¢in yillik 16064.4 MWh olarak bulunmustur. Toplamda
Corum ili icin {retilebilecek elektrik miktar1 yillik 100319.9 MWh olarak tespit edilmistir.
Uretilebilecek olan biyogaz miktarindan elektrik iiretilmesi durumunda 2608.06 ton CO2 emisyonu
ortaya g¢ikacagi tespit edilmistir. Ayn1 elektrik miktarinin farkli kaynaklardan elde edilmesi durumu
incelendiginde, elektrigin dogalgazdan elde edilmesi durumunda yaklagik 20 kat, ithal komiir ile elde
edilmesi durumunda ise yaklasik 34 kat daha fazla karbon salinimi ortaya gikacagi belirlenmistir.
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1. GIRiS INTRODUCTION)

Enerji, yasamin devam edebilmesi i¢in temel ihtiya¢lardan birisidir. Diinya genelinde asir1 niifus artis1 ve
teknolojik gelismeler enerjiye olan ihtiyaci giinden giine arttirmaktadir. Diinya ¢apinda enerji tiiketimi,
2007 yilindan 2035 yilina kadar yaklasik olarak %49 oraninda artacagi tahmin edilmektedir [1]. Yasamak
ve gereksinimleri karsilamak igin ihtiyag duyulan enerji farkli kaynaklardan elde edilebilmektedir. Ihtiyag
duyulan enerji agirlikli olarak fosil kaynakli yakitlardan elde edilmektedir. Fosil kaynakli yakitlar
zamanla tiikenebilecek potansiyele sahiptir. Ayrica fosil yakit kaynaklarinin bir¢ok iilkede olmamasi
iilkeleri disa bagimli hale getirmektedir. Fosil kaynakli yakitlarin ¢ok fazla kullaniliyor olmasi diinyanin
gelecegi icin Onemli tehditler olusturmaktadir. Fosil yakit kullanimi sebebiyle sera gazi emisyonlart
artmasinin yani sira diger kirletici maddelerin salinimi da artmustir [2]. Buna bagli olarak kaynaklarin
yeterli olmayigt insanoglunu farkli kaynaklar arasgtirmaya yonlendirmistir [3,4]. Ulkeler cografi
konumlarina bagli olarak fosil yakit kaynaklarinin yerine yenilenebilir enerji kaynaklarini kullanabilmek
icin farkli stratejiler ve teknolojiler gelistirmis durumdadir [5]. Yenilenebilir enerji kaynaklarindan
onemli birisi olan biyokiitle enerjisinin kiiresel enerji ihtiyacinin yaklagik olarak %25’ini
karsilayabilecegi tahmin edilmektedir [6].

Biokiitlenin anaerobik sekilde parcalanmasi sonucu biyogaz enerjisi ortaya cikar [7]. Biyogaz yanici bir
gazdir. Hayvansal ve bitkisel atiklardan elde edilir. Biyogazin igerigi ham madde iglem siirecine gore
degiskenlik gosterebilir. Biyogazin igerisinde bulunan metan gazinin oranina goére enerji bi¢iminde
kullanilip kullanilamayacagi belirlenir. Metan ve karbondioksit ana bilesenleri olmak iizere biyogazin
icerisinde su buhari, hidrojen siilfit, azot, hidrojen, oksijen ve karbonmonoksit bulunabilir [8].
Biyokiitleden iiretilen biyogaz, 1sinma ve elektrik tiretimi i¢in kullanilmaktadir. Biyogazin yanma sonucu
elektrik tretilmesinin yani sira ortaya g¢ikan 1sil enerji ile bina 1sitmasi ve kurutma islemleri de
yapilabilmektedir. Biyokiitlenin gaza doniistiiriilmesi sonucu hayvan artiklarinin kokusu hissedilmeyecek
kadar azalmaktadir. Biyogaz {iretiminden sonra ortaya ¢ikan artiklar degerli bir organik giibre haline
doniiglir [9]. Tarim ve hayvanciligin gelismesi neticesinde hayvan atiklar1 potansiyeli de siirekli olarak
artmaktadir. Yasamis oldugumuz cografya tarim atiklari ve hayvan atiklar1 bakimindan oldukca zengin
bir potansiyele sahiptir. Mevcut potansiyelden gerektigi gibi faydalanamamak cevreye zararli baska
atiklarin olugsmasina neden olacaktir. Hayvan atiklar1 yiiksek oranda azot ve fosfor icerdikleri i¢in ¢evre
kirliligine yol agmaktadirlar. Hayvan atiklarinin biyogaza doniistiiriilerek kaliteli organik giibre tiretimi ve
mikrobiyal patojenlerin azaltilmasi gibi faydali sonuglar elde edilebilir [10]. Biyogaz tiretimi ile ilgili
olarak literatiirde ¢ok sayida calisma mevcuttur. Kaygusuz ve Tirker [11] yapmis olduklari ¢aligmada
Tiirkiye’de ki biyokiitle potansiyeli ve kullanimina genel bir bakis acist sunmuslardir. Biyokiitlenin
gelecekte daha siirdiiriilebilir enerji senaryolarinda O6nemli bir role sahip olacagini onermislerdir.
Biyokiitlenin gelecegin ¢evre dostu yakit haline gelebilecegini vurgulamiglardir. Ergiir ve Okumus [12]
yapmis olduklar1 ¢alismada Eskisehir sehri igin sigir giibresi ile biyogaz {iretim potansiyeli ve maliyet
analizini yapmislardir. Yapilan analiz sonucunda hayvan atiklarinin islenmesi neticesinde Eskisehir’e
onemli bir katki saglayacagint vurgulamislardir. Akbulut [13] yapmis oldugu calismada
Cigekdagi/Kirsehir bolgesinde biyogaz tesisinde elektrik iiretiminin ekonomik analizini yapmustir. Tesiste
kurulan kojenerasyon tesisi ile emisyon miktarint yillik olarak énemli miktarda azaldigini1 gostermistir.
Avcioglu ve Tiirker [14] yapmis olduklar1 ¢calismada atiklarin isletmeler i¢in biiyiik sorun oldugundan ve
uygun degerlendirilmediginden bahsetmisler ve atiklardan yararlanmanin en uygun yolunun biyogaz
tiretmek oldugunu vurgulamislardir. Ayrica atik haritast ve elde edilebilecek biyogaz degerlerine gore
yiiksek potansiyeli olan illeri gostermislerdir. Acaroglu ve Aydogan [15] yapmis olduklar calismada
Tiirkiye’nin biyokiitle enerjisini incelemislerdir. Yiiksek maliyet nedeniyle tesvik mekanizmalarinin
olusturulmasini dnermislerdir. Ayrica, ulusal kaynaklar1 kullanmak agisindan iilkelere son derece dnemli
ekonomik ve c¢evresel avantajlar saglayacagindan bahsetmiglerdir. Baran ve arkadaglar1 [16] yapmis
olduklar1 ¢alismada Adiyaman ilinin hayvan atiklarindan enerji iiretim potansiyeli incelemislerdir.
Calisma sonucunda Adiyaman ilinde hayvan atiklarindan elde edilebilecek Onemli bir biyogaz
potansiyelinin oldugunu belirtmiglerdir. Karaca [17] yapmis oldugu ¢alismada Hatay ilinin ilgeleri dahil
hayvan atiklar1 miktarini ve bunlarin biyogaz potansiyellerini incelemistir. Sonug olarak Hatay ili igin 15
milyon m3 biyogaz potansiyelinin oldugunu tespit etmistir. Ozer [18] yapmus oldugu ¢alismada Ardahan
ili i¢in havyan giibresi ve tarimsal atiklardan elde edilebilecek biyogaz potansiyelini ve buna karsilik
gelen CO; emisyonu azaltilmasini incelemistir. Meyer ve arkadaslar1 [19] yaptiklari ¢aligmada Avrupa
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Birligine iiye iilkelerin biyokiitle ve biyogaz enerji potansiyelini incelemislerdir. Biyokiitle kaynaklarinin
verimli bir sekilde kullanilmasi i¢in daha fazla teknolojik gelismenin olmas1 gerektigini vurgulamiglardir.
Can [20] yapmis oldugu calismada Tiirkiye’deki belediye kati atiklarindan enerji iiretim kapasitesini
incelemistir. Tirkiye’de ¢Op gazlarmi kullanarak yenilenebilir enerji iiretme potansiyelinin yiiksek
oldugunu vurgulamustir.

Literatiir aragtirmasinda da goriildiigli gibi biokiitle potansiyeli ve biyogaz iiretimi giincelligini koruyan
arastirmacilarin dikkatini ¢eken bir konudur. Bu calismada Corum ili igerisinde bulunan kii¢likbas
hayvan, kanatli hayvan ve biiyiikbas hayvan atiklarindan biyogaz elde edilmesi iizerine kapsamli bir
analiz gergeklestirilmistir. Yapilan analizde Corum merkez ilge dahil 14 ilgede bulunan kanatli hayvan,
biiylikbas ve kiiclikbag hayvan sayilar1 belirlenmistir. Belirlenen hayvan sayilarina gore bu hayvanlarin
olusturdugu atiklar hesaplanmistir. Hesaplanan atiklara gore elde edilebilecek biyogaz potansiyeli her bir
ilce icin belirlenmistir. Belirlenen potansiyele gore {iretilecek elektrik miktar1 ve CO2 emisyonlari
hesaplanmustir.

2. MATERYAL ve YONTEM (MATERIAL and METHOD)

Orta Karadeniz Bolgesinin i¢ kisimlarinda bulunan Corum ili 34 derece 5 dakika dogu boylamlar ile 39
derece 54 dakika kuzey enlemleri arasinda yer almaktadir. Doguda Amasya, giineyde Yozgat, batida
Cankiri1, kuzeyde Sinop, Kuzeydoguda Samsun, giineybatida Kirikkale ile g¢evrilir. Yiizolgiimii 12820
km2 olup deniz seviyesinden yiiksekligi 801 metredir. Corum ili Merkez, Alaca, Bayat, Bogazkale,
Dodurga, Iskilip, Kargi, Lacin, Mecitozii, Oguzlar, Ortakdy, Osmancik, Sungurlu ve Ugurludag
ilcelerinden olusmaktadir [21]. Corum ili ve ilgeleri Sekil 1’de gdsterilmistir.
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Sekll 1.Corum ili ve ilgeleri

Hesaplamalarda kullanilan hayvan sayilari Enerji ve Tabii Kaynaklar Bakanligi’ndan elde edilmistir.
Corum ili igin elde edilen hayvan sayilari biiyiikbas (sigir, manda), kiigiikbas (ke¢i, koyun) ve kanath
(tavuk, hindi, kaz, ordek) seklinde toplanmistir. Yapilan literatiir arastirmasi sonucunda biiylikbas
hayvanlar i¢in ortalama giinliik 22 kg atik, kii¢ciikbas hayvanlar i¢in ortalama giinliik 2.5 kg atik ve kanath
hayvanlar i¢inse giinliik ortalama 0.08 kg atik elde edilebilecegi tespit edilmistir. Degerlendirmeye alinan
hayvanlarin atiklari i¢in ulagilabilirlik oranlari literatiirden elde edilmis ve Tablo 1°de gosterilmistir.
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Tablo 1. Hayvan atiklar: ulasilabilirlik oranlar

Ank Ulagsilabilirlik Orani (%) Kaynak
Biiyiikbag 65 [17,22]
Kiiciikbas 13 [22]
Kanatl 99 [17,22]

Hayvan atiklarindan biyogaz elde edilmesi hesabinda literatiirde bircok kabul goren ve kullanilan
yaklasimlar mevcuttur. Hayvan atifindan biyogaz potansiyelinin hesaplanmasinda asagidaki esitlikler
kullanilmistir [23].

TGAUM= (HS x HGAM )/1000 1

Burada TGAUM ile gosterilen deger toplam giinliik atik {iretim miktarmi (ton/giin) cinsinden, HS ile
gosterilen deger hayvan sayisini, HGAM ile gosterilen deger ise bir hayvanm giinlik atik miktarini
(kg/glin) cinsinden gostermektedir. Hesaplamalarda HGAM degeri biiyiikbas i¢in 22 kg/giin, kiiciikbas
icin 2.5 kg/giin, kanatli hayvan i¢in 0.08 kg/giin oldugu kabul edilmistir.

KAM=TGAUM x KAO 2

Esitlikte KAM, kat1 atik miktarini (ton/giin) cinsinden gostermektedir. Esitligin sag tarafinda kalana KAO
degeri ise kati1 atik oranidir. KAO degeri (%) cinsinden ifade edilir ve bu ¢aligmada biiylikbas hayvan i¢in
%12.7, kiiglikbas hayvan i¢in %25 ve kanatli hayvan iginse %25 oldugu kabul edilmistir [22].

TKKAM=KAM x AUO 3

3 numarali esitlikte bulunan TKKAM ifadesi toplam kullanilabilir kat1 atik miktarini (ton/yil) cinsinden
ifade etmektedir. Esitligin diger tarafinda bulunan AUO ise atik ulagilabilirlik oranidir.

BM=TKKAM x KABDO 4

Verilen esitlikte BM ifadesi yillik biyogaz miktarini (m3/y1l) cinsinden ifade etmektedir. KABDO ifadesi
ise kat1 atik biyogaz déniisiim oranmini (m3/ton) cinsinden gostermektedir. KABDO degeri 200 m®/ton
olarak kabul edilmistir [22].

TYID=BM x BBID 5

Esitlik 5’te verilen TYID ifadesi toplam yillik 1s1l degeri (MJ/y1l) olarak gosterirken BBID ifadesi ise
biyogaz birim 1s1l degeri gostermektedir. Biyogazin birim 1s1l degeri olarak 22.7 MJ/m® degeri kabul
edilmistir. Hayvansal atiklardan elde edilebilecek biyogazin yakit olarak gaz motorunda kullanilmasi ile
birlikte tiretilebilecek elektrik miktar1 hesaplanabilir.

UEM= TYID/3600 x ngm 6

Verilen esitlikte UEM, hayvansal atiklardan iiretilecek elektrik miktarii (MWh/y1l) cinsinden
gostermektedir. ngm ifadesi ise gaz motorunun net elektrik iiretim verimidir. Gaz motorunun net elektrik
verimi % 40 olarak kabul edilmistir.

3. BULGULAR (RESULTYS)

Corum ili hayvancilik yoniinden 6nemli bir potansiyele sahiptir. Enerji ve Tabii Kaynaklar Bakanligi’nin
verilerine gore Corum’da biiyiikbas hayvan sayist 241485, kiiclikbag hayvan sayisi 234412, kanath
hayvan sayis1 4406494 olarak belirtilmistir. Bu verilere gore Tiirkiye’deki biiyiikbas hayvanin yaklasik
olarak % 1.38’i, kiiciikbas hayvanin % 0.5’i ve kanathh hayvaninda % 1.22’si Corum ilinde
bulunmaktadir. Corum ili merkez ve ilgelerindeki biiyiikbas, kiiciikbas ve kanatli hayvan sayilar1 Tablo
2’de gosterilmistir.
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Tablo 2. Corum ili biiyiikbas, kiiciikbas ve kanatlt hayvan sayilar

Biiyiikbas | Kiiciikbag Kanath
Alaca 24429 15398 15998
Bayat 13442 12509 8925
Bogazkale 4507 4427 4000
Dodurga 2498 2700 2025
Iskilip 24500 16210 46513
Kargt 13064 22133 12371
Lagin 5600 9194 10059
Mecitozii 25314 19985 6590
Merkez 53951 44100 4214000
Oguzlar 3574 0 1780
Ortakdy 5352 6206 4762
Osmancik 21143 26999 8081
Sungurlu 36487 45410 60820
Ugurludag 7624 9141 10570
TOPLAM 241485 234412 4406494

Tablo 2’de gosterildigi tizere biiyiilkbag hayvan ve kanathi hayvan tiiriinde en fazla sayiya sahip bolge
Corum ili merkezi olmustur. Corum ili merkezde toplam biiyilikbas hayvanin %22.3’i ve kanatl hayvanin
%95.6 si bulunmaktadir. Kiigiikbag hayvan sayisinda ise Sungurlu ilgesi en fazla yogunluga sahip il¢edir
ve kiigiikbas hayvanlarin % 19.3’1 burada bulunmaktadir. Biiyiikbas hayvan sayisinda merkezden sonra
en fazla hayvan bulunan ilgeler 36487 ile Sungurlu, 25314 ile Mecitozli olmustur. Kii¢iikbag hayvan
sayisinda ikinci siray1 44100 adet ile Corum Merkez, {igiincii siray1 ise 26999 adet ile Osmancik ilgesi
almustir.

3.1. Bityiikbas Hayvan Degerlendirmesi (Bovine Animal Assessment)

Bu bolimde Corum ilindeki biiyiikbag hayvan sayilarina gore atik miktarlar, iiretilebilecek biyogaz
potansiyeli ve bu potansiyele bagl olarak elde edilebilecek 1sil enerji ve elektrik enerjisi miktarlart
hakkinda degerlendirmeler yapilmistir.
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Tablo 3. Corum ili ve ilgeleri icin biiyiikbas hayvan attk miktarlari

HS TGAUM (ton/giin) | KAM (ton/giin) TKKAM (ton/y1l)
Alaca 24429 537.43 68.25 16193.41
Bayat 13442 295.72 37.55 8910.38
Bogazkale 4507 99.15 12.59 2987.58
Dodurga 2498 54.95 6.97 1655.86
Iskilip 24500 539.00 68.45 16240.47
Kargi 13064 287.40 36.50 8659.81
Lacgin 5600 123.20 15.64 3712.10
Mecitozii 25314 556.90 70.72 16780.05
Merkez 53951 1186.92 150.73 35762.85
Oguzlar 3574 78.62 9.98 2369.12
Ortakoy 5352 117.74 14.95 3547.71
Osmanctik 21143 465.14 59.07 14015.19
Sungurlu 36487 802.71 101.94 24186.37
Ugurludag 7624 167.72 21.30 5053.77
TOPLAM 241485 5312.67 674.70 160074.73

Tablo 3’te Corum ili ve ilgelere gore biiylikbas hayvan sayilarina bagl olarak toplam giinliik atik tiretim
miktari, kat1 atik miktar1 ve toplam kullanilabilir kati atik miktarlar1 gosterilmektedir. Hesaplamalar
yapilirken biiyiikbag hayvanlar icin giinliik atik miktar1 hayvan basina 22 kg olarak, kati atik oranm ise
%12.7 olarak kabul edilmistir. Yapilan kabuller 1s138inda Corum’da bulunan biiyiikbas hayvanlardan
toplam kullanilabilir kat1 atik miktar1 olarak yillik 160074.73 ton degeri elde edilmistir. Biiyiikbas hayvan
sayisina bagli olarak elde edilen bu degerlerde en fazla hayvanin bulundugu Corum-Merkez, en fazla
kullanilabilir atik miktar1 saglamaktadir. Diger taraftan en diigiik kullanilabilir atik miktarini1 ise yilda
1655.86 ton ile Dodurga ilgesi saglamaktadir.
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Sekil 2°de biiyiikbasg hayvan sayilarina bagl olarak elde edilen biyogaz iiretim miktarlar1 verilmistir.
Hayvan sayisinin fazla oldugu Corum-Merkez ve Sungurlu ilgesinde iiretilebilecek biyogaz miktar1 da
fazladir. Corum genelinde biiyiikbas havyan atiklarindan iiretilebilecek biyogaz miktar1 yilda toplam
32014946.32 m® olarak tespit edilmistir. Biiyiikbas hayvan atiklarindan iiretilebilecek toplam biyogaz
miktarina bagl olarak toplam yillik 1511 deger ve iiretilecek elektrik miktar1 Tablo 4’te verilmistir.

Tablo 4. Biiyiikbas hayvandan elde edilecek enerji degerleri

TYID (MJ/nl) | UEM (MWh/yl)
Alaca 73518081.48 8168.67
Bayat 40453152.05 4494.79
Bogazkale 13563633.11 1507.07
Dodurga 7517629.356 835.29
Iskilip 73731753.10 8192.41
Kargi 39315576.43 4368.39
Lagin 16852972.14 1872.55
Mecitozii 76181452.97 8464.60
Merkez 162363339.20 18040.37
Oguzlar 10755807.57 1195.08
Ortakdy 16106626.23 1789.62
Osmancik 63628998.19 7069.88
Sungurlu 109806141.80 12200.68
Ugurludag 22944117.780 2549.34
TOPLAM 726739281.50 80748.80

Tablo 4’te goriildiigli gibi biiyiikbas hayvan atigindan yilda GJ’a doniistiiriildiigiinde 726739.28 GJ 1s1
enerjisi elde edilebilirken yilda 80748.80 MWh elektrik enerjisi elde edilebilmektedir. Bu deger yaklasik
olarak 9.2 MW Kurulu giice sahip biyogazdan elektrik iiretimi tesis potansiyelinin oldugunu
gostermektedir.

3.2. Kiiciikbas Hayvan Degerlendirmesi (Ovine Animal Assessment)
Bu bolimde Corum ilindeki kiigiikbas hayvan sayilarina gore atik miktarlari, iretilebilecek biyogaz

potansiyeli ve bu potansiyele bagl olarak elde edilebilecek 1si1l enerji ve elektrik enerjisi miktarlart
hakkinda degerlendirmeler yapilmistir.
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Tablo 5. Corum ili ve ilgeleri icin kii¢iikbas hayvan atik miktarlart

HS TGAUM (ton/giin) | KAM (ton/giin) | TKKAM (ton/yil)
Alaca 15398 38.49 9.62 456.64
Bayat 12509 31.27 7.81 370.97
Bogazkale 4427 11.06 2.76 131.28
Dodurga 2700 6.75 1.68 80.07
Iskilip 16210 40.52 10.13 480.72
Kargi 22133 55.33 13.83 656.38
Lagin 9194 22.98 5.74 272.65
Mecitozii 19985 49.96 12.49 592.68
Merkez 44100 110.25 27.56 1307.84
Oguzlar 0 0 0 0
Ortakdy 6206 15.51 3.87 184.04
Osmancik | 26999 67.49 16.87 800.68
Sungurlu 45410 113.52 28.38 1346.69
Ugurludag | 9141 22.85 5.71 271.08
TOPLAM | 234412 586.03 146.50 6951.78

Tablo 5’te Corum ili ve ilcelere gore kiigiikbas hayvan sayilarina bagli olarak toplam giinliik atik tiretim
miktar1, kat1 atik miktar1 ve toplam kullanilabilir kat1 atik miktarlar1 gosterilmektedir. Hesaplamalar
yapilirken kiiclikbag hayvanlar i¢in giinliik atik miktar1 hayvan basina 2.5 kg olarak, kat1 atik orani ise
%25 olarak kabul edilmistir. Yapilan kabuller 1s18inda Corum’da bulunan kiigiikbag hayvanlardan toplam
kullanilabilir kat1 atik miktar1 olarak yillik 6951.78 ton degeri elde edilmistir. Kiiglikbag hayvan sayisina
bagl olarak elde edilen bu degerlerde en fazla hayvanin bulundugu Sungurlu ilgesi en fazla kullanilabilir
atik miktar1 saglamaktadir. Oguzlar il¢esinde kiigiikbas hayvancilik yapilmadigi icin bu ilge toplam atik
miktarina katki saglayamamaistir.
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Sekil 3°de kiiciikbas hayvan sayilarina bagli olarak elde edilen biyogaz iiretim miktarlar1 verilmistir.
Hayvan sayisinin fazla oldugu Sungurlu ilgesi ve Corum-Merkez’de iiretilebilecek biyogaz miktar1 da
fazladir. Corum genelinde kiiciikbas havyan atiklarindan firetilebilecek biyogaz miktar1 yilda toplam
1390356.17 m* olarak tespit edilmistir. Kiigiikbas hayvan atiklarindan iiretilebilecek toplam biyogaz
miktarina bagl olarak toplam yillik 1s11 deger ve tiretilecek elektrik miktar1 Tablo 6’da verilmistir.

Tablo 6. Kiiciikbas hayvandan elde edilecek enerji degerleri

TYID (MJAl) | UEM (MWh/yil)
Alaca 2073177.09 230.35
Bayat 1684203.94 187.13
Bogazkale 596048.51 66.22
Dodurga 363526.31 40.39
Iskilip 2182504.26 242.50
Kargt 2979973.28 331.10
Lagin 1237874.41 137.54
Mecitozii 2690767.90 298.97
Merkez 5937596.43 659.73
Oguzlar 0 0
Ortakdy 835571.96 92.84
Osmancik 3635128.48 403.90
Sungurlu 6113974.01 679.33
Usurludag | 1230738.52 136.74
TOPLAM | 31561085.17 3506.78

Tablo 6’da goriildiigii gibi kiiclikbag hayvan atigindan yilda 31561.09 GJ 1s1 enerjisi elde edilebilirken
yilda 3506.78 MWh elektrik enerjisi elde edilebilmektedir. Bu deger yaklasik olarak 0.4 MW Kurulu
giice sahip biyogazdan elektrik iiretimi tesis potansiyelinin oldugunu gostermektedir.

3.3. Kanath Hayvan Degerlendirmesi (Poultry Assessment)
Bu bélimde Corum ilindeki kanatlhi hayvan sayilarina gore atik miktarlari, iiretilebilecek biyogaz

potansiyeli ve bu potansiyele bagli olarak elde edilebilecek 1si1l enerji ve elektrik enerjisi miktarlar
hakkinda degerlendirmeler yapilmistir.
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Tablo 7. Corum ili ve ilgeleri icin kanatli hayvan atik miktarlar

HS TGAUM (ton/giin) | KAM (ton/giin) | TKKAM (ton/yil)

Alaca 15998 1.27 0.31 115.61
Bayat 8925 0.71 0.17 64.50
Bogazkale 4000 0.32 0.08 28.90
Dodurga 2025 0.16 0.04 14.63
Iskilip 46513 3.72 0.93 336.14
Kargt 12371 0.98 0.24 89.40
Lacgin 10059 0.80 0.20 72.69
Mecitozii 6590 0.52 0.13 47.62

Merkez 4214000 337.12 84.28 30454.57
Oguzlar 1780 0.14 0.03 12.86
Ortakédy 4762 0.38 0.09 34.41
Osmanctk 8081 0.64 0.16 58.40
Sungurlu 60820 4.86 1.21 439.54
Ugurludag | 10570 0.84 0.21 76.38

TOPLAM | 4406494 352.51 88.12 31845.73

Tablo 7°te Corum ili ve ilgelere gore kanatli hayvan sayilarina bagl olarak toplam giinliik atik tiretim
miktar1, kati atik miktar1 ve toplam kullanilabilir kat1 atik miktarlar1 gosterilmektedir. Hesaplamalar
yapilirken kanatli hayvanlar i¢in giinliik atik miktar1 hayvan basina 0.08 kg olarak, kat1 atik orani ise %25
olarak kabul edilmistir. Yapilan kabuller 1giginda Corum’da bulunan kanatli hayvanlardan toplam
kullanilabilir kat1 atik miktar1 olarak yillik 31845.73 ton degeri elde edilmistir. Kanatli hayvan sayisina
bagli olarak elde edilen bu degerlerde en fazla hayvanin bulundugu Corum ili merkezi en fazla
kullanilabilir atik miktar1 saglamaktadir.
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Sekil 4’de kanatli hayvan sayilarina bagl olarak elde edilen biyogaz iiretim miktarlar1 verilmistir. Hayvan
sayisinin fazla oldugu Corum-Merkez’de liretilebilecek biyogaz miktar1 en fazladir. Corum genelinde
kanatli havyan atiklarindan iiretilebilecek biyogaz miktar1 yilda toplam 6369146.42 m? olarak tespit
edilmistir. Kanatli hayvan atiklarindan tiretilebilecek toplam biyogaz miktaria bagli olarak toplam yillik
1s1l deger ve iiretilecek elektrik miktar1 Tablo 8’da verilmistir.

Tablo 8. Kanatli hayvandan elde edilecek enerji degerleri

TYID (MJ/nl) | UEM (MWh/yl)
Alaca 524903.65 58.32
Bayat 292834.42 32.53
Bogazkale 131242.32 14.58
Dodurga 66441.42 7.38
Iskilip 1526118.50 169.56
Kargt 405899.68 45.09
Lagin 330041.62 36.67
Mecitozii 216221.72 24.02
Merkez 138263784.10 15362.64
Oguzlar 58402.83 6.48
Ortakédy 156243.98 17.36
Osmanctk 265142.29 29.46
Sungurlu 1995539.47 221.72
Ugurludag 346807.83 38.53
TOPLAM | 144579623.90 16064.40

Tablo 8’da goriildiigii gibi kanatli hayvan atigindan yilda 144579.62 GJ 1s1 enerjisi elde edilebilirken
yilda 16064.4 MWh elektrik enerjisi elde edilebilmektedir. Bu deger yaklasik olarak 1.9 MW Kurulu
giice sahip biyogazdan elektrik iiretimi tesis potansiyelinin oldugunu gostermektedir.

4. TARTISMA (DISCUSSION)

Corum ili igin biiyiikbas, kiigiikbas ve kanatli hayvan potansiyellerine gore toplam biyogaz iiretimi,
toplam 1s1l enerji iiretimi ve toplam elektrik tiretimi grafikleri Sekil 5’te verilmistir.
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Toplam Biyogaz miktari (1000m3/yil) Toplam 1sil deger (T3/yil)

@ 13000 - 14000 @ 260- 305
@ 6000 - 13000 @8 150260
@ 5000 - 6000 @ 130150
3500 - 5000 100 - 130
Osmancik 2000 - 3500 50-100
@ 1000 - 2000 ® -5
500 - 1000 T

300 - 500 15

Gurludag

Ortakdy

Yillik toplam elektrik iiretim miktari (MWh/yil)

@ 34000 - 35000
@ 14000 - 34000
w @ 9000 - 14000

i b 8000 - 9000
Osmancik 5000 - 8000
@ 2000 - 5000

1000 - 2000
800 - 1000

Sekil 5. Corum ili ve ilgeleri enerji degerleri

Sekil 5°’te de goriildigi gibi toplam biyogaz iiretimi toplam 1si1l enerji lretimi ve elektrik {iretim
potansiyeli Corum-Merkez’de goriilmektedir. Corum-Merkez yaklasik 13.5 milyon m® degerinde biyogaz
potansiyeline sahiptir. Sungurlu ilgesi ise yaklasik 5.1 milyon m?® ile en fazla biyogaz potansiyeline sahip
ikinci yer olarak bulunmustur. Corum ili toplam biyogaz iiretimi yaklasik 39.77 milyon m® olarak
bulunmustur. Literatiirdeki verilerle karsilastirildiginda Corum ili i¢in sonuglar ortalama degerdedir.
Toplam 1s1l enerji tiretimi incelendiginde yillik 902.87 TJ degerinde bir potansiyel oldugu goriilmektedir.
Toplam elektrik iiretim potansiyeli incelendiginde ise yillik 100319.9 MWh enerji iiretimi potansiyeli
oldugu goriilmektedir. Bu potansiyelin %33.9’unu Corum — Merkez karsilarken, %13 ile Sungurlu ilgesi
ikinci sirada, %8.75 ile Mecitdzii ilgesi ticlincii sirada yer almaktadir. Corum ilinin yillik enerji tiiketimi
764566.48 MWh olarak bilinmektedir [24]. Corum ilinde hayvansal atiklardan elde edilecek biyogazdan
tiretilecek elektrik miktart elektrik tiikketiminin yaklagik yedide birini kargilamaktadir. Bazi iller bazinda
yapilan ¢aligmalara ait biyogaz iiretim sonuclar1 Tablo 9°da verilmistir.
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Tablo 9. Cesitli illerin biyogaz potansiyelleri

It Biyogaz Miktar1 | Kaynak
Tokat | 37.9 Milyon m® [25]
Yozgat | 45 Milyon m® [26]
Sivas | 52.3 Milyon m® [27]
Bursa 52 Milyon m? [23]

Biyogazin diger yakitlara gore esdegerlikleri literatiirden alinmistir [28]. Corum ili genel biyogaz
potansiyelinin diger yakitlara gore esdegerlikleri hesaplanarak Tablo 10’da verilmistir.

Tablo 10. Corum ili iiretilebilecek biyogazin farkll yakitlardaki karsiliklary (yillik)

Biyogaz (m®) | Odun Komiirii (ton) | Odun (ton) Motorin (I) Benzin (1)
Biiyiikbay | 32014946.32 46741.82 111091863.70 | 21129864.57 | 24011209.74
Kiigiikbas 1390356.17 2029.92 4824535.90 917635.07 1042767.13
Kanatl 6369146.42 9298.95 22100938.10 4203636.64 | 4776859.82
TOPLAM | 39774448.92 58070.69 138017337.80 | 26251136.29 | 29830836.09

Tablo 10’da gorildiigi gibi sadece Corum ilinde iretilebilecek biyogaz miktari siirekli kullanilan diger
yakitlara kiyasla oldukc¢a dnemli bir potansiyeldedir ve bu kaynagin degerlendirilmesi gerekmektedir.
Corum ili i¢in toplam hayvansal atik potansiyeline bagl olarak elde edilebilecek elektrik enerjisinin diger
kaynaklarla iiretilmesi durumuna gore ortaya g¢ikacak CO; emisyon miktar karsilastirilmasi da Tablo
11°de gosterilmistir.

Tablo 11. Corum ili iiretilebilecek elektrik enerjinin yakitlara gére CO, emisyon miktarlar

Yaku CO; Emisyon (ton)
Biyogaz 2608.06
Dogalgaz 50054.69
Fuel Oil 73527.23
Ithal Kémiir 89075.28

Tablo 11°de gosterildigi gibi Corum ili biyogaz potansiyeli ile iiretilebilecek elektrik enerjisi miktarina
bagli CO; emisyon degeri diger yakitlara gore oldukga diisliktiir. Dogalgaz ile ayn1 miktarda elektrik
enerjisi tiretilmesi durumuna gore yaklagik 20 kat, ithal komiire gore ise yaklasik 34 kat daha az CO»
salinim1 gerceklesmektedir.

5. SONUC (CONCLUSION)

Biyogaz yenilenebilir enerji kaynaklarinin igerisinde 6nemli bir yere sahiptir. Diinyada birgok iilkesinde
degerlendirilen bu potansiyel 6zellikle Cin, Hindistan gibi yerlerde bireysel iiretim seklinde Finlandiya,
Almanya gibi yerlerde ise sanayi iiretim seklinde olduk¢a yaygindir. Biyogazin elde edilmesinde uygun
sartlarin saglanmas1 Onemlidir. Biyogazin {iretiminin yayginlasmast hem enerjide diga baghiligin
azaltilmasi adma hem de kiiresel 1sinmaya neden olan karbon emisyonunun azaltilmasi konusunda
oldukea etkili olacaktir.

Bu calismada Tiirkiye’nin Orta Karadeniz Bdlgesinde bulunan Corum ili ve ilgelerindeki biyogaz
potansiyelinin degerlendirmesi yapilmigtir. Biiylikbas, kiigiikbas ve kanatli hayvanlar olarak toplanan
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verilerle birlikte Corum ili ve ilgelerinde toplam 4882391 adet hayvan vardir. Toplam hayvan sayisinin %
4.94inii  biiyilkbas hayvan, %4.80’1 kiiclikbag hayvan ve %90.26’sin1 ise kanatli hayvanlar
olusturmaktadir. Hayvan sayilarinda kanatli hayvanlarin oldukc¢a fazla olmasina ragmen giinliik taze atik
miktarlarinin % 84.98’si biiyiilkbas hayvanlardan, % 9.37 si kiiciikbas hayvanlardan ve % 5.65°1 kanath
hayvanlardan saglanmaktadir. Yillik kullanilabilir kat1 atik oranlar1 incelendiginde ise biiyilikbas hayvan
atiklar1 %80.49, kiigiikbas hayvan atiklart %3.49 ve kanathh hayvan atiklari %16.02°lik kismi
olusturmaktadir.

Belirtilen hayvansal atik miktarlarina bagl olarak iiretilebilecek biyogaz miktar1 biiylikbas hayvanlar i¢in
yillik 32014946.32 m?®, kiigiikbas hayvan icin yillik 1390356.17 m® ve kanathi hayvan igin yillik
6369146.42 m® olarak tespit edilmistir. Corum ili icin toplamda iiretilebilecek biyogaz miktar1 yillik
39.77 milyon m* olarak bulunmustur. Corum ili ve ilgeleri arasinda biyogaz iiretimine en fazla katki
yapan yerler %33.95 oraninda Corum-Merkez olurken ikinci ve f{igiincii sirada sirasiyla %13.05 ile
Sungurlu ilgesi ve %8.75 ile Mecitdzii ilgesi gelmektedir.

Uretilebilecek biyogaz miktarina bagli olarak toplam 1s1l deger biiyiikbas hayvanlar igin yillik 726.7 TJ,
kiiglikbas hayvanlar icin yillik 31.5 TJ, kanatli hayvan i¢in y1llik 144.5 TJ olarak bulunmustur.

Uretilebilecek biyogaz miktarma baglh olarak toplam iiretilebilecek elektrik miktar1 ise biiyiikbas
hayvanlar igin yillik 80748.8 MWh, kiiciikbas hayvan i¢in yillik 3506.7 MWh ve kanatli hayvanlar igin
yillik 16064.4 MWh olarak tespit edilmistir. Toplamda Corum ili i¢in iiretilebilecek elektrik miktar1 yillik
100319.9 MWh olarak tespit edilmistir.

Uretilebilecek olan biyogaz miktarindan elektrik iiretilmesi durumunda 2608.06 ton CO, emisyonu ortaya
cikacagi tespit edilmistir. Ayni elektrik miktariin farkli kaynaklardan elde edilmesi durumu
incelendiginde, elektrigin dogalgazdan elde edilmesi durumunda yaklasik 20 kat, ithal komiir ile elde
edilmesi durumunda ise yaklagik 34 kat daha fazla karbon salinimi ortaya ¢ikacagi belirlenmistir.
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Today, dry hard turning is widely used in the processing of hardened steel due to its advantages
such as low cost, high machining efficiency and green environmental protection. In this study,
hard turning tests were carried out under dry cutting conditions on hardened DIN 1.2367 (55
HRC) steel material. The effect of the cutting parameters (three different cutting speeds, three
feed rates and three cutting depths) on the power consumption and sound level values was
investigated.

Figure A. Measurement of current value and sound intensity values in the experimental setup

Purpose: In this study; The effect of different cutting parameters on sound level and power
consumption in hard turning was investigated and DIN 1.2367 steel was used as work piece
material. Tool steel 1.2367 is a hot work steel with high wear resistance and heat resistance. This
material is often used in large die casting production.

Theory and Methods: In this experimental study, DIN 1.2367 material was brought to 55 HRC
hardness value by heat treatment to examine the hard turning process. All kinds of precautions
have been taken to prevent possible vibrations and the part has been rotated rigidly and without
secretions. Each experimental study data was separated from the others by opening 2 mm wide
grooves on the work piece surface. While determining the cutting parameters, tool catalog values
and literature studies were taken into consideration. The interaction between the machine tool,
cutting tool and work piece was tested by conducting preliminary experiments.

Results: The instantaneous current value and the total power consumption are inversely
proportional to each other. The instantaneous current value increases with the increase in the
cutting parameters. Even if the instantaneous current value increases with the increase in the
cutting parameters, the total power consumption decreases. Therefore, the total power
consumption decreases with increasing cutting parameters.

Conclusion: Instantaneous current values also increased with increasing cutting parameters (feed
rate, depth of cut, cutting speed). Although the increase in cutting parameters increases the
instantaneous current value, it reduces the power consumption as it shortens the processing time.
The most effective parameter in power consumption is machining time, as even just operating the
machine tool will cause a large portion of energy consumption. Estimated values according to
regression analysis; 99.22% for current, 99.11% for power consumption, 90% for volume. It can
be said that all of the values are close to the true values above 90%.
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Anahtar Kelimeler

Today, dry hard turning is widely used in the processing of hardened steel due to its advantages
such as low cost, high machining efficiency and green environmental protection. In this study,
hard turning tests were carried out under dry cutting conditions on hardened DIN 1.2367 (55
HRC) steel material. The effect of the cutting parameters (three different cutting speeds, three
feed rates and three cutting depths) on the power consumption and sound level values was
investigated. Power consumption and sound intensity were evaluated using statistical approach
with analysis of variance (ANOVA). In a study different from the literature, the relationship
between power consumption and sound level has been tried to be revealed. According to the
experimental results, as the feed rate, depth of cut and cutting speed increase; sound level and
instantaneous current value are increasing. The increase in the cutting parameters increases the
instantaneous current value, but the total processing time is reduced, thus reducing the total power
consumption.

CBN Takimlari ile DIN 1.2367 Celigin Sert Tornalanmasi Sirasinda
Gii¢ Tiiketimi ve Ses Seviyesi Arasindaki iliskinin Incelenmesi

Oz

DIN 1.2367

Sert Torna Giinlimiizde kuru sert tornalama, diisiik maliyeti, yiiksek isleme verimliligi ve yesil gevre

Gii¢ Tiiketimi korumast nedeniyle sertlestirilmis celigin islenmesinde yaygin olarak kullanilmaktadir. Bu

Ses Seviyesi caligmada, sertlestirilmis DIN 1.2367 (55 HRC) ¢elik malzeme {izerinde kuru kesme kosullarinda

CBN sert tornalama testleri yapilmustir. Kesme parametrelerinin (U farkli kesme hizi, iig ilerleme hizi
ve li¢ kesme derinligi) gii¢ tiiketimi ve ses seviyesi degerlerine etkisi incelenmistir. Varyans
analizi (ANOVA) ile istatistiksel yaklasim kullanilarak gii¢ tiiketimi ve ses yogunlugu
degerlendirilmigtir. Literatiirden farkli olarak yapilan ¢alismada gii¢ tiiketimi ile ses seviyesi
arasinda iliski ortaya konulmaya caligilmistir. Deneysel sonuglara gore ilerleme hizi, kesme
derinligi ve kesme hizi arttikca; ses seviyesi ve anlik akim degeri artmaktadir. Kesme
parametrelerindeki artis anlik akim degerini artirir, ancak toplam iglem siiresi azalir, bdylece
toplam gii¢ tiikketimi azalmis olur.

1. GIRIS (INTRODUCTION)

Artan diinya niifusu ve yasam alanlarinda daha fazla makinenin kullanilmasi, daha fazla enerji ve
hammadde tiiketimine yol agmustir. Son 100 yilda artan makine sayisiyla beraber daha kaliteli makinelere
olan ihtiyacta artmistir. Kaliteyi artirmak i¢in yiiksek mukavemetli makineler iiretilmek istenmis ve bunun
icin de malzemelere 1s1l islem uygulanmstir. Boylece yiiksek mukavemet elde edilmistir ancak beraberinde
artan sertlik degeri malzemenin islenmesini zorlastirir. Bu noktada CBN ve seramik uglarin gelistirilmesi,
sert malzemelerin islenmesini kolaylastirirken, yliksek ylizey kalitesine sahip is parcalar {retilmeye
baslanmigtir. Sert Tornalama, 50 HRC'den fazla sertlige sahip ¢eligin tornalanmasi anlamina gelir
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(Rockwell Hardness C). Sertlestirilmis ¢eliklerden veya islenmesi zor celiklerden talag kaldirmak igin
kullanilir [1]. Uretim maliyetini eski seviyelerinde tutarak ve cevreyi etkilemeden iiriin kalitesini artirmak,
bugiin icin en ¢ok odaklanan miihendislik sorunudur[2]. Sert tornalama islemi, genellikle sertlestirilmis
malzemeye uygulanan, islemin tribolojik kosullarina dayanabilen mekanik 6zelliklere sahip PCBN veya
karisik seramik takimlarla gergeklestirilir [3]. Sert tornalama islemi daha ¢evre dostu bir siire¢ olarak
gosterilmistir, ¢linkii kesme s1vis1 gerekli degildir [4-6]. Bu ¢alisma, teknolojideki bu gelismeleri incelemek
ve kiiresel anlamda ¢ok dnemli bir diger sorun olan enerji sorununa ¢6zliim getirmek amaciyla yapilmstir.
Sertlestirilmis is malzemesinin tornalanmasinda kaliteden ddiin vermeden enerji tiiketimini en aza indirmek
icin, uygun c¢alisma ortaminin se¢imi ile girdi ve ¢ikt1 faktorleri arasindaki iliskinin iyilestirilmesi
hedeflenmistir.

Diger taraftan takim tezgahlarinin verimli kullanilmasi da enerji tiikketimi agisindan biiyiikk 6nem arz
etmektedir. Takim tezgahi lizerine asir1 bir kuvvet uygulanmasi, tezgahta bir miktar asinmaya, yorgunluga
ve makine hassasiyetinin kaybina neden olacaktir. Makinenin ¢ok diisiik yiikler altinda ¢aligmas1 da ayni
sekilde enerji tiiketiminde artisa ve islenen parg¢a sayisinda azalmaya sebebiyet verecektir. Bu da
verimliligin azalmasi1 anlamina gelir ve daha fazla makine yatirimi gerektirir. Optimum isleme kosullarinin
belirlenmesi bu baglamda ¢ok dnemlidir. Bunun i¢in kesme kuvvetlerini 6l¢cmek bir yontemdir. Ancak ¢ok
maliyetlidir ve makinenin ¢aligsma kapasitesini sinirlar. Kesme kuvvetlerinin l¢iilmesine alternatif olarak,
makine tarafindan kullanilan akim veya gii¢ degeri 6l¢iiliir. Takim tezgahlariin belirli bir akim degerini
asmas1 durumunda sigorta gorevi goren roleler sadece elektronik devrelerin giivenligini saglamakla kalmaz,
ayn1 zamanda makine iizerindeki asir1 yiike maruz kalarak hassasiyetlerini kaybetmeleri de engellenir. Bu
deneysel ¢alismada anlik akim degeri, toplam islem siiresi ve toplam gii¢ tikketimi hesaplanmis ve makine
verimi lizerinden incelenmistir. Ciinkdi tiiketilen enerji miktar1 kiiresel anlamda herkesi ilgilendiren bircok
sorunun kaynagidir. Yiikselen enerji fiyatlar1 da daha az enerji kullanimi i¢in bir gerekliliktir. Enerji
tasarrufu dikkat ¢eken en 6nemli ¢dziimlerden biridir. Ancak takim tezgahlari {izerinde detayli caligmalara
ihtiya¢ vardir.

Sert tornalama isleminde basta yiizey piiriizliiliigli olmak {izere; kesme kuvveti, takim asinmasi, kesme
stvismin etkisi, kriyojenik islemler, is pargasi ve kesici takim malzemesi, talas olusum mekanizmalar1 gibi
birgok faktor degerlendirilmis ve islemin verimliligi artirllmaya c¢alisilmistir. Sert tornalama
operasyonlarinda akim, ses ve gii¢ tiiketimi tizerinde ise ¢ok fazla ¢aligma yapilmamistir. Son zamanlarda
yapilan caligma Orneklerinden bazilarn ise sOyledir; Rastorguev ve Sevastyanov, yaptiklar calismada,
105WCr6'dan yapilmis halka is parcalari ile sert tornalama deneyleri yapmislardir. Yiizey kalitesi, talag tipi
ve kesme kuvveti gostergeleri hakkinda ana hareket siiriiciisiindeki akim yiikleri seklinde veriler elde
edilmistir. Elde edilen veri analizine gore, iiretilen talas tiirli, ana tahrik akimi parametreleri ve yiizey
kalitesi arasinda bir korelasyon oldugu ifade edilmistir [7]. Sahinoglu ve Rafighi, farkli sertliklerdeki AISI
1040 celik iizerinde tornalama testleri yapmiglar ve kesme parametreleri ve is parcasi sertliginin yiizey
pliriizliligt, ses seviyesi ve gii¢ tilketimi tizerindeki etkilerini incelemislerdir. Deneysel sonuglar, ilerleme
hiz1 degerindeki bir artisin yiizey piiriizliligi, ses seviyesi ve gii¢ tiikketimi degerlerinde bir artisa neden
oldugunu géstermistir. Ilerleme miktarmin, yiizey piiriizliiliigiinii ve gii¢ tiikketimini etkileyen en etkili
isleme parametresi oldugunu ifade etmiglerdir [8]. Sahinoglu ve Rafighi bagka bir ¢aligmalarinda ise AlSI
4140 celiginin tornalanmasinda, ilerleme hizinin ¢ikt1 parametreleri iizerinde en O6nemli etkiye sahip
oldugunu ve bunu kesme derinliginin izledigini ifade ederken, ilerleme hiz1 ve kesme derinligi arttik¢a
titresim, ses yogunlugu, ylizey piiriizliiliigli ve akim degerlerinin de arttigimi belirtmislerdir [9]. Sahinoglu
ve Ulas, ilerleme hiz1 diislik, takim yarigapr yliksek ve isleme siiresi kisaltildiginda iyi bir yiizey kalitesi
elde edildigini, kesme hizi, kesme derinligi ve ilerlemedeki artig nedeniyle enerji titkketiminin azaldigini 6ne
stirmiigtiir [10]. Titresim etkisinin de gdzlemlendigi bir ¢alismada Sahinoglu ve digerleri, ilerleme hizinin
is mili titresimi ve yiizey piiriizliiliigii tizerinde en etkili kesme parametreleri oldugunu ortaya koymuslardir
[11]. Artan ilerleme hiz1 ile yilizey piiriizliilliigh degerinin arttigi bir baska caligma da Karaaslan ve
Sahinoglu’na aittir. Elde edilen deneysel sonuglara gore ilerleme hizi arttikga ses siddetinin de arttig1, artan
ilerleme hiz1, kesme derinligi ve kesme hizi ile igleme siiresinin kisaldig1 ve boylece toplam gii¢ tiiketiminin
azaltilacagma vurgu yapilmistir [12]. Iynen ve digerleri, ilerleme hizimin radyal kuvvet ve tegetsel kuvvet
tizerinde etkili oldugunu, kesme derinliginin ise ilerleme kuvvetinde etkili olduguna dikkat ¢gekmistir [13].
Iynen ve digerleri, bir baska ¢alismalarinda ise yiizey piiriizliiliigiinii incelemisler ve Ra iizerindeki en etkili
parametrelerin sirasiyla biiyiikten kiigiige ilerleme hizi, kesme hizi1 ve kesme derinligi oldugunu, Rz
tizerinde ise kesme parametrelerinin etkilerinin sirasiyla ilerleme hizi, kesme derinligi, kesme hizi oldugunu



Abidin SAHINOGLU, Mehtap YAVUZ, Mehmet AKKAS | GU J Sci, Part C, 9(2):262-271 (2021) 265

ifade etmislerdir [14]. Ozdemir, yiizey piiriizliiliigii (Ra ve Rz) {izerindeki en etkili parametrelerin ilerleme
hiz1 (f) ve takim ucu yarigap1 (R) oldugunu ortaya koymustur [15]. Ozdemir de calismasinda benzer sekilde,
ylizey pliriizliligiinii etkileyen en 6nemli parametrelerin sirasiyla ilerleme hizi, kesme derinligi ve kesme
hiz1 oldugu sonucuna varmistir [16].

Bu calismada ise; sert tornalamada farkli kesme parametrelerinin ses seviyesi ve gii¢ tiiketimi tizerine etkisi
arastirilmis ve is parcast malzemesi olarak da DIN 1.2367 celigi kullanilmistir. Takim ¢eligi 1.2367, yiliksek
asinma direncine ve 1s1 direncine sahip bir sicak is ¢eligidir. Bu malzeme genellikle biiyiik basingli dokiim
iiretiminde kullanilir. Deneylerde ti¢ farkli kesme derinligi (0,10-015-0.20 mm) kesme derinligi, ii¢ farkl
kesme hiz1 (175, 200, 225 m/dak) ve ti¢ farkli ilerleme hiz1 (0.06-0.12-0.18 mm/dev) kullanilmustir.

2. MALZEME VE YONTEM (MATERIAL AND METHOD)

Bu deneysel ¢alismada, sert tornalama islemini incelemek igin DIN 1.2367 malzeme 1s1l islem ile 55 HRC
sertlik degerine getirilmistir. Olabilecek titresimlerin engellenmesi icin her tiirlii 6nlem alinarak parganin
rijit ve salgisiz donmesi saglanmustir. Is parcasi yiizeyinde 2 mm genisliginde kanallar agilarak her bir
deneysel calisma verisi digerlerinden ayrilmistir. Kesme parametreleri belirlenirken, takim katalog
degerleri ve literatiir calismalari goz dniinde bulundurulmustur. On deneyler yapilarak takim tezgah, kesici
takim ve is pargasi arasindaki etkilesim test edilmistir.

Kesici takim olarak sert tornalama islemine uygun Sandvik Coromant firmasma ait DCGW11T304
geometrisine sahip CBN takim kullanilmistir. Sert malzemelerde kopma dayaniminin yiiksek olmasi sadece
diisiik ilerleme ve talag derinliginin tercih edilmesini degil ayn1 zamanda takim, kater, ayna ve punta
baglantisinin da yeterince rijit olmasini gerekli kilmaktadir. Bu nedenle baglama diizeni bu dogrultuda
olusturulmustur. isleme deneyleri Tezmaksan CNC torna tezgahinda (20 hp giiciinde, 4000 rpm devir
sayisina sahip) yapilmustir.

Sekil 1. Deney diizeneginde akim degeri ve ses siddeti degerlerinin ol¢iilmesi

Olgiim islemlerinde kullamlan cihazlarin kalibrasyonu yapilmis ve alman ii¢ farkli degerin aritmetik
ortalamasi alinarak hesaplanmustir. Sekil 1°de goriildiigii tizere akim degeri i¢in UNI-T UT 201 model Pens
ampermetre kullanilmistir. Bir fazdan gecen akim degeri alinmistir. Bu deger gerilim ve siire ile ¢arpilarak,
belirli bir miktar talas kaldirmasi igin gereken giig tiiketimi hesaplanmistir. Ses siddetinin 6l¢iimil i¢in sekil
1 de gorildugi tizere LT SL-401 model ses siddeti 6lgiim cihazi talas kaldirma bolgesinden 50 cm uzaga
yerlestirilmistir. Filtre A ve slow pozisyonundan 6l¢iim alinmustir. Deney yapilan ortamin oldukga sessiz
oldugu zaman dilimleri tercih edilmistir. Veriler minitap 16 istatistiksel paket programi kullanilarak analiz
yapilmistir. 3D grafikler ¢ikartilmustir.
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3. BIRDEN COK BAGLANTILI GET TASARIMI VE UYGULAMASI (DESIGN AND
APPLICATION OF MULTIPLE-LINK SST)

Sert tornalama performansi parametrelerden, yani kesme hizindan, ilerleme hizindan ve kesme
derinliginden biiyiik 6l¢iide etkilenir. Optimum isleme parametrelerini tahmin ederek gii¢ tiikketimini en aza
indirmek hem de ses seviyesi ile gii¢ tiiketimi arasindaki iligkiyi arastirmak i¢in yapilan bu deneysel tam
faktoriyel deney tasarimi kullanilmis ve sonuglar Tablo 1°de verilmistir.

Tablo 1.Kesme parametrelerine bagli olarak anlik akim degeri, giic tiiketimi, iglem stiresi ve ses seviyesi
sonuclart

Den.No a(mm) v f(mm/rev)  Akim (A) Giic Tiiketimi Siire (s) Ses Seviyesi
(m/min) (Watt) (dB)
1 0,1 175 0,06 2,39 54082,29 34,29 73,4
2 0,1 175 0,12 2,46 27833,14 17,14 73,5
3 0,1 175 0,18 2,5 18857,14 11,43 73,6
4 0,1 200 0,06 2,46 48708 30,00 73,6
5 0,1 200 0,12 2,55 25245 15,00 73,9
6 0,1 200 0,18 2,61 17226 10,00 73,9
7 0,1 225 0,06 2,6 45760 26,67 74,2
8 0,1 225 0,12 2,7 23760 13,33 74,5
9 0,1 225 0,18 2,8 16426,67 8,89 74,7
10 0,15 175 0,06 2,54 38317,71 22,86 73,5
11 0,15 175 0,12 2,64 19913,14 11,43 73,6
12 0,15 175 0,18 2,72 13677,71 7,62 73,3
13 0,15 200 0,06 2,56 33792 20,00 73,3
14 0,15 200 0,12 2,72 17952 10,00 73,4
15 0,15 200 0,18 2,82 12408 6,67 73,5
16 0,15 225 0,06 2,69 31562,67 17,78 74,6
17 0,15 225 0,12 2,82 16544 8,89 74,7
18 0,15 225 0,18 2,97 11616 5,93 74,9
19 0,2 175 0,06 2,55 28851,43 17,14 73,2
20 0,2 175 0,12 2,69 15217,71 8,57 73,4
21 0,2 175 0,18 2,82 10635,43 5,71 73,4
22 0,2 200 0,06 2,62 25938 15,00 73,3
23 0,2 200 0,12 2,78 13761 7,50 73,4
24 0,2 200 0,18 2,93 9669 5,00 73,6
25 0,2 225 0,06 2,75 24200 13,33 74,3

Tablo 1’deki deneysel sonuglar incelendiginde, kesme parametrelerindeki artis ile gii¢ tiiketimi
degerlerinde bir azalma s6z konusu iken ses seviyesi; kesme derinligi ile azalms ancak kesme hizi ve
ilerleme miktar1 ile artmustir.
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Endiistride artan taleplere kisa siirede cevap verebilmesi bakimindan isleme siiresi dnemli bir yere sahiptir.
Birim zamanda iiretilen iiriin say1sin1 artiracag igin isletmelerin rekabet sansini arttirir. Isleme siiresi takim
tezgahmin giic tiiketimi ile dogrudan iliskilidir. isleme siiresi ne kadar kisaltilirsa giic tiiketimi o oranda
azalir. Bu da yiiksek kesme parametreleri tercih edilerek saglanir. ilerleme miktar1, kesme hiz1 ve talas
derinligindeki artig isleme siiresinin azalmasini saglar.

Sekil 2°de anlik akim degeri, gii¢ tiiketimi ve ses seviyesi i¢in Taguchi “en kii¢iik en iyi” yaklasimina goére
ana etki grafikleri ve kesme parametrelerine bagh yiizey grafikleri verilmistir.
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Sekil 2. Anlik akim degeri, giic tiiketimi ve ses seviyesi i¢in Taguchi “en kiiciik en iyi” yaklasimina gére
ana etki grafikleri ve kesme parametrelerine bagl yiizey grafikleri

Anlik akim degeri, tezgahtaki anlik yiik miktarinin bir gostergesidir ve gii¢ tiiketimini dogrudan etkileyen
onemli bir parametredir. Kesme parametreleri de anlik akim degerini 6nemli derecede etkiler. Nitekim Sekil
1 bunun gostergesi niteligindedir. Artan kesme parametreleri (ilerleme miktari, kesme derinligi, kesme hiz1)
ile anlik akim degerleri de artmistir. Bu parametreler arasinda da en ekili olanin ilerleme miktar1 oldugunu
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grafikteki egimin daha dik bir egilim gosterdiginden anlayabiliriz. Artan ilerleme miktar1 ile birim zamanda
takim tizerindeki ylik miktar1 artar ve bu da tezgahtan ¢ekilen akimi artirir. Bu durum anlik talas kesitinin
artmasinda da goriilmektedir. ilerleme miktar1 artinca kesme kuvvetlerinin artmasinda bu durumun
gostergesidir [17]. Ayrica dlgiimii pahali ve zahmetli olan kesme kuvvetleri yerine anlik akim degerinin de
bir gosterge oldugu bilinmektedir. [7]. Kesme hizindaki artista akim degerinin bir miktar artmasini saglar.
Ciinkii devir sayisindaki artis motorun tiikettigi akim degerinin artmasina neden olur. Artan kesme hiz ile
kesme kuvvetlerinin diistigii bilinmektedir[18]. Buna ragmen kesme kuvvetleri bir miktar diigse de motor
devir sayisi arttig1 i¢in akim degeri bir miktar artmustir.

Anlik akim degeri ve toplam isleme siiresinin bir fonksiyonu olan giig tiiketimi, isletme maliyetlerini 6nemli
oranda etkilerken kiiresel anlamda da enerji kaynaklarinin verimli kullanilmasi agisindan diinyada biiyiik
oneme sahiptir. Sekil 1’den de anlasilacag: lizere kesme parametrelerindeki artis, anlik akim degerini
arttirsa da isleme siiresini kisalttigi icin giic tiiketimini azaltmaktadir. Sadece takim tezgdhini calistirmak
dahi biiyiik bir enerji sarfiyatinin kismina neden olacagi i¢in gii¢ tiiketiminde en etkili parametre isleme
stiresidir. Bu durumda tezgéhin ¢aligma siiresinin kisalmasi i¢in kesme parametrelerini arttirmak gerekir.
Fakat kesme parametrelerinde ilerleme miktarini arttirmak yiizey piiriizliilik degerini arttiracaktir.
Dolayisiyla gii¢ tiiketimini azaltmak, isleme siiresini kisaltmak ve yiizey kalitesini bozmamak i¢in; kesme
parametrelerinin iyi se¢ilmesi gerekir. Akimin ana siiriiciide kaydedilmesi, yiizey durumunun ve talag
ozelliklerinin olusumunun ¢evrimici tanisini saglar. Kesme kuvvetine donistiiriillen akim parametreleri, bu
ozellikleri karakterize etmek i¢in istatistiksel olarak nasil gerekg¢elendirildigi literatiirde mevcuttur [7].

Ses seviyesi ile anlik akim degerleri arasinda dogru bir orant1 varken gii¢ tiikketimi ile ters bir orant1 s6z
konusudur. Isleme siiresi ile dogrudan iliskili olan bu durum, kesme derinligindeki artigla ters yonde
etkilenmistir. Ses seviyesinin de oldukca kolay ve maliyetsiz bir yontem olmasiyla calismalarda
kullanilabilecegi daha 6nce yapilan ¢alismalarda da vurgulanmisti [8,19].

Tiim kesme parametreleri i¢in varyans analizi ve regresyon analizi Tablo 2'de verilmistir. Tabloya gore
regresyon analizine gore tahmin edilen degerler; akim i¢in% 99,22, gii¢ tiikketimi i¢in% 99,11, ses seviyesi
icin % 90’dir. Degerlerin hepsi %90’ 1n tlizerinde gercek degerlere yakin oldugu sdylenebilir.
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Tablo 2. Anlik akim degeri, gii¢ tiiketimi ve ses seviyesi i¢in varyans analizi ve regresyon analizi ve etki orani
Source DF Seq SS Adj SS Adj MS F p % Etkisi
Regression 9 0,774478 0774478 0,086053 370,18 0,000  99,49231
Linear 3 0,732783 0,732783  0,244261 1050,76 0,000  94,13602
= a (mm) 1 0,247339 0,247339  0,247339 1064,00 0,000 31,77408
3 v (m/min) 1 0,235756 0,235756  0,235756 1014,17 0,000 30,28609
§ f mm/rev) 1 0,249689 0,249689  0,249689 1074,11 0,000  32,07597
g Square 3 0,015928 0,015928  0,005309 22,84 0,000  2,04617
g’ a (mm)*a (mm) 1 0,009335 0,009335  0,009335 40,16 0,000 1,199209
; v (m/min)*v (m/min) 1 0,006230 0,006230  0,006230 26,80 0,000  0,800329
3 f mm/rev)*f mm/rev) 1 0,000363 0,000363  0,000363 1,56 0,228  0,046632
g Interaction 3 0,025767 0,025767  0,008589 36,95 0,000  3,310124
%" a (mm)*v (m/min) 1 0,000033 0,000033  0,000033 0,14 0,710  0,004239
s a (mm)*f mm/rev) 1 0,019200 0,019200  0,019200 82,59 0,000  2,466503
i v (m/min)*f mm/rev) 1 0,006533 0,006533  0,006533 28,10 0,000  0,839253
= Residual Error 17 0,003952 0,003952  0,000232 0,507689
E Total 26 0,778430 100

Giig tiiketimi i¢in varyans analizi

Ses seviyesi i¢cin varyans analizi

Anhk alkim = 3,45037+5,74444%a-0,0177111*v- 2,62963*f -15,7778*a*a +5,15556E-05*v*v-2,16049*f*f-
0,00133333*a*v+13,3333*a*f+0,0155556*v*f

R-Sq = 99,49% R-Sq(pred) = 98,73% R-Sq(adj) = 99,22%

Source
Regression
Linear
a (mm)
v (m/min)
f mm/rev)
Square
a (mm)*a (mm)
v (m/min)*v (m/min)
f mm/rev)*f mm/rev)
Interaction
a (mm)*v (m/min)
a (mm)*f mm/rev)
v (m/min)*f mm/rev)
Residual Error
Total

DF

o

P PR RPRRPWRRPRRPWOWRRREP®W

7
26

Seq SS

Adj SS

3889938054 38899380
3461570945 34615709

904698227 90469822
70020567 70020567
2486852150 24868521
229308263 22930826
24832452 24832452
1804641 1804641
202671170 20267117
199058847 19905884
3345405 3345405
180018179 18001817
15695263 15695263
22836245 22836245
3912774299

Gii¢ tiiketimi i¢in regresyon analizi =
+1614425*f*f +422,400*a*v+1291060*a*f+762,434*v*f
R-Sq =99,42% R-Sq(pred) = 98,40% R-Sq(adj) = 99,11%

Source
Regression
Linear
a (mm)
v (m/min)
f mm/rev)
Square
a (mm)*a (mm)
v (m/min)*v (m/min)
f mm/rev)*f mm/rev)
Interaction
a (mm)*v (m/min)
a (mm)*f mm/rev)
v (m/min)*f mm/rev)
Residual Error
Total

Ses seviyesi igin regresyon analizi = 102,698-13,0000*%a-0,297222*v-13,6574*f -4,44444*a*a
+0,000755556*v*Vv -3,08642*f*f+0,0600000*a*v+8,33333*a*f+0,0777778*v*f

PR WRPRRPPOWRRPRPRPWOQ
A

[EEN

17
26

Seq SS

8,15833
6,58056
0,08000
6,12500
0,37556
1,33944
0,00074
1,33796
0,00074
0,23833
0,06750
0,00750
0,16333
0,52685
8,68519

Adj MS
432215339
1153856982
904698227
70020567
2486852150
76436088
24832452
1804641
202671170
66352949
3345405
180018179
15695263
1343309

F
321,75
858,97
673,49
52,13
1851,29
56,90
18,49
1,34
150,87
49,40
2,49
134,01
11,68

p
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,262
0,000
0,000
0,133
0,000
0,003

208935-625324*a-584,739*v-929509*f+813756a*a

Adj SS
8,15833
6,58056
0,08000
6,12500
0,37556
1,33944
0,00074
1,33796
0,00074
0,23833
0,06750
0,00750
0,16333
0,52685

R-Sq = 93,93% R-Sq(pred) = 84,61% R-Sq(adj) = 90,72%

Adj MS
0,90648
2,19352
0,08000
6,12500
0,37556
0,44648
0,00074
1,33796
0,00074
0,07944
0,06750
0,00750
0,16333
0,03099

F
29,25
70,78
2,58
197,64
12,12
14,41
0,02
43,17
0,02
2,56
2,18
0,24
5,27

p
0,000
0,000
0,127
0,000
0,003
0,000
0,879
0,000
0,879
0,089
0,158
0,629
0,035

% Etkisi
99,41637
88,46845
23,12166
1,789538
63,55726
5,860503
0,634651
0,046122
5,179731
5,087409
0,0855
4,600781
0,401129
0,583633
100
+0,877485v*v

% Etkisi
93,93381
75,7676
0,921108
70,52235
4,324143
15,42212
0,00852
15,40507
0,00852
2,744097
0,777185
0,086354
1,880558
6,066073
100
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Anlik akim degeri ile toplam gii¢ tiiketimi bir biri ile ters orantilidir. Kesme parametrelerdeki artig ile anlik
akim degeri artmaktadir. Kesme parametrelerindeki artis ile anlik akim degeri artsa bile toplam giic tiiketimi
azalmaktadir. Bundan dolay1 artan kesme parametreleri ile toplam giic tiiketimi azalmaktadir. Diisiik akim
degeri istenildigi durumlarda diisiik kesme parametreleri tercih edilmesi gerekirken, igleme siiresi ve toplam
glic tiiketimini disiik olmasi istenildigi durumlarda kesme parametrelerinin yiiksek seviyeleri tercih
edilmesi gerekir. Tercih edilme sartlarina gore diisiik akim degeri i¢in diisiik kesme parametreleri . Diisiik
enerji titketimi icin yliksek kesme parametreleri tercih edilmesi gerekir.

4. GENEL SONUCLAR (GENERAL RESULTS)

boyutlari, sogutma s1visi veya kuru kesme sartlar1 gibi birgok faktore gore kesme parametrelerinin optimum
seviyeleri vardir. Bu ¢alismada da ¢ok degiskenli olan bu sert tornalama siirecinde biiyiik bir dneme sahip
olan kesme parametreleri degerlendirilmis ve dlglilmesi diisiikk maliyetli ve pratik olan gii¢ tiikketimi ve ses
seviyesi de performans kriteri olarak belirlenmistir. Ayrica anlik akim degeri, gii¢ tiikketimi ve ses seviyesi
arasindaki iliski incelenmistir.

Elde edilen deneysel ¢alismalarda;

v Sert tornalama performansi parametrelerden, yani kesme hizindan, ilerleme hizindan ve kesme
derinliginden biiylik dl¢iide etkilenir.

v’ lsleme siiresi takim tezgahimin gii¢ tiikketimi ile dogrudan iliskilidir. isleme siiresi ne kadar
kisaltilirsa giig tiiketimi o oranda azalir. Bu da yiiksek kesme parametreleri tercih edilerek saglanur.
Illerleme miktari, kesme hiz1 ve talas derinligindeki artis isleme siiresinin azalmasini saglar.

v Artan kesme parametreleri (ilerleme miktari, kesme derinligi, kesme hizi) ile anlik akim degerleri
de artmistir. Bu parametreler arasinda da en ekili olanin ilerleme miktar1 oldugunu grafikteki
egimin daha dik bir egilim gosterdiginden anlayabiliriz. Artan ilerleme miktar ile birim zamanda
takim tizerindeki yiik miktar1 artar ve bu da tezgahtan ¢ekilen akimi artirir.

v' Kesme parametrelerindeki artis, anlik akim degerini arttirsa da isleme siiresini kisalttig1 i¢in giic
titketimini azaltmaktadir. Sadece takim tezgahini calistirmak dahi bilylik bir enerji sarfiyatinin
kismina neden olacag i¢in gii¢ tiiketiminde en etkili parametre isleme siiresidir. Bu durumda
tezgahin caligma siiresinin kisalmasi i¢in kesme parametrelerini arttirmak gerekir. Fakat kesme
parametrelerinde ilerleme miktarini arttirmak yiizey piirtizliilik degerini arttiracaktir. Dolayisiyla

gii¢ tikketimini azaltmak, isleme siiresini kisaltmak ve yiizey kalitesini bozmamak i¢in; kesme
parametrelerinin iyi se¢ilmesi gerekir.

v Ses seviyesi ile anlik akim degerleri arasinda dogru bir oranti1 varken giic tiiketimi ile ters bir oranti
s6z konusudur. Isleme siiresi ile dogrudan iliskili olan bu durum, kesme derinligindeki artisla ters
yonde etkilenmistir. Ses seviyesi oldukca kolay ve maliyetsiz bir yontemdir ve ¢aligsmalarda basarili
bir sekilde kullanilabilir.

v Regresyon analizine gore tahmin edilen degerler; akim i¢in% 99,22, gii¢ tiikketimi i¢in% 99,11, ses
seviyesi i¢in % 90’dir. Degerlerin hepsi %90’in {izerinde gercek degerlere yakin oldugu
sOylenebilir.
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In this study, the free vibration analysis of a functionally graded (FG) microbeam with tapered
cross-section was carried out theoretically. The beam has material distribution according to the
power law throughout the thickness. The governing equation was reduced to an ordinary
differential equation for a tapered beam with cross-sectional geometry whose width varies
exponentially. Vibrations of a FG tapered microbeam was analyzed analytically in the elastic
variation range based on the modified stress couple theory. Motion equations and boundary
conditions were derived from the Hamilton principle. Analytical results of natural frequencies
were calculated for cantilever exponential FG beams. Solutions for natural frequencies were
obtained as the ratio of the beam's characteristic size to the material internal length parameter and
according to the FGM distribution function characteristics.

Fonksiyonel Derecelendirilmis Konik Kesitli Bir Mikro Kirisin
Serbest Titresim Analizi

0Oz

Fonksiyonel
derecelendirilmig
malzemeler,

mikro kiris,

serbest titregim analizi,
konik kesit

Bu caligmada, konik kesitli fonksiyonel derecelendirilmis (FD) bir mikro kirisin serbest titresim
analizi teorik olarak gergeklestirilmistir. Kiris, kalinlik boyunca gii¢c yasasina gére malzeme
dagilimina sahiptir. Yonetici denklem, genisligi iistel olarak degisen bir enine kesit geometrisine
sahip konik kiris i¢in siradan bir diferansiyel denkleme indirgenmistir. Fonksiyonel
derecelendirilmis konik bir mikro kirigin titresimleri, modifiye edilmis gerilim ¢ifti teorisine
dayali olarak elastik varyasyon araliginda analitik olarak analiz edilmigtir. Hareket denklemleri
ve sinir kosullar1 Hamilton ilkesinden tiiretilmistir. Dogal frekanslarin analitik sonuglari, konsol
istel FD kiris i¢in hesaplanmigtir. Dogal frekanslar i¢in ¢dztimler, kirisin karakteristik boyutunun
malzeme i¢ uzunluk parametresine orani olarak ve FDM dagilim fonksiyonu 6zelliklerine gére
elde edilmistir.

1. INTRODUCTION

Functionally graded material is a type of composite material produced to use the toughness property of
metal and high thermal resistance of ceramic. In recent years, FD materials are widely used in micro and
nanostructured systems such as thin films of shape memory alloys [1], micro and nano-electromechanical
systems (MEMS and NEMS) [2-3] biosensors, actuators [4-5], and atomic force microscopes (AFM) [6].
Devices such as MEMS, NEMS, and AKM are formed from beams. Beams can be of fixed or variable
cross-section. Analysis of the material's static and dynamic behavior plays a vital role in structures
consisting of beams. To determine the operating range of the systems, it is necessary to determine the
natural frequencies of the beams.

*Corresponding author, e-mail: duyguipci@gazi.edu.tr DOI: 10.29109/gujsc.900950
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Researchers have conducted many studies on the bending, vibration, and static properties of macro-sized
FDM beams in the literature. In these studies, classical continuous media theory was used, and solutions
were made by considering the change of material properties throughout the thickness [7-10]. There are
fewer studies, as the solutions to problems occurring in axially graded beams are problematic due to the
multivariate coefficient main equations [11-12]. Elishakoff et al. carried out a study to obtain the more
accurate results of beams' natural frequencies with different end support structures by using the semi-
inverse approach. The semi-inverse method gives a closed-form solution, and this method yield results
similar to some special polynomials for a given bending stiffness and bulk density. The authors reported
that this method is not suitable for determining higher-order natural frequencies. Huang and Li [13] aimed
to determine an FDM beam's natural frequencies by converting the variable coefficient motion equation
into the Fredholm equation. With this method, the authors could only estimate the approximate values of
natural frequencies. Murin et al. [14] developed an analytical method for beams with variable material
properties. Linear beam theory has been used in the formation of the equations; the effect of the moment
of inertia, shear force, and mass distribution is considered. In the study, it was assumed that the beam has
a constant cross-sectional area. The results were compared with the finite element results and found to be
compatible.

The first work on microstructures, R.D. Mindlin [15], carried out on micro-structures with linear elasticity.
Fleck and Hutchinson [16] reformulated the macro-dimensional classical coupled-stress theory for analysis
of microstructures. Yang F. et al. [17] developed the modified couple stress (strain gradient) theory using
the stress pair theory. Park and Gao [18] developed a new model using the Euler-Bernoulli beam method
and the modified stress pair theory. They showed that this new model includes an internal material length
scale parameter and that the size effect is significantly useful in solutions. They found that the beam has
greater flexural stiffness than the classical beam theory, thanks to the newly developed modeling. The
difference between the deflections in these two models increased as the beam thickness decreased. It was
observed that as the thickness of the beam increased, similar results were obtained in both methods. This
modeling is best suited for micro-beam structures.

Akgoz and Civalek [19] combined the Euler-Bernoulli beam and modified stress couple theory to analyze
tapered micro-beams' vibration behavior with the axial material distribution. The micro-beam analysis
whose material properties change in the axial direction was carried out for the boundary condition with one
fixed end and the other free end. The method developed by Rayleigh-Ritz provided an approximate solution
to the free transverse vibration problem. The effects of taper and material properties on the natural
frequency of the axially functionally graded micro-beam were explained in detail.

Asghari et al. [20] analyzed the size-dependent static and vibration behaviors of microbeams made of FD
material analytically in the elastic region, based on the modified coupled-stress theory. The governing
equation of motion and boundary conditions are derived based on Hamilton's principle. They obtained the
closed-form solution for natural frequency and static deviation depending on the ratio function of the beam's
characteristic size to the internal material parameter and the distribution function of the material properties.
These results show that when the ratio of the beam's characteristic size to the internal material length
parameter is small, the static deflection and natural frequencies obtained from the Modified Coupled-Stress
Theory differ significantly compared to the classical beam theory.

This study, it is aimed to adapt the traditional modeling theories used in the vibration analysis of elastic
structured macro dimensional beams to micro dimensional functionally graded beams and to obtain free
vibration of the material by analytical methods. The motion equations of microbeam having cross-sectional
area along their length have been obtained based on the modified coupled-stress theory and Hamilton's
principle. The governing equations of the tapered FGM microbeam are solved analytically by regarding the
beam'’s boundary conditions, the cross-sectional area's geometry, the distribution function, and the direction
of the material properties.

2. MATHEMATICAL MODEL

Functionally graded materials are produced by combining materials inert in a volumetric ratio. A FGM
beam seen in Figure 1 has material distribution along the direction of the beam thickness.
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Figure 1. Functional graded beam with material properties varying across thickness (TFGM)

The variations of the beam's material properties according to the Z point selected in the thickness direction
might be expressed by using power-law distribution functions as follows.

YA

p(f)=pb+(ﬁjn(pt—pb) 1

E(Z):Eb+(%)n(Et—Eb) 2

ﬂ(7)=ﬂb+(%jn(ﬂt—ub) 3

The equations (1), (2) and (3) are defined the density, elasticity module and shear modulus between the
base and the top of the beam, respectively. In the last three equations, N shows the material distribution
index. FGM beam forming materials are generally selected as Germanium-Silicon (Ge-Si) elements used
in MEMS production [3]. Mechanical properties of Germanium and Silicon materials are given in Table 1.

Table 1. Material properties of Germanium and Silicon

Germanium Silicon
Shear modulus ('u) 41 GPa 79.9 GPa
Possion ratio(v) 0.28 0.26
Density (o) 5.33 glcm? 2.33 glcm®
Elasticity modulus( E) 102.7 GPa 131 GPa

The micro-beam's height, width, length and internal length scale range are h, =10"° m, b=2h,,

L =20h, and 0<h/1 <10 respectively. It is assumed that the upper surface of the beam is germanium
and the lower surface is silicon.

Yang et al. expressed the modified coupled-stress theory by obtaining the strain energy density in terms of
the curvature tensor and the function of the strain tensor. The strain energy (U) occurring in the volume of
the beam with linear elastic isotropic material property was written using the modified stress couple theory
[21] as follows.

U =%waﬁ (&, +myz;)av  (i,j=123) 4

o =ﬂ,tr(5ij)l +2ug; 5
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m; :ZIZ,UZij 6
i :%(V6’+V0T) 7
& :%(VU+VUT) 8
o, :%curl(u)i. 9

Using the Euler-Bernoulli based beam theory, the displacement functions given in the last 5 equations might
be arranged as

ow(Xx,t
0,=- ( ) 6,=6,=0 10
OX
1d*w
ZXX:_EW, Zyyzlzzzj@y:;(xz:lyzzo 11
d*w
gXX:—ZdZ, Ey=6,=6y=6,=¢,=0 12
X
d*w
GXX=—ZEd2, o, =0,=0,=0,=0,=0 13
2
mxy:—lzy?jx\;v, m,=m,=m,=m,=m, =0 14

The elasto-dynamic behavior of an anisotropic linear elastic beam is defined by the expanded Hamilton
principle. In this principle, the virtual work of the forces acting on the system in a certain time interval and
the kinetic and potential energy changes occurring in the system move so that the integral is zero. Based on
this approach, by deriving the dynamic equation of motion of the beam with the extended Hamilton
principle and disregarding external forces, Equation (4) is arranged as

68—)(22((5 (x)+|2,uA(X))azv(;—)((z(’t)}LPA(x)w=0' 15

The moment of inertia and cross-sectional area along the length direction of the tapered beam might be

defined as
1(x)=1,i(x) 16
A(x)=Aa(x). 17
. . ) . X t w
For the purpose of non-dimensional the beam motion equation, 77 :E, T= o y =E terms are
0

defined. Eq. 15 is rearranged with last two equations and non-dimensional terms as follow
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(e e Oy, PAL (1O _
anz[(Elol(n)Hyﬁba(n))anzj+ % a(n)arz—o (18)

where i(77) and a(7) denote inertia shape function and area shape function. In the last equation, inertia

moment of the beam is defined as | = I i (77) and the components of inertia are expressed as
I, =cbh,’ 19
i(n)=y(n)2°(n)- 20

In Eqg. 19 represent cross section width, cross section height and cross-sectional shape function constant
respectively. In Eq. 20 y(77) and z(7) denote dimensionless width and height of the beam and are in

0<y(n)<land 0<z(7)<1 ranges. The A= Aja(7) given inthe Eq.17 cross-sectional area equation
was rearranged similar to definition of moment of inertia as follows

A, =c.byh, 21

a(n)=y(n)z(n) 22

where C, presents cross-sectional shape function constant. For the cross section of the beam with varying
exponentially, dimensionless width and dimensionless height of the beam might be expressed as

y(n)=e*"" g =Ing 23
Z(n):e“e(l_"), a,=Ina. 24

For a beam having constant height and exponential variable width, the functions of inertia and cross section
might be represented as

i(r)=e*" 25

3(77) _ eﬂe(l—ﬂ) 26
where [, denotes taper index of the beam.
Eq. 18 is rearranged by considering the i(77) =a(7)as follow

o (. 0%y pAL 0%y
1 — |+a =0. 27
8772[ (77) 8772] (77)(EI0+|2L1P\))t02 or?

The last equation is a function of spatial and time. In order to obtain a solution with time-indepented, last
equation is discretized by using the equation of y(77,7) =W (77) F(7) as follows

O A
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L4
By considering the terms of r =t /t,, Q* = @t %, t,° = (EIpA‘W , time-independent component of
ot u
the Eq. 28 is expressed as
o (., \OW
i —-a(n)Q'W =0 29
2022 |-atn
and time-depended component of the Eq. 28 is obtained as
F”(z‘)+a)2F(r)=0. 30

The inertia and cross section area functions given in Eqgs. 25 and 26 respectively, the motion equation of
the tapered beam with exponentially are rearranged with Eq. 29 as follow

2
d ~| e dZV\z/ —Q'e\W =0. 31
dn dn
Solution of the last equation is obtained as
W (77) =€’ [C, cosh(g,7) + C, sinh(g,77) +C, cos(&,7) +C, sin(,n) | 32

The following equations are used to calculate the natural frequency of the beam.
g =NQ*+6°
&, = O - 652

The ©Q* symbol indicates the natural frequency of the beam and is only due to the taper structure of the
beam.

0*>5% (6=412) 33

X

L Meutral axis

L 1

Figure 2. The coordinates and neutral axis of FDM [20]

To calculate the frequency of the FGM beam, the FGM properties of the beam must be defined. During the
movement of the beam, there is a neutral axis on the beam that is not subjected to any elongation or

shortening. The z, in Figure 2 represents the distance from the bottom of the beam to the neutral axis. To
determine the position of the neutral axis, force balance is expressed as
o*w(x,t)

[0 dA=—[E(7)2—F7—dA=0 34
° \ OX

Elastic modulus expression given in the last equation is defined as

[E(2)zdA=[E(2)(2-2,)dA=0 35
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The distance from the bottom of the beam to the neutral axis is indicated as
[E(2)2dA  [E(2)2bdz
A _ A 36

i [E(2)dA  [E(2)baz

A

The Eq. 36 is rearranged with magnitudes of the distance z,, power law distribution index n and elastic
modulus of the upper E, and lower E, materials of the beam, as follows.

E_'_(Et_Eb)
2 (n+2)
Z=h—m——2v ] 37
Eb+7( L
n+1
The moment resultant of the FGM beam is expressed as
2 diw(xt) d*w(x,t)
Mx ::[E(Z)Z TdA:(EIO)eqT. 38

The (El, ),, expression in the Eq. 38 is defined as

e, {5525 {26 e BEN]

3 n+3 n+2 n+1

By substituting equation (37) into above equation, the elastic modulus of the beam for a selected point in
the thickness direction is expresed as follows

5+(Et_Eb)
E (E—E) 2 (n+2) 2(E—E)
E(n)=| 2+—>2 |- E,+————2
3 n+3 (E-E) n+2
" n+1
) 40
5+(Et_Eb)
L2 (n+2) (Eb+(Et—Eb)]
Eb+(E‘_Eb) n+1
n+1
only as a function of the material distribution index. Couple moment of FGM beam is expressed as
_, d?w(x,t) d*w(x,t)
Yy ZI'Zﬂ(Z)TdAZ'Z(ﬂAo)eqT- 41

The (uA )eq expression in the Eq. (41) is defined as

(y/sb)eq:bh[ﬂﬁ(yt_yb)i] 1

n+1
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where £, and g, are shear modulus of the bottom and top surface materials of the beam. The( ,oA))eq

expression in the Eq. (18) is defined as

(PA). =bh[pb +(p —pb)ﬁ] 43

Natural frequency of tapered FGM beam is indicated as

((Elo)eq+lz(,uA0)eq)
(PA), L

w=0Q° 44

Two kinds of deformation occur at two different levels during vibration. These are micro rotations at the
particle level and macro-deformations at the molecular level. For particle level micro-deformation, the
internal length scale determines the micro properties of the particle. It is often referred to as the inner length
parameter. The commonly used internal length parameter is one of the main factors in determining the
average particle size required to obtain the length scale size. As the average particle size increases /
decreases, the size of the length scale will increase/decrease. The inner length scale was defined by

Vardoulakis and Sulem [22] as follows
| = /M 45
G

where G and M denote shear modulus and moment of force respectively. The @, symbol presents the

frequency for the beam with uniform cross section S =1 and inside length parameter equal to zero | =0
[21]. The frequency of the tapered FGM beam might be calculated with equation given below [20].

46

2. NATURAL FREQUENCY OF TFGM BEAM

ho

X h,

by

Figure 3. Cantilever FGM beam

Figure 3 indicates the cantilever tapered FGM beam and coordinate position. Boundary conditions for a
cantilever beam are expressed as follows.

W(1)=0, W'(1)=0, W"(0)=0, W"(0)=0. a7

When the boundary conditions given in the last equation are arranged with Equations (32) and (33), a matrix
is obtained as follows.
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cosh g, sinh g, cose, sineg, C,
gcoshe  gsinhg  —g,8ing, g,c08g, ||C
5+l 20, 5t —g, 20z, C
5°+30e” 36°g,+g° 6°-3%, 35%¢,-¢&, ||C

N
Il
o

48

w

4

From the solution of the last equation, the natural frequency of the beam due to its conical structure is
obtained. Considering the material distribution of the FGM beam, the frequency values obtained by
Equation (46) are given in Table 2. While ho /I is equal to 2, the frequency ratio approaches 1; that is, it
gives similar result to the classical Euler-Bernoulli theory.

Table 2. Frequency ratios

Beta ()  Power law index (n) ol o,
h/1=02 h/1=05 h/l=1  h/l=2

0 17.586 7.185 3.850 2.372

05 19.242 7.835 4,155 2.497

0.2 1 20.057 8.156 4.307 2.560
2 20.848 8.467 4.454 2.623

0 13.533 5.529 2.963 1.825

05 14.807 6.029 3.197 1.921

05 1 15.434 6.276 3.314 1.970
2 16.043 6.515 3.428 2.018

0 11.762 6.515 2.575 1.586

05 12.869 5.240 2.779 1.670

0.8 1 13.414 5.454 2.880 1.712
2 14.548 5.663 2.979 1.754

Figure 4 indicates the variations of frequency ratio by concerning tapered index £ for h, /1 =0.5. When

the beta is increasing from 0 to 1, the frequency ratio decreases with the same trend for all power law
indices. It is predicted that the frequency ratios values not change for the same taper index values when the
value of n is 2 or more. For tapered index values between 0 and 0.3, beam should be designed more
precisely, as the frequency rates change rapidly.

o e s . . §
[T I | R T R 1|
mr = oo

0 0.1 02 03 04 05 06 07 0g 08 1

B
Figure 4. Variations of o/ @, for hy/1=0.5

) S S S N
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3. CONCLUSIONS

Except to design parameters of beam taper index and power-law index, the ratio of beam maximum
thickness h, to inner length scale | is determined as an additional parameter. With the additional parameter

h, /1, the shear modulus of the materials is considered for the frequency calculations. The frequency

variations of the beam, which depend on the parameter used in the calculations, are presented as the
frequency of the tapered beam to the uniform beam. In this study, frequency calculations are carried out for
a cantilever TGFM tapered beam made of Germanium and silicon materials. As a result, for all power law
indices, effect beam taper index variations on the frequency has the same trend. It is determined that the
fastest variation from the frequency of the uniform beam occurs when the taper index is between 0 and 0.3.

While the parameter h, /1 is increasing from 0 to 2, the frequency of the tapered beam approaches to the
frequency of uniform beam.
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There are many different derivatives of variable and fixed frequency switching control
techniques used in control of load resonant converters. In this study; among these techniques
frequency modulation (FM), phase shift modulation (PSM) and pulse density modulation
(PDM) are applied separately to series resonant converter (SRC). The techniques are examined
and compared in many respects. An experimental setup is built, which consists of a 400W
converter, a control circuit and a resistive load to verify theoretical studies. The converter is
controlled by FM, PSM and PDM separately for 120 kHz basic operating frequency and
different output currents. Experimental results are compared in terms of efficiency, output
voltage ripple, soft switching, switch voltage, ease of application and hardware. The comparison
results are presented. Thus, effect of each technique on the operating parameters of the
converter is revealed. Moreover, it is also observed that FM has better performance than the
other two techniques in many aspects

1. INTRODUCTION

Efficiency of load resonant converters is affected by input voltage and output current levels of different
applications in which they are used. Another factor that has an effect on the efficiency is techniques used
in control of these converters [1]. The techniques can be divided into variable frequency switching and
fixed frequency switching, which have different applications, for instance FM and PSM. While FM is the
variable frequency switching control technique, PSM is the fixed frequency switching control technique.
The both are traditional methods [2]. PDM is one of the fixed frequency switching techniques, which is
frequently used in control of resonant inverters as well as DC-DC converters [3, 4].

Output power control with FM is performed by changing switching frequency (f). In the FM, when it is
desired to decrease the output power while operating above the resonance frequency (f/), it is necessary to
increase the switching frequency. However, with increasing switching frequency, switching losses and
electromagnetic interference (EMI) also increase. Therefore, changing the switching frequency for the
output power control is the disadvantage for the FM. In addition, when operating below the resonance
frequency, filter design becomes difficult due to the changing switching frequency [5-8]. Despite these
disadvantages, its simple structure and easy applicability are the advantages of FM [9, 10].

Changing the duty ratio of the inverter voltage, which defines the effective value of the inverter voltage,
performs the power control in PSM. As long as the resonance current is lagging with respect to the
inverter voltage, the switches are turned on under soft switching conditions. However as the duty ratio of
inverter voltage is decreased, the resonance current is leading with respect to the inverter voltage. As a
result, soft switching conditions of some switches are disappeared and the switching losses increase [10-
12]. The disadvantage of PSM is that the soft switching conditions of some switches are disappeared as
the load current decreases. Operation at fixed switching frequency is the advantage of PSM.
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PDM control can be divided into two groups as regular and irregular, the power control is performed by
deleting some of switching pulses [13]. PDM is especially used in induction heating applications [14-16].
Main reason for this is that the system response does not need to be fast since the work piece temperature
controlled in this application does not change rapidly. Therefore, fast output response is not required
unlike DC-DC converters. Disadvantages of the regular PDM are that the varying of damping time
depending on the quality factor of the resonance current causes the fluctuations in the output power and
the peak value of the resonance current is much bigger than the other two techniques, especially with the
decreasing load current [17,18]. In order to eliminate these disadvantages of the regular PDM method, the
irregular PDM is recommended. By maintaining the oscillation of the resonance current with the irregular
PDM, phase locking loop continues to operate and the changes in the resonance current are reduced.
Thus, the fluctuations in the power transferred to the load are reduced. Amount of sub harmonics also
decreases with the irregular PDM. However, this method requires complex and large logic circuits or
memory elements to obtain gate signals of the power switches [19-22]. In the regular PDM, the control
signals of the power switches can be obtained by simple logic circuits [23].

There are also hybrid applications of FM, PSM and PDM used for the power control of the load resonant
converter [24-26]. In these applications, the power control is performed with more than one technique by
benefiting from the advantages of each technique for different load conditions. Thus, the decreasing
converter efficiency is prevented, especially in light loads. However, as a result of using more than one
technique together, complexity, application difficulty and components of the control unit increase.

SRCs have a suitable structure for half and full-bridge applications. The full-bridge, which is more
suitable for application of different control techniques, is preferred in this study. Because of the
advantages of operating above the resonance frequency at high frequencies, the switching frequency of
the full-bridge SRC is selected above the resonance frequency and MOSFETS are used as power switches.
A 16-bit dsPIC33FJ16GS502 digital signal controller (DSC) is used to execute the control algorithm,
generate the control signals of the switches and digitize the feedback information.

2. CONTROL OF THE FULL-BRIDGE SERIES RESONANT CONVERTERS

The isolated full-bridge SRC and control circuit used in experimental studies are shown in Figure 1. A lot
of different control techniques such as FM, PSM and PDM are used to control the converter [3, 27, 28].
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Figure 1. The isolated full-bridge SRC and control circuit

The classification of these techniques is given in the following sections.

2.1. Variable Frequency Control

Different derivatives of the variable frequency switching control technique are as follows:

e Frequency modulation
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Auverage current
Capacitor voltage
Diode conduction angle
Optimal curve control

Among these techniques, FM is the most preferred technique because of its simple structure and easy
application [5]. Gate signals Vgi.¢2, theoretical waveforms of the inverter voltage va and current i, of FM
controlled converter are given in Figure 2a.
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Figure 2. Waveforms of FM and PSM controlled converter, a) FM, b) PSM

While changing the switching frequency that is the control variable of this technique controls the load
current, the duty ratio and peak value of the inverter voltage remain constant. In addition, the converter
has four different operating intervals in steady-state conditions. Since the current is lagging in all of these
operating intervals, the power switches are turned off under hard switching while they are turned on under
zero voltage switching (ZVS).

2.2. Fixed Frequency Switching Control

Although the fixed frequency switching technique has different derivatives [1, 2], the control variables in
these techniques differ in contrast to the variable frequency control technique. Among these techniques;
PSM and PDM are frequently used in the control of resonant converters and resonant inverters,
respectively.

Phase shift modulation
Asymmetric phase shift modulation
Asymmetric duty ratio

Unipolar voltage cancellation
Secondary party

Pulse density modulation

2.2.1. Phase Shift Control

Generally PSM is preferred to avoid the variable frequency switching for the power control and to operate
at the fixed switching frequency [10-12]. The power control in PSM is accomplished by varying the duty
ratio of the inverter voltage. Gate signals of the power switches, inverter voltage and current waveforms
of PSM controlled converter are given in Figure 2b. The duty ratio of the inverter voltage is obtained by
changing the angle ®, which is the phase difference between the gate signals of the diagonal power
switches. Since the angle ® is the control variable, it is changed from 0 to 180 degrees to control the
output current. In PSM, the output current decreases as the phase angle ® increases. The three different
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operating states occur with the decrease of the output current of PSM controlled converter [27, 28]. In one
of these states, all of the power switches are turned on under ZVS conditions and the current is lagging.
This operating state is preferred because of the higher efficiency, especially in applications where
MOSFET is used as the power switch at high frequencies [27].

2.2.2. Pulse Density Modulation Control

In a PDM, the switching losses can be reduced by operating at the resonance frequency or at a frequency
close to the resonance frequency. The regular PDM is used in the experimental studies due to its simple
control circuit structure and easy applicability. The application of the regular PDM is given in Figure 3.
PWM pulses and the control signal are applied to the synchronization circuit to synchronize control and
PWM signals and then the synchronization circuit output and PWM pulses are applied to AND gate to
determine number of PWM pulses used to drive the power switch.
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Figure 3. The generation of the regular PDM signals

PDM control is accomplished by changing the duty ratio D of the control signal given in Equation 1.
Hence, the control variable is the duty ratio of the control signal.

t
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In FM and PSM, gate signals of the power switches can be obtained with analog integrated circuits or
programmable circuit elements such as microcontrollers [29-31]. The logic circuit or memory elements
are required to obtain gate signals of the power switches in the regular or irregular PDM [18-22]. The
logic control circuit of the regular PDM used in experimental studies is given in Figure 4a.
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Figure 4. The logic circuit used to obtain the regular PDM signals and the waveforms of regular PDM
controlled converter, a) logic circuit, b) the waveforms

Gate signals of the power switches, waveforms of the inverter voltage and current for PDM controlled
converter are given in Figure 4b. For operating above the resonance frequency, to, interval operation of
PDM controlled converter is same as FM controlled converter. However, by keeping the power switches
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M and My in conduction throughout te, the inverter voltage becomes zero. Therefore, there is no energy
transfer from the source to the load at tof interval.

3. TEST RESULTS OF DIFFERENT CONTROL TECHNIQUES FOR RESISTIVE LOAD

In this study for purpose of comparison of three different control techniques named as FM, PSM and
PDM, the experimental set up is built as given in Figure 5. The converter and control circuit on the same
board used to control the output current separately with three different techniques are given in Figure 6.
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Figure 5. The experimental setup Figure 6. The converter circuit

The parameters of the converter are as given in Table 1.

Table 1. The parameters of the converter

Vi=200 V | n=18:4 | L=191 pH | C=10 nF | f=115kHz | Ro=3.33 Q

The output voltage, current and power of the converter for 120 kHz fixed operating frequency are 36.4 V,
10.8 A and 393.12 W, respectively. Gate signals of the power switches, inverter voltage and current
waveforms of the converter are given in Figure 7 for 120 kHz.

Vab

SRR

CH1:2V CH2:2V  M:2us CH1:100V  CH2:2A M:2us
a) b)
Figure 7. Gate signals of the power switches, inverter voltage and current for 120 kHz, a) gate signals of
the power switches, b) the inverter voltage and current

In order to compare the techniques, the load current of the converter is controlled separately by each
control technique in 1 A intervals from 4 A to 10 A. The input current (I;), input voltage (Vi), inverter
current (i) and voltage (Van), output current (lo), output voltage (Vo) and output voltage ripple (AVo) are
measured and recorded for each determined output current value. While Ii, Vi, lo and Vo are measured by
a digital multimeter, i_ is measured by a Tektronix 011-0105-00 AC current probe.
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3.1. Frequency Controlled Converter

Gate signals of the power switches of FM controlled converter are obtained by using a pair speed PWM
module and two output pins of DSC. The output current is controlled from 4 A to 10 A by changing the
switching frequency of the converter between 187.97 kHz and 125.63 kHz. The waveforms of the inverter
voltage and current for these output currents are given in Figure 8.

\/\/\/\/\/ / \/ \/ \/ N
I A o N o SRR R B

c) d)
Figure 8. The inverter voltage and current of FM controlled converter for the different output currents
(CH1: 100V, CH2: 2 Aand M: 2 us),a)4 A, b)6 A, c) 8 A, d) 10 A

An increase of 62.34 kHz is required in the switching frequency to reduce the output current from 10 A to
4 A in FM controlled converter. While the power switches are turned on under ZVS conditions, they are
turned off under hard switching. The voltage (vss) and current (iss) of the switch My are given in Figure 9
for 10 A.

Vsa

Figure 9. The voltage (vs4) and current (iss) of M4 for 10 A (CH1: 100 V, CH2: 2 A and M: 2 us)
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The results summarizing the operation of FM controlled converter for the different output currents are
given in Table 2.

Table 2. Operation parameters of FM controlled converter

Vi || Vo lo | Efficiency A\\//g’/ I, | Frequency Switch
v) | S o | O | ) S“(e\j)ses
200 |0.372 | 14.10 | 4.03 76.37 4.25 1.85 187.97 280
200 | 0.524 | 17.00 | 5.01 81.26 3.82 1.97 171.23 260
200 | 0.715| 20.30 | 6.03 85.6 3.44 2.2 156.25 230
200 | 0.957 | 23.50 | 7.02 86.19 3.19 2.48 146.2 230
200 |1.236 | 26.90 | 8.02 87.27 3.71 2.92 138.12 230
200 | 1.561 | 30.30 | 9.03 87.63 4,62 3.08 130.89 220
200 | 1.905| 33.50 | 10.02 88.1 5.97 3.2 125.63 220

The efficiency is obtained by dividing the output power (Volo) by the input power (Vili) and it decreases
as the switching frequency increases in FM, as seen in Table 2. The voltage stresses across the switch
increase as the output current decreases. However, ZVS is guaranteed from 10 A to 4 A as the converter
operates above the resonance frequency.

3.2. Phase Shift Controlled Converter

Gate signals of the power switches of PSM controlled converter are obtained by using two pair speed
PWM module and four output pins of DSC. The inverter voltage and current of the converter whose
switching frequency is 120 kHz and output current is controlled by PSM from 4 A to 10 A, are given in
Figure 10.
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ESRRNERN

c) d)
Figure 10. The inverter voltage and current of PSM controlled converter for the different output currents
(CH1: 100V, CH2: 2 Aand M: 2 us),a) 4 A,b) 6 A, c) 8 A, d) 10 A

Since the phase difference (@) increases with the decreasing output current in PSM controlled converter,
the lagging current becomes leading with respect to the inverter voltage. As can be seen from the voltage
and current waveforms of M, and M, switches given in Figure 11 for 10 A, while the power switches on
the left arm of the full-bridge are leading, the power switches on the right arm of the full-bridge are
lagging. As a result, ZVS conditions for the power switches on the left arm are disappeared. The switches
are turned off under zero current switching conditions and turned on under hard switching. Moreover, the
switch stresses increase with increasing the phase difference. On the other hand, while the switches on the
right arm are turned on under ZVS, they are turned off under hard switching.

P—/-Sg-v\ iy ﬁ S ’"*'\'/"% s r"""""’"““'“” r""*""“"“"“
A0 0 S S S V7 N s
a) b)

Figure 11. The voltage and current of M, and M4 for 10 A (CH1: 100 V, CH2: 2 A and M: 2 us), a) the
voltage and current of My, b) the voltage and current of M4

The results summarizing the operation of PSM controlled converter for the different output currents are
given in Table 3.

Table 3. Operation parameters of PSM controlled converter

Efficiency | AVo/ Vo @ Phase Switch
Vi(V) [ i(A) | Vo (V) | lo(A) ILm (A)
(%) (%) Angle (°) | Stresses (V)
200 | 0.415| 141 | 4.04 68.631 3.9 1.95 118.77 340
200 | 0.625| 175 | 5.04 70.56 4 2.4 105.84 320
200 | 0.855| 209 | 6.02 73.578 4.7 2.6 92.31 320
200 | 113 | 244 | 7.03 75.899 4.9 2.9 71.77 320
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200 | 1.449 | 28.2 8.05 78.333 5.1 3.02 62.21 300
200 | 172 | 312 9.05 82.081 5.9 3.46 47.47 310
200 | 1982 | 338 | 10.06 | 85.779 6.8 3.3 30.52 260

As the output current decreases from 10 A in PSM, the switch stresses increase and the efficiency
decreases due to disappeared ZVS conditions of the switches (M1, M) on the left arm.

3.3. Pulse Density Controlled Converter

The frequency of PDM control signal is 8.22 kHz and the switching frequency is 120 kHz. Two pair
speed PWM modules and four output pins of DSC and the additional logic circuitry are used to obtain
gate signals of the power switches. The inverter voltage and current waveforms of PDM controlled
converter for different output currents are given in Figure 12.
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Figure 12. The inverter voltage and current of PDM controlled converter for the different output currents
(CH1: 100V, CH2: 2 Aand M: 20 us),a) 4 A,b) 6 A,c) 8 A, d) 10 A

Although the switching frequency is selected above the resonance frequency to guarantee ZVS, in the
first three cycles of the duty period of PDM, the current is not lagging and so soft switching conditions
are disappeared. Therefore, the voltage stress on the ends of the power switches increases. The voltage
and current waveforms of the switch My are given in Figure 13 for 10 A. The zoomed version of the part
shown with dashed lines in Figure 13a is given in Figure 13b.
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Figure 13. The voltage and current of M4 for 10 A, a) the voltage and current of Mg, b) the zoomed
voltage and current of My

The results summarizing the operation of PDM controlled converter for the different output currents are
given in Table 4.

Table 4. Operation parameters of PDM controlled converter

Efficiency | AVo/ Vo Duty Switch
Vi(V) | li(A) | Vo (V) | lo(A) ILm (A) )
(%) (%) Ratio (D) | Stresses (V)
200 |0.397 | 13.60 | 4.02 68.86 6.6 7 0.16 330
200 | 0.580 | 17.00 | 5.02 73.57 5.8 8 0.22 340
200 | 0.800 | 20.50 | 6.05 77.52 6.8 7.6 0.3 300
200 | 1.060| 23.80 | 7.03 78.92 6.3 7.6 0.39 335
200 |1.333| 27.20 | 8.03 81.93 6 6.7 0.53 300
200 |1.610| 30.50 | 9.04 85.63 5.9 5.2 0.68 300
200 | 1.930 | 33.80 | 10.02 87.74 6.2 4.2 0.93 310

The peak value of the current of PDM controlled converter is approximately three times higher than FM
and PSM, especially for low output currents.

3.4. Comparison of The Control Techniques

The efficiency, output voltage ripple, current peak value and switch voltage curves versus the output
current of the converter controlled separately by three techniques from 4 A to 10 A are given in Figure
14.

The results obtained from the studies and the curves in Figure 14 are presented comparatively as follows.

e While the highest efficiency is obtained with FM, the technique with the lowest converter
efficiency is PSM.

o The technique with the lowest output voltage ripple is FM.

o While FM is the technique with the lowest peak value of the current, it is much higher in PDM
compared to FM and PSM.

e The switch voltage stresses of FM controlled converter are lower compared to PSM and PDM
controlled converter.

¢ In FM, the switches are turned on with ZVS in a wide range of the output current. In PDM, while
ZV'S conditions cannot be satisfied in the first cycles of the control signal, the switches are turned
on under ZVS conditions in the following cycles. When the current is leading in PSM, ZVS
conditions are disappeared for the two switches on the left arm.
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e While FM is the simplest and easiest technique for implementation, PDM is the most difficult one.

e Among the techniques, while FM has the least hardware, PDM has the most hardware because it
requires the additional logic circuits other than DSC.

¢ In terms of the power control, PDM has disadvantageous according to the other two techniques
because the resolution of the output power depends on the frequency of the control signal and
audible sounds are produced when the frequency of the control signal is selected below 20 kHz.
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Figure 14. The efficiency, output voltage ripple, current peak value and switch voltage curves versus the
output current, a) efficiency, b) output voltage ripple c) current peak value, d) switch voltage stresses

The summary of the examinations and comparisons for the three techniques is given in Table 5.
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Table 5. Comparison of FM, PSM and PDM

Salih NACAR, Selim ONCU, Giingér BAL | GU J Sci, Part C, 9(2):283-296(2021)

Control technique
Comparison Futures FM PSM PDM
Application ease Simple | Medium | Difficult
Efficiency High Low Low
Hardware structure Simple | Medium | Complex
Switch voltage Low High High
Soft switching Moderate | Poor | Moderate
Output voltage ripple Low High High
Resonance current Low Medium High
Operating frequency | Variable | Fixed Fixed
Dynamic response Fast Fast Slow

As can be seen from Table 5, there is no control technique that meets the positive aspects of all
comparison parameters.

4. CONCLUSIONS

In the present study, full-bridge SRC, one of the basic applications of load resonant converters, is
designed and built to compare FM, PSM and PDM control techniques. The converter is individually
controlled by each of these techniques for different output currents. Except for the additional logic circuit
of the PDM, the control of the converter by FM, PSM and PDM is performed via the low-cost DSC. As a
result of the control processes repeated with each technique for different output currents, it is observed
that these techniques affect the efficiency, the ripple level of the output voltage, the output response
speed, the operation under soft switching conditions, the operating frequency, the power control and
power switches selection of the converter. The advantages and disadvantages of these techniques, which
are compared in many ways, are also determined. Consequently, although FM performs the power control
by varying the switching frequency in a wide range, it is more advantageous than PSM and PDM in many
ways. In future studies, the hybrid techniques combining the advantages of each technique can be used to
control the converter and compared with FM, PSM and PDM techniques.
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Efficiency, power density and cost play an important role in motors used in low-power
industrial applications. In today's world, where the importance of energy efficiency and
compact structure is increasing day by day, the Axial Flux Synchronous Reluctance Motor (AF-
SynRM) design, which is a unique motor with no copper loss in its rotor and compact with its
axial structure, has been compared with the Axial Flux-Induction Motor (AF-IM) with the same
stator structure.

Axial Flux Synchronous Reluctance Motor

Axial Flux Induction Motor

Figure A. Rotor parts of two motors (AF-SynRM and AF-1M) with the same stator structure.

Purpose: In this study, in two motors with the same stator structure and dimensions; In AF-IM
and AF-SynRM, only the rotor part has been changed and the change in output parameters has
been examined.

Theory and Methods: In the preliminary study of the designs, the motor dimensions were
calculated analytically and modeled with the 3D Finite Element Method (FEM). To optimize
the saliency ratio, which is the most important factor affecting AF-SynRM performance, a
Genetic Algorithm (GA) based optimization was made and the rotor geometry was changed.

Results: In comparison, the outer diameter, inner diameter and stator parameters are the same,
and the motor efficiency has been increased proportionally by 8.53% with only rotor change,
and it has been increased from IE3 to IE4 standards. At full load, the AF-SynRM produced
23.2% more power than the AF-IM

Conclusion: Considering the total losses, costs and efficiency values, the AF-SynRM design
will be an alternative to the AF-IM compared with reference. In future studies, experimental
comparison of AF-SynRM, which goes through production processes, with AF-IM will also be
possible. In addition, designs of AF-SynRM with permanent magnets can also be designed and
the comparison procedure can be repeated.
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Anahtar Kelimeler

Senkron Reliiktans
Eksenel Akili Motor

Sonlu Elemanlar Yontemi

In this study, the Axial Flux Synchronous Reluctance Motor (AF-SynRM) with multiple
barriers in its rotor is designed and it is aimed to compare the performance with the Axial Flux
Induction Motor (AF-IM) with the same stator structure and dimensions. For an equal
comparison, the motor dimensions and stator structure are chosen the same, only the rotor is
changed. In the preliminary study of the designs, machine dimensions are calculated
analytically and modeled with the 3D Finite Element Method (FEM). To optimize the saliency
ratio, which is the most important factor affecting AF-SynRM performance, Genetic Algorithm
(GA) based optimization is performed and the rotor geometry is changed. Thus, a suitable
model is created for comparison. Torque, efficiency, input power, power factor, total loses and
torque per amper parameters are analyzed. With the proposed comparison method, AF-SynRM
obtains higher efficiency, power, torque per ampere and lower losses than AF-IM at the same
power rating (2.2 kW). The AF-SynRM rotor will be a good alternative in applications where
high efficiency and torque are required, with low cost-maintenance costs due to the absence of a
squirrel cage and its structure without magnet.

Eksenel Aki Konseptindeki Senkron Reliiktans ve Indiiksiyon Motor'un
Verim ve Performans Karsilastirmasi

Oz

Bu eserde, rotorunda ¢oklu sayida bariyere sahip Eksenel Akili Senkron Reliiktans Motor (EA-
SRM) tasarim yapilarak, aym stator yapisi ve boyutlara sahip Eksenel Akili indiiksiyon Motor
(EA-IM) ile performans karsilastirmasi yapmak amaglanmustir. Esit bir kargilagtirma olabilmesi
icin motor Olgiileri ve stator yapisi ayni se¢ilmis, sadece rotor degisimi yapilmistir. Tasarimlarin
on g¢alismasinda motor Slgiileri analitik olarak hesaplanmis ve 3D Sonlu Elemanlar Yontemi
(SEY) ile modellenmistir. EA-SRM performansini etkileyen en onemli faktér olan ¢ikinti
oranini optimal diizeye getirmek i¢in Genetik Algoritma (GA) tabanli optimizasyon yapilmis ve
rotor geometrisi degistirilmistir. Boylece karsilastirma i¢in uygun model olusturulmustur. Tork,
verim, giris giicii, gii¢ faktorli, toplam kayiplar ve akim basina tork parametreleri analiz
edilmistir. Onerilen kargilastirma metodu ile EA-SRM aymi gii¢ degerindeki (2.2 kW) EA-IM
den daha yiiksek verim, giig, amper basina tork ve daha disiik kayiplar elde edilmistir.
Karsilastirmada dis ¢api, i¢c ¢ap1 ve stator parametreleri aynt olup sadece rotor degisimi ile
motor verimi oransal olarak %8.53 artarak, IE3’ten IE4 standartlarina ¢ikarilmistir. Tam yiikte
EA-SRM de, EA-IM den %23.2 fazla gii¢ iiretilmistir. EA-SRM rotorunda sincap kafesi
bulunmamasi sebebiyle bakir kayiplarinin olmamasi ve miknatissiz yapisiyla maliyet-bakim
masraflarinin  diistikligii, yliksek verim ve tork istenilen uygulamalarda iyi bir alternatif
olacaktir.

1. GIRiS INTRODUCTION)

Diinya genelinde iiretilen enerjinin %40 1 sanayi uygulamalarinda kullanilan elektrik motorlar tarafindan
tilketilmektedir. AB iilkelerinde ise elektrik motorlar1 ve sistemleri endiistrinin 6nemli bir parcasi
halindedir ve iiretilen enerjinin %70 i elektrik motorlar1 ve sistemleri tarafindan tiiketilmektedir [1-2].
IEA (Uluslararas1 Enerji Ajansi) ‘min 2020 yili kiiresel enerji inceleme raporunda diinya enerji
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tilketiminin yillik ortalama %3 arttig1 ayrica yenilenebilir kaynaklardan (su, riizgar ve giines) iiretilen
elektrik tiretiminin de %7 artti1 belirtilmistir [3]. Gelecek yillardaki enerji tiikketimi artis1 ve verim talebi
senaryolari da incelendiginde, son yillarda yiiksek verimli elektrik motoru tasarimlarina ihtiya¢ oldugu
gorilmis ve ¢alismalar yapilmistir. Endiistride en ¢ok kullanilan ve en biiytik market payma sahip Ug
Fazli Sincap Kafesli Indiiksiyon Motorlar iizerinde gelistirmeler yapilmistir fakat rotor kayiplarmin
bulunmasi, alternatif ve daha verimli motor tiplerine yonelmeyi gerektirmistir [4]. BoOylece rotor
kayiplarindan armdirilmig Senkron Reliiktans Motor (SRM) tasarimlart incelenmis ve dikkate alinmustir.
SRM ler uzun zaman boyunca diisiik performanslari dolayisiyla dnemsenmemistir. Ozellikle sebeke
kalkisi i¢in kullanilan sincap kafesi iceren tasarimlar dikkat cekmemistir. Fakat son yillarda gelisen giic
elektronigi ve siiriicii sistemleri ile sincap kafesi bulunmayan tasarimlar ¢alisilmis ve performanslar ile
dikkat ¢ekmistir. Ozellikle geleneksel AC motor ve senkron motorlar ile ayn1 tip stator kullanimi énemli
bir fayda saglamistir.

Bu calismada ayni stator yapisi ve boyutlara sahip iki motorda; Eksenel Akil1 indiiksiyon Motor (EA-IM)
ve Eksenel Akili Senkron Reliiktans Motor (EA-SRM), sadece rotor degisimi ile ¢ikis parametrelerindeki
degisim incelenmistir. Bes boliimden olusan bu eserde birinci boliim Giris kismidir. Ikinci boliimde
Indiiksiyon ve Senkron Reliiktans Motorlar {izerinde bilgi verilmis olup Eksenel Akili modelleri iizerine
literatiir taramalar1 yapilmustir. Ugiincii boliimde eksenel akili motorlar i¢in boyutlandirma Denklemlerine
yer verilmis olup, stator ve rotor tasarimlart i¢in detaylandirilmistir. Dordiincii boliim, analitik olarak
hesaplanmis modellerin Sonlu Elemanlar Yontemi (SEY) kullanilarak tasarlanmasi, analiz edilmesi ve
karsilastirmasini icermektedir. Son olarak Sonug¢ kismi sunulmustur.

2. INDUKSIYON VE SENKRON RELUKTANS MOTORLAR (INDUCTION AND
SYNCHRONOUS RELUCTANCE MOTORS)

Indiiksiyon ve Senkron Reliiktans Motorlar ile ilgili yapilan karsilastirmali ¢alismalarda, geleneksel
modelleri yani radyal akili modelleri kullanilmustir [5-8]. 2.2 kW, 4kW, 5.5kW ve 15 kW gii¢lerindeki
motorlar karsilagtirilmis verim, tork ve tork dalgalanmasi parametrelerinde radyal akili SRM’nin {istiin
oldugu gosterilmistir. Gliniimiizde elektrikli araglar ve ev tipi uygulamalarda kullanilacak motorlarda
hacim 6nem kazanmigtir. Bu sebeple eksenel akili motor kavrami iizerine ¢aligmalar artmig olup: genis
yarigap/uzunluk orani, diizlemsel ve ayarlanabilir hava araligi, daha yiiksek gii¢ yogunlugu, daha kiiglik
hacim ve agirlik, yiiksek frekans ve diisiik hizlara uygunluk ve yiiksek verim gibi o6zellikleri ile radyal
akili motorlardan 6ne ¢ikmaya baglamistir [9-18].

2.1. Eksenel Akili indiiksiyon Motorlar (Axial Flux Induction Motors)

Eksenel akili motorlarin kullanimi diisiiniildiigiinde, sanayide en ¢ok kullanilan radyal akili indiiksiyon
motorlarin eksenel tasarimlar1 da ¢alisilmistir. Eksenel akili indiiksiyon motorlar radyal akili indiiksiyon
motorlar ile ayni ¢alisma prensibine sahiptir. Temelde eksenel aki, rotor gubuklarmin {izerine gii¢ uygular
ve Lenz kanunu ile rotorda indiiklenen EMF nin en diisiik oldugu yone hareket ettirir. Elektromanyetik
tork, motor ¢apinin etkisinin {izerinde bir etki ile tiretilir ve konveksiyonel motorlardaki gibi sabit bir ¢ap
oranina bagh degildir. Ciinkii elektrik ve manyetik devrelerin hesaplamalar1 ¢ap uzunlugunun bir
fonksiyonudur. Ornek olarak yan taraftan goriiniise sahip EA-IM Sekil 1 de gdsterilmistir [15].

EA-IM’ler lizerine bir¢ok ¢alisma yapilmistir. Geleneksel stator-rotor yapisindan farkli olarak cift stator-
tek rotor ve cift stator-¢ift rotor yapisindaki tasarimlar incelenmistir. Bu yapilar ile eksenel akil
motorlardaki manyetik ¢ekisin azaltildigr gézlenmistir. Rotor oluk sayisinin fazla olmasi ve stator sargi
yapilarmin degisimi ile tork ve verim parametrelerinde olumlu etkiye sahip oldugu belirtilmistir.
Miknatisli senkron motorlar ile de karsilastirmalar yapilmistir. EA-IM’de daha diisiik tork yogunlugu-
verim degerleri olmasina ragmen miknatislarin demagnetize olma ihtimali de degerlendirilmistir.
Tasarimlarda egik kisa devre gubuklarinin gozlenebilmesi ve tork dalgalanmasimin degerlendirilmesi
istendigi durumlar i¢in 3D SEY kullanilmasi gerektigi belirtilmistir [11-22, 29].
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Sekil 1. EA-IM yandan goriiniisii

EA-IM’ ler ayarlanabilir hava aralify, iyi gii¢c-agirlik ve cap-uzunluk orani, kompakt yapist, iyi verimi ve
ozellikle yiiksek kutup sayisi kullanilabilirligi ile fanlar, tekerlek uygulamalari, pompalar, ev aletleri ve
elektrik araglarinda geleneksel motorlara gore alternatif olabilmektedir. EA-IM ile ayn1 gii¢ degerinde bir
radyal akili indiiksiyon motor (RA-IM) karsilastirildiginda: stator bakir kayiplari, stator demir kayiplar
ve rotor bakir kayiplari agisindan avantajli goriinse de rotor eddy akimi kayiplarinin fazla olmasi
dezavantaji1 olarak karsimiza ¢ikmaktadir. Bunlarin disinda motor paket uzunlugu olarak neredeyse radyal
akilt bir motorun yarist kadardir. EA-IM ler yiiksek hizli uygulamalar igin RA-IM ler kadar uygun
degildir. Bunun sebebi indiiksiyon motorlarin ¢alisma prensibi dolayisiyla en verimli modelleri 2 veya 4
kutuplu olanlaridir. EA-IM lerde kisa rotor ve genis ¢ap dolayisiyla yiiksek hizlarda asiri siirtiinme
kayiplar1 olacagindan, rotor ¢ekirdeginin mekanik dayanimi yetersiz goriinmektedir. EA-IM ler diger
eksenel akili motorlarda da karsilagilan, kuvvetli eksenel manyetik ¢ekime sahip olmasi dezavantaji
olarak karsimiza ¢ikmaktadir [19,29].

2.2. Eksenel AKili Senkron Reliiktans Motorlar (Axial Flux Synchronous Reluctance Motors)

Son zamanlarda bir¢ok uygulamada kullanilan AC motorlar arasinda, radyal akili senkron reliiktans
motorlar (SRM): Rotorunda kafes bulunmadigi i¢in bakir kaybi olmamasi, yiiksek verimi, saglam
yapilari, yliksek tork yogunlugu ile one ¢ikmaktadir. Elektrik motorlarindaki yiiksek verim IE4 sinifina
giren bu tasarimlar, sanayide en ¢ok kullanilan asenkron motorlarin yerine almaya aday haline gelmistir
[30-36]. Senkron reliiktans motorlar, rotorlarinda bulunan bariyer yapilari ile manyetik gecirgenlik
farklar1 bulunan iki eksen arasindaki aki farki tork tiretimindeki onemli bir parametredir. Rotorda iki
farkli aki yolu vardir. Birincisi yliksek gecirgenlikli Sekil 2.a da gosterilmistir ve d-ekseni yonii olarak
tanimlanmustir. Digeri ise diisiik gecirgenlikli Sekil 2.b de gosterilen ve g-ekseni yonii olarak
isimlendirilmigtir [22]. d-ekseni endiiktansi (Ld) ve g-ekseni endiiktansi (Lq) farkini bariyer yapisi
degistirilerek artirmak, tork degerini de artirmaktadir. Bu sebeple rotor tasarimi 6ne ¢ikmaktadir. Rotora
ilave edilen miknatislar ile tork vb. kapasitesi artirabilir olmasina ragmen demagnatizasyon gibi
dezavantajlar1 da bulunmaktadir. Ayrica miknatissiz tasarimlar maliyet olarak disiiktiir. Sonlu elemanlar
yontemi analizleri ve optimizasyonlar1 ile tork, tork ripple, verim ve ¢ikinti oranmi gibi degerlerde
iyilestirmeler yapilarak performanslar artirilabilmektedir.
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Sekil 2. SRM ve aki yollari a)yiiksek gecirgenlik b)diisiik gecirgenlik

Rotor kayiplarindan arindirilmis radyal akili SRM ler i¢in yeni bir yaklasim olan EA-SRM’ler (disk tipi
motorlar) 6rnek olarak otomotiv alanindaki boyut sikintisi yasanan uygulamalarda (fan v.b. igerdiginde
biiyiik boyutlu), kompakt yapist ve yiiksek gili¢/tork yogunlugu ile radyal akili motorlarin karsisinda
alternatif olarak yer almaktadir. Radyal akili SRM ile ilgili ¢ok sayida ¢alisma yapilmis olmasina ragmen
EA-SRM calismalar1 ¢ok az sayidadir. 3D SEY ile olusturulmus tasarimlarda stator igin konsantre
sargilar tercih edilmistir. SRM, miknatish SRM ve muknatish EA-SRM ile karsilastirilmustir. Ustiin
yonleri belirtilmis ve tretilebilirligi tartigtlmistir [23-25]. Bir bagka ¢alismada ise 2.2 kW-1500 d/d-8
kutuplu EA-SRM prototipi tasarlanmig, rotor geometrisi lizerine detayli ¢alisilmis ve tretilmistir.
Similiisyon sonuglari ile karsilastirildiginda sonuglarin ortiistiigii goriilmiistiir. EA-SRM’nin 60034-30-
1:2014 IE4 Siiper Premium verim sinifina sahip oldugu belirtilmistir [26].

3. BOYUTLANDIRMA ESITLIKLERI (SIZING EQUETIONS)

Boyutlandirma Denklemleri, eksenel akili motor denklemleri kullanilarak yapilmistir. Eksenel yapili bir
motor oldugu i¢in stator ve rotor dis-i¢ ¢aplart esit olacaktir. Eksenel akili motorlarda stator ve rotor
tasarimi, indiiksiyon ve senkron motorlardaki silindirik yapi baz alinarak yapilmaktadir. Belirlenen
parametreler sabit manyetik devre hesaplama yontemiyle stator ve rotor i¢ ¢api, dis ¢ap1 ve kalinliklari
eksenel yap1 dikkate alinarak hesaplanmustir [27-28]. Eksenel akili motorlarin genellestirilmis gdsterimi
Sekil 3’te gosterilmistir.

Rotor Diskleri

Sekil 3. Eksenel Akili Senkron Motor (EA-SM) genellestirilmis gosterimi
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Sekil 3’te Dy, D;, L; , g ve h ifadeleri stator dis ¢ap, i¢ ¢api, etkin boyu, hava araligi ve stator sayis1 EA-
SM’ler de diger 6nemli parametreler stator ortalama cap1 D, ve kutup aralig1 ortalama ¢apidir (7).

_ 3 EPoyt

Do = \/n'szkwlnsBmgAmn cos @ 1
Di:deO 2
Dy»=0.5(D, + D;) 3

— ™Pay
= 4

1

kp=3 (1 + ka)[1 — (ka)?] 5

Verilen denklemlerde ¢ emf-faz gerilimi oranidir, P, ¢ikis giicii, kp ifadesi Di/ p_ orant ile ilgili bir
o

katsayiy1 ifade etmektedir, k,q sargi faktorli, ng rotor hizi, B, hava aralifindaki manyetik aki
yogunlugunu tepe degeri, A,, hat akim yogunlugunun tepe degeri, n verim, cos¢@ gii¢ faktoriini
gostermektedir. k, ise stator i¢ gapinin dis ¢capina oranidir. Hava araliginda indiiklenen akimin, sintisoidal
dagilmis stator akimi nedeniyle sintisoidal olarak dagildigi varsayilirsa, her fazdaki akimlar Denklem 6, 7
ve 8 de ve li¢ fazin toplam akimi Denklem 9’daki gibidir [28].

Faz A : 1cos wt%sinpﬁd@ 6
Faz B : icos(a)t—%n)%sin(pﬁ —z?ﬂ)dﬁ 7
Faz B : ?cos(wt+2§)%sin(p9 +2?n)d9 8

%I\/E%sin(pﬂ — wt)do 9

I akimin rms degeridir ve T akimin tepe degeridir. N seri sarim, p kutup ¢ifti sayisidir. Uygun denklemler
belirtildikten sonra tek stator i¢in temel tork degeri ifadesi Denklem 10 da verilmistir.

T, = gx/intlez(rg — 1) sin(B) 10

Tork ifadesindeki r, ve r; stator dis ve i¢ ¢aplaridir ve 8 senkron makinadaki tork agisidir. Denklem 12 de
Npp, her fazdaki seri sarim sayisidir. Ayni sekilde tork esitligi yeniden yazilirsa;

4
NS = ;kwleh 11
Ty = 2VZnBy1 ko NpnI DayLi sin(B) 12

Tasarim formiilleri sadelestirmek i¢in stator yiizeyi akim yogunlugu katsayisini ifade eden ve Denklem 13
te verilen K; degeri eklenmistir. Bu ifade genellikle diisiik giiglii motorlar i¢in 10000 A/m civarinda ve
orta gii¢lii motorlar i¢in 40000 A/m civar1 degerlerindedir. [28]

_ 3v2I2Npy

K, Dot 13
Tek statorlu motorda tork ifadesi son halini alarak Denklem 14’te dontismektedir.
1 .
Ty = ;nBg1ke1K1DiyL; sin(B) 14

Stator sayist arttikca tork ifadesi de her stator i¢in hesaplanabilir. Benzer sekilde her fazda endiiklenen
EMF nin rms degeri de hesaplanabilir.
V2

_BglwmkwlehDavLi 15

Eph= >

Gorintir giic S,;,, baglant: tipi ne olursa olsun Denklem 16°dan hesaplanabilir. h stator sayisim ifade
etmektedir [28].
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h
Seim = 3hEpl = nEBglwmklelwaLi 16

Oluk kutup sayist secimi reliiktans torku tiretimi ve ortalama tork yogunlugu i¢in énemlidir. Oluk kutup
kombinasyonu secimi sarg: faktoriinii maksimize etmesi gereklidir [29]. Eksenel akili senkron reliiktans
motor da ¢ift katmanl dagitilmis sargilar secilmistir. Konsantre sargilarin iiretimi kolay ve bakir kayiplar
kiigiik olmasina ragmen, yiiksek reliiktans torku i¢in dagitilmig sargilar tercih edilmektedir [25,30,32]. Bu
sebeplerle 48 oluk ve 8 kutup yapisi tercih edilmektedir. Bu oluk-kutup uyumu ile yiiksek reliiktans tork
saglayacaktir fakat bu sargi secimi ile tork dalgalanmasi da yiiksek olacaktir. Ileri béliimlerde
bahsedilecek optimizasyon caligsmalari ile tork dalgalanmasi degeri diisiiriilmeye c¢alisilacaktir. Akim
yogunlugu J (A/m2) degeri 3-7 A/m2 araliginda degismektedir. Eger sistemde ilave sogutma ekipmanlari
bulunursa bu deger yiiksek secilebilmektedir. Manyetik devrelerdeki aki yogunlugu makinanin
laminasyonunda kullanilan materyale bagli olarak belirli degerler altinda olmalidir. Genellikle iyi
tasarlanmig bir motorda stator dislerindeki maksimum aki yogunlugu degeri 0.2T < B,y <0.8T
araliginda olmalidir. SRM’ler amper basina maksimum tork ile ¢aligtirildiklarinda, dezavantajlarindan
olan diisiik giic faktorii degerine sahiptirler. Cikis geriliminin giris gerilimine doniisim orani 0.8-1
araliginda kabul edilmektedir. Stator oluk dolgu faktori ks = AC“/ Ag, esitligi ile ifade edilmektedir.
Burada A., toplam bakir alanin1 ve A, ile stator oluk alanini ifade etmektedir. Dagitilmis sargi tip
kullanildiginda 0.6 degerinde dolgu faktorii kullanilabilmektedir. Bu oran yaliim kalinligma ve
iletkenlerin geometrisine gore de bagl olarak degisebilmektedir. i¢ capin dis capa orani k4 kutup sayisi

ile dogru orantili degisen bir degerdir. 8 kutuplu motorda bu deger 0.72-0.74 aras1 secilmektedir [31]. EA-
IM ve EA-SRM tasarimlari i¢in secilen baslangic degerleri ve stator oluk olgiileri Tablo 1 de verilmistir.

Tablo 1. Tasarum icin segilen baslangi¢ degerleri ve stator oluk olgiileri

Parametreler Tanim Deger

P, Cikas giicii 2.2 kW

n Hiz 1500 d/d

n Verim %90

Cos ¢ Giig faktorii 0.7

p Kutup cifti sayis 4

Bavg Ortalama manyetik aki yogunlugu 0.65T

A Elektrik yiikii 23000 A.turn/m

qs Her faz her kutuptaki oluk sayis: 2

J Alam yogunlugu 5 A/mm2

kgt Laminasyon faktorii 0.96

ky Sargi faktorii 0.933

ks Dolgu faktérii 0.6

kg Stator i¢-dis ¢cap orant 0.72

Hs, Stator oluk girisi uzunlugu 1.5 mm

Hsq Stator oluk  girisi-boyundurugu 1.5 mm
arasi

Hs, Stator oluk yiiksekligi 18.75 mm

Bs, Stator oluk girisi genisligi 2.5 mm

Bs; Stator oluk tist genisligi 6.5 mm

Bs, Stator oluk alt genisligi 6.5 mm
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3.1. Rotor Tasarimlari (Rotor Designs)

Rotor oluk sayisi se¢mek, tork dalgalanmasi, ilave kayiplar, radyal kuvvetler, giiriilti ve titresim
degerlerini en aza indirmek i¢in 6nemlidir. Yapilan calismalarda oluk sayis1 eslesmeleri ve performanslari
incelenmigtir [32-34]. Rotor ¢ubuklar egik olmayan durumlarda, rotor gubuklari ¢ift sayida secilmelidir.
Eger stator oluk sayis1 48 sec¢ilmisse en uygun rotor oluk sayis1 54 secilmelidir. Bir bagka ¢alismada da
rotor oluk sayist 52 alindiginda R=54 ile korelatif degerler cikmustir. Sonlu Elemanlar Yontemi ile
analizler yapildiginda analiz sonug¢larinin hizli alinmasi i¢in EA-IM’nin % modeli alinirsa R=52 daha
uygun olacaktir. 4 kutuplu (p=4) i¢in stator-rotor oluk eslesmeleri Tablo 2°de gosterilmistir [35].

Tablo 2. 4 kutuplu (p=4) IM icin stator-rotor oluk eslesmeleri

R (egimli rotor cubuklari-¢ift)
22, 26, 30, 36, 38, 50, 52, 54, 58, ...

S=148 S=72
(egik olmayan rotor ¢ubuklar: — ¢ift)  (egik olmayan rotor ¢ubuklar: — ¢ift)
30, 42, 50, 54, 58, 62, ... 42, 44, 46, 50, 58, 60, 82, ...

Rotor bar akimi Denklem 17°de gosterilmistir.

K12mN1Ky1lg
Ny

17

Bu Denklemde;
K, = 0.8cos®,, + 0.2 18

Yiiksek verimde rotor barindaki akim yogunlugu j, = 3.42 A/mm? alinabilir. Rotor kullamilabilir oluk
alan1 Denklem 18 ile hesaplanabilir.
U}

Ay = L 19
Sekil 4’te goriilen uzunluklar asagidaki Denklemler yardimiyla hesaplanabilir. [, = 0.5 mm ve O, =
1.5 mm almabilir. Rotor disi genisligi by, Denklem 20°de ve rotor oluk disi uzunlugu z,, Denklem 21°de
ifade edilmistir. Rotor dislerindeki aki yogunlugu B, ifadesi radyal akili motorlarda 1.5-2.2 T
almmaktadir. EA-IM de de ayn1 sekilde kullanilabilir [26,29].

B

_ _bg
ber = KreBtr tr 20
Din—2
r= ut N, 9) 21

EA-SRM, rotor —d ve —q eksenlerindeki endiiktans farki ile reliiktans torkunun olusmasi konsepti ile
calismaktadir. Rotor bariyerlerindeki 6zgiin tasarim ile bu endiiktans farki maksimize edilmeye ¢aligilmuis
ve tork dalgalanmasi minimize edilmistir. Yapilan optimizasyonlar ile rotor bariyerlerinin sayisi,
genislikleri, bariyer baslangic acilart gibi degiskenler optimum sekilde ayarlanmistir. Sonug olarak daha
onceden yapilmamis ve 6zgiin rotor topolojisi olusturulmustur. Motor da iiretilecek tork degeri Denklem
22’de verilmistir [37].

3 o 3 .
Tom = Ep(Lmd — Ling)imaimg = 5P(Lma = Ling) I sin(2y) 22

Denklem 22°de Ly,q Ve Lynq —d Ve —q eksenlerinde hava araligindaki endiiktanslar1, i, Ve ipq —d Ve —q
eksenlerindeki stator akimlarimi, [, stator akiminin vektdr genligini ve y ise akim acisim ifade
etmektedir. Goriuldigi tizere tork degeri rotorun yapisi ve geometrisi ile dogrudan iligkilidir. EA-SRM
rotor yapisindaki bariyer ve segmentlerin oranlar yalitim oran1 (k) olarak isimlendirilmektedir [39].

la
kg = ﬁ 23
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Rotor
— Py —
b hr
tr
or wr
— Ty — D L=
Stator

Sekil 4. EA-IM igin rotor oluk geometrisi

l4 toplam bariyer genisligini ve [, ise toplam demir genisligini ifade etmektedir. Burada amag optimum
tasarimi bularak torku maksimize etmek ve tork dalgalanmasini en aza indirmektedir. Literatiirde radyal
akili motorlar igin k, degerleri 0.4, 0.6, 1, 1.2 ve 1.5 gibi degerler alinarak galigmalar yapilmistir [31,38].
Rotor kutuplarinda bulunan segment ve bariyerlerin agisal olarak pozisyonlar1 tork ve tork
dalgalanmasinda onemli parametrelerdir. Denklem 24’te “a” bariyerler arasindaki agidir. “B” ise a
agisinin kontrolii i¢in gerekli ilave yardimci agidir.

P

1
Niayert;

24

a acist ile tork dalgalanmasi minimize edilebilmektedir. Optimizasyon calismalar1 ile B agisimin da
degisecegi calismalar ile gosterilmistir. Yapilan c¢aligmalarda « =§ alinarak hesaplamalar

yapilabilmektedir [38]. Diger 6nemli parametreler, bariyer ve segmentlerin kalinliklarinin hesaplaridir.
Sekil 5’te EA-SRM rotorun bir kutubundaki bariyer ve segmentleri 6rnek olarak gdsterilmistir.

Sekil 5°te segment genigligi “S” ile bariyer genislikleri ise “W” ile gosterilmistir. Segmentlerin hava
araliginda olugsan MMF lerinin ortalama (p.u.) degerleri hesaplanmis, bir segmentten digerine toplam aki
farki dikkate alinmistir. Ayni1 yontem ile bariyer genisliklerinin hesaplar1 da her bariyer lizerindeki MMF
farki (Afy) ile yapilabilmektedir. Bu hesaplar sonrasi her bir segment ve bariyerin kalinliklar1 elde edilmis
olacaktir. Boylece yalitim orani kg , l; Ve 1, oranlar ile hesaplamp elde edilebilir [15, 26, 31, 39].

4. SONLU ELEMANLAR YONTEMIi (SEY) TASARIMLARI VE ANALIZLERi (FINITE
ELEMENT METHOD (FEM) DESIGN AND ANALYSIS)

Tasarim metodolojisinde ilk olarak tasarim kriterleri belirlenmektedir. Daha sonra elektromanyetik
tasarim olarak ifade edilen, icerisinde motor boyutlandirmalari, optimizasyonu ve SEY analizini
icermektedir [5]. Bu calismada stator tasarimi ve motor boyutlari ayni olan motorlarin, rotor
tasarimlarinin farkliliklar1 ile motor performansini karsilagtirmak amaglanmistir. Sonug olarak sadece
rotor degisimi motor performansinin karsilastirmasi yapilacaktir. 2.2 kW giiciindeki referans EA-IM ile
yeni bir tasarim olan 2.2 kW giiciindeki EA-SRM Kkarsilastirilacaktir.
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Sekil 5. EA-SRM rotor bariyer ve segmentleri

4.1, Stator Modeli (Stator Model)

Her iki motor tipinde ortak secilecek stator tasariminda sargi parametreleri Tablo 3’te gdsterilmistir.
Stator ve amper-sarim degerleri esit bir karsilastirma olmasi i¢in ayni secilmistir. Stator mesh ve
manyetik aki yogunlugu goriintiisii Sekil 6’da gosterilmistir. Analizlerin dogrulugu agisindan mesh sayisi
0zel olarak artirilarak “200364” mesh olusturulmustur. Manyetik aki yogunluguna bakildiginda ortalama
1.5 T ile malzemenin doyumda olmadig1 gézlenmistir.

Tablo 3. Stator sargt parametreleri

Tanim Deger
Faz sayist 3

Sargt katmani 2

Sargt tipi Tam kalip
Paralel kol 1
Oluktaki iletken sayist 58

Adim sayist 5

Iletken boyutu capt 2x0.85mm

Oluk sayisi 48
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B [tesla]
2.5000

l22511
21018
1.9525
1.8032
1.8539
1.6046

1.3652
1.2059

1.0566

Sekil 6. Stator ve mesh goriintiisii

0.7580
06087
0.4593
0.3100
0.1807
00114

4.2. Ea-Im/ Ea-Srm Rotor Modelleri Ve Sey Analizleri (Af-Im / Af-Synrm Rotor Models And
Fem Analysis)

Analitik olarak tasarlanmig EA-IM ve EA-SRM nin karakteristik egrilerini ¢ikarmak i¢in 3D- Sonlu
Elemanlar Yontemi (SEY) ile analizleri yapilmistir. Bariyer analiz ve tasarimlari i¢in SEY tabanh
benzetim programi ile ¢aligmalar yapilmistir. SEY, akigkanlar dinamigi, elektromanyetik, magnetostatics
ve termal iletkenlik gibi integral ve diferansiyel denklemler igeren esitliklerin ¢6ziimii i¢in kullanilan
niimerik bir tekniktir. ANSYS programi, sonlu elemanlar yontemi gibi fiziksel problemlerin ¢ézlimii i¢in
kullanilan bir paket programdir. Bu ¢alismadaki modeller ANSYS Electromagnetics Suite paket programi
ile tasarlanmis ve analizleri yapilmistir. Manyetik analizlerdeki hesaplama siirelerini azaltmak i¢in stator-
rotor bariyer uyumlar1 g6z Oniine alinarak EA-SRM’nin 1/8 ve EA-IM’nin 1/4 motor modeli
kullanilmistir. Motor pargalarinda materyal olarak, Stator igin “JFE Steel 35JN300” ve rotor igin
“Steel 1010 kullanilmigtir. Tasarlanmig modellerin SEY analizleri 80 ms boyunca 0.33 ms lik araliklarla
analiz edilecektir. EA-IM igin harici uyartim devresi uygulanmistir ve Sekil 7°de gosterilmistir. EA-SRM
sabit akimda uyarilmistir ve uygulanan akim degerleri-parametreleri Tablo 4’te gosterilmistir. Bu
calismada referans olarak secilen EA-IM’ nin % model rotor goriintiisii (mesh) ve sincap kafesi (mesh)
Sekil 8’de gosterilmistir. Stator-rotor oluk sayisi eslesmesi olarak 48-52 se¢ilmistir [35].

Tablo 4. EA-SRM uygulanan akim ve parametre degerleri

Parametreler  Ag¢iklama Deger
Gamma_TSC  Akim agist 459
Imax_TSC Alam 8.202 A
Speed_TSC Hiz 1500 d/d

Phase A akimi Imax_TSC * sin(Speed_TSC/1rpm*8/60*pi*time+Gamma_TSC- 8.20 A
0.0deg- O deg)

Phase B akuimi Imax_TSC * sin(Speed_TSC/1rpm*8/60*pi*time+Gamma_TSC- -4.14 A
120.0deg- O deg)

Phase C akimi Imax_TSC * sin(Speed_TSC/1rpm*8/60*pi*time+Gamma_TSC- -4.06 A
240.0deg- O deg)

) d-q eksenleri hizalama agist —15.39
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Sekil 7. EA-IM harici uyartim devresi

Sekil 8. a) EA-IM Rotor ve b) EA-IM Sincap Kafesi

EA-SRM tasariminda Sekil 9’da gosterilen asamalar izlenmistir. Bu asamalardaki parametrelerin
degisimi, maliyet, verim ve iretilebilirligi i¢in 6nemlidir [5]. Hava araligi olarak 0.3 mm almmustir.
Uygun model olusturulduktan sonra referans EA-IM ile performanslari karsilastirilacaktir.

Rotor Bariyer Sayist

I Yaliim Orani (kq)
‘ 1 Bariyer Rotor Bariyer Koseleri
E— ' ' kq—0.6
‘ 2 Bariyer ‘ ‘ sseli ‘

_ Koseli B g | EASRM

» . ‘ kq=1 ‘ Tasarimi
3 Bariyer ‘ Agisal
Yuvarlatilmig
\ kq=1.5 ‘

4 Bariyer

Sekil 9. EA-SRM tasarim asamalari

Daha once yapilmisg ¢alismada 2.2 kW giiciindeki EA-SRM tasariminda Sekil 9’daki asamalar detaylica
incelenmistir [26]. Yapilan analiz ve karsilagtirmalar sonucunda, 2.2 kW gii¢ degerindeki bir motor igin
nominal tork degerini gergeklestirmis ve en diisiik tork dalgalanmasi degerini veren model 4 bariyerli,
bariyer koseleri agisal olarak yuvarlatilmig ve 0.6 yalitim orani segilmistir. Analiz sonucu secilen modelde
tork dalgalanmasi degerini diisiirmek icin Genetik Algoritma (GA) tabanli optimizasyon analizi de
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yapilmigtir. Rotor bariyerlerinin —q ekseni yoniindeki kalinliklar1 ve bariyer uglarinin genislikleri
degistirme yontemi uygulanmustir. Yapilan optimizasyon Oncesi ve sonrasi bariyer Olgiileri Tablo 5’te
gosterilmistir. ‘emb’ olarak belirtilen degiskenler bariyer uglari genigliklerini ifade etmekte ve ‘0-0.99’
araliginda degismektedir. ‘S’ ise g-ekseni bariyer genisligini milimetre cinsinden gostermektedir [26].
Sekil 10°da optimizasyon analizi sonucu tasarlanmig EA-SRM rotoru ve mesh goriintiisii gosterilmistir.

Tablo 5. Optimizasyon éncesi ve sonrasi EA-SRM rotor bariyer élgiileri

Degiskenler Optimizasyon oncesi  Optimizasyon sonucu
emb 11 0.95 0.9236
emb 12 0.85 0.8262
emb 21 0.75 0.7539
emb 22 0.65 0.6387
emb 31 0.55 0.5697
emb 32 0.45 0.4688
emb 41 0.3516 0.3970
S11 29.99 28.6331
S12 24.355 22.7361
S21 15.787 15.9944
S22 11.2 10

S31 7.818 8

S$32 4914

S41 2.458 3

Sekil 10. EA-SRM 1/8 rotor modeli (mesh)
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Sekil 11. a) EA-IM ve b) EA-SRM Rotor Manyetik Aki Yogunluklar:

-- ‘|1A3497
— 1.1854
—N 10211

| 0.8567

B [tesla]

2.5000
2.3357
21713
2.0070
1.8427

1.6784
. 15140

0.6924
0.5281
0.3638
0.1994
0.0351

b)

Sekil 11°de gosterilen rotor manyetik akim yogunluklar1 incelendiginde malzemelerin doyumda olmadigi
gozlenmistir. EA-IM rotor dislerindeki aki yogunlugu degerleri 1.3-1.7 T araliginda ve uygun araliktadir.
EA-SRM nin rotor boyundurugunda 0.5-0.7 T araliginda ve hava araligina yaklastikca 1.7-1.8 T akim
yogunlugu degerleri ile malzemenin doyumda olmadig1 gosterilmistir.

Son durumda EA-IM ve EA-SRM rotor topolojileri olusturulmus ve manyetik aki yogunlugu agisindan da
incelenip karsilastirilabilir duruma gelmislerdir. Bir sonraki boliimde motorlarin sadece rotor degisiminin

motor performansina etkisi gosterilecektir.

4.3. Performans Karsilastirmalari (Performance Comparisons)

Analiz sonuclar1 Tablo 6’da gosterilmistir ve %25-%50-%75-%100-%125 yiik araliklarinda alinmistr.

Sekil 12-18 araliginda performans karsilastirmalari yapilmustir.

Tablo 6. EA-IM ve EA-SRM SEY analiz sonuclart

Yiik (%)
25 50 75 100 125
Tork (Nm) EA-IM 3.53 6.74 10.55 13.96 18.19
EA-SRM  3.528 7 10.5 13.93 17.28
Verim (%) EA-IM 70.62 81.33 82.92 82.28 80.55
EA-SRM 88.88 90.75 89.5 89.3 85.8
Gii¢ Faktorii (cos ¢) EA-IM 0.3 0.45 0.57 0.63 0.67
EA-SRM 0.6 0.7 0.69 0.67 0.67
Girig Giicii (kW) EA-IM 0.82 1.41 1.89 2.5 2.75
EA-SRM 0.76 1.49 2.25 3.08 4.14
Toplam Kaywplar (kW) EA-IM 0.2 0.5 0.57 0.63 0.51
EA-SRM 0.06 0.11 0.18 0.26 0.39
Akim  basina  Tork EA-IM 0.75 1.45 1.92 2.2 2.48
(Nm/A) EA-SRM  1.62 2.06 2.3 2.4 2.37
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Sekil 12. Tork-Akim karsilastrmast

Sekil 12°te goriildiigii tizere EA-SRM’nin tork degeri, %125 yiik durumunda gii¢ faktorii hari¢ diger tiim
yiik durumlarinda dstiin ¢ikmistir. Bunun sebebi olarak, gii¢ faktorii grafiginde de goriilecegi lizere EA-
SRM de tam yiikiin lizerinde giic faktorii de dismistiir. Sekil 13’te Gii¢ faktorii-Yiik durumlar
karsilastirilmistir. %25 ylik durumunda gii¢ faktorii farki fazla olmasina ragmen %125 yiik durumunda
esitlenmistir. Fakat EA-SRM’nin iistiin durumda oldugu goriilmektedir.

& ]
T
\
|

EA-IM ve EA-SRM Gii¢ Faktorii-Yiik
I T T T

BEA-IM
0.8 | mEA-SRM e i
07|

Guc Faktoru

0.2
0.1
0
25 50 75 100 125
Yiik(%)

Sekil 13. Gii¢ Faktorii-Yiik karsilastirmast

Verim karsilagtirmas1 Sekil 14’te gosterilmistir. Tiim yiik durumlarinda EA-SRM’nin verimi istiin
cikmistir. Tam ylikte EA-SRM verimi oransal olarak %8.53 daha fazladir.



312 Harun Serhat GERCEKCIOGLU, Mehmet AKAR / GU J Sci, Part C, 9(2):297-316 (2021)

EA-IM ve EA-SRM Verim-Yiik
I I T

100 ‘
BEA-IM
90.75 EEA-SRM
90 -
85.8

;\? 80
£
L 70

60

50

25 50 75 100 125
Yuk (%)

Sekil 14. Verim-Yiik karsilastrmasi
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Sekil 15. Akam basina Tork (Nm/A)-Yiik karsilastirmast

Sekil 15°te akim basina tork degerlerine bakildiginda %125 hari¢ EA-SRM iistiin ¢ikmustir. Yiik miktar
arttikca Nm/A orani da artmistir. Tork degeri yiik ile dogru orantili artmis olmasina ragmen EA-SRM’de
Nm/A oran1 maksimum, tam yiikk degerinde goézlenmistir. Bu da EA-SRM ‘nin optimal c¢aligma
noktasinda ¢alistiginin gostergesidir.
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Sekil 16. Giris Giicii-Yiik karsilastirmasi
EA-IM ve EA-SRM Toplam Kayiplar-Yiik
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Sekil 17. Toplam Kaywplar-Yiik karsilastirmast

Sekil 16’da EA-IM ve EA-SRM giris gii¢lerinin yiik ile degisimi gosterilmistir. Her iki motorda yiik ile
giris glicli dogru orantili olarak artmistir ve EA-SRM istiindiir. Sekil 17’de ise toplam kayiplar
karsilastirilmigtir, Tam yiikte EA-IM toplam kaybi EA-SRM’nin 2.42 kat1 fazladir.

5. SONUC (CONCLUSION)

Diisiik giiclii endiistriyel uygulamalarda kullanilan motorlarda verim, gii¢ yogunlugu ve maliyet 6nemli
rol oynamaktadir. Enerji verimliligi ve kompakt yapinim Oneminin her gegen giin arttig1 giiniimiizde,
rotorunda bakir kayb1 bulunmayan ve eksenel yapisi ile kompakt yapida bulunan ve 6zgiin bir motor olan
EA-SRM tasarimi, ayni stator yapisina sahip EA-IM ile karsilagtirilmigtir. EA-SRM rotor tasarimi
iizerinde bariyer sayisi, bariyer yapist ve ¢ikintt oranin1 (Ld/Lq) dogrudan etkileyen yalitim orami (kq)
parametreleri {izerinde detayli ¢alisilmig ve ayrica optimizasyonu da yapilmistir. Bu ¢aligmada 2.2 kW
giicii referans alinmig iki motor tasarlanmustir. Kargilagtirmada dis ¢api, i¢ ¢api ve stator parametreleri
ayn1 olup sadece rotor degisimi ile motor verimi oransal olarak %8.53 artarak, IE3’ten IE4 standartlarina
¢ikarilmistir. Tam yiikte EA-SRM de, EA-IM den %23.2 fazla gii¢ tiretilmistir.

Sonug olarak toplam kayiplari, maliyetleri ve verim degerleri goz oniine alindiginda, EA-SRM tasarimi,
referans alinarak kargilagtirilan EA-IM’a alternatif olacaktir. llerleyen caligmalarda iiretimsel siireclerden
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gecen EA-SRM’nin, EA-IM ile deneysel karsilagtirmasi da yapilabilecektir. Ayrica EA-SRM’nin
miknatisli tasarimlari da tasarlanip karsilastirma prosediirii tekrarlanabilir.
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In this study, a closed-loop analog controller design and implementation is achieved for a novel
isolated Z-source dc-dc converter with high voltage gain by using K-factor design method. The
novel structure of the converter complicates the design of an effective closed-loop controller
that guarantees high performance under all conditions. Within this context, a small signal model
is developed to reflect the dynamics of the converter. By using the bode diagram obtained from
the small signal model, the error amplifier circuit is designed with the K-factor design method.
Simulation study is performed in PLECS to verify the design. Applying the experimental study,
the results are compared with the simulation study. The results of the study prove that the
control system designed with the K-factor design method works successfully.

Vref ———*  Epor Ve PWM d DC-DC Vo
Amplifier Generator Converter

Figure A. The overall block schema of a closed-loop controlled dc-dc converter

Purpose: The main purpose of this study is to ensure that the output voltage of a novel Z-source
dc-dc converter supplies a stable and constant output voltage despite the variations in input
voltage and load within certain limits. The converter is turned into a closed loop system with
analog control method. In order to achieve this purpose, the K-factor design method used for
error amplifier circuit design and the small signal model used for this method are explained.

Theory and Method: The type-3 compensator is used to turn a novel Z-source dc-dc converter
into closed loop system. Firstly, the small signal model required for the K-factor design method
is obtained by using the PLECS. Secondly, the type-3 error amplifier circuit is designed by
using the theoretical study and small signal model. Finally, the output voltage is analyzed by
creating step changes in input voltage and load with simulation and experimental study.

Results: 10% and 20% changes in the input voltage and 20% changes in the load of the dc-dc
converter are implemented. Despite the changes, the output voltage provided by the converter
remains constant with an error margin of 1%.

Conclusion: In this paper, by using the K-factor design method, a novel Z-source dc-dc
converter is turned into closed loop controlled system. Although the input voltage and load
changes, the dc-dc converter continues to produce a constant output voltage with the created
controller. The most important advantage of the method is that the K-factor design method has a
certain flow of mathematical equations. The mathematical method makes the design process
easier and safer. By means of implementing with a new generation dc-dc converter, a robust and
reliable control method has been proved for a new generation converter.
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In this study, an analog controller design and implementation are performed by using the K-
factor design method for a novel isolated Z-source dc-dc converter with high voltage gain. The
closed loop converter system created by the controller circuit ensures a constant output voltage
at the converter output although there is a step change in input voltage and load within certain
limits. The K-factor design method used to design the controller circuit allows obtaining the
design of the feedback circuit with a certain flow of mathematical equations. The mathematical
method used to calculate the controller circuit elements increases the reliability of the closed
loop system. In this study, firstly, theoretical study of a closed loop control of a novel Z-source
dc-dc converter topology is completed with K-factor design method. Secondly, the theoretical
study results are analyzed by implementing a simulation study in PLECS. Lastly, by conducting
an experimental study, simulation results and experimental results are compared. The results of
the simulation study and experimental study demonstrates that the controller generated with the
K-factor design method controls the output voltage. As a result, it has been demonstrated that a
reliable control method is created for a new generation dc-dc converter with the K-factor design
method.

Yeni Nesil Yiiksek Gerilim Kazanch ve Izoleli Z-Kaynak DA-DA
Doniistiiriicii icin K-Faktor Tasarim Yontemi ile Analog
Denetleyici Tasarimi ve Uygulamasi

Oz

Bu ¢alismada yeni nesil yiiksek gerilim kazangh ve izoleli Z-kaynak da-da doniistiiriicii i¢in K-
faktor tasarim yontemi kullanilarak analog denetleyici tasarimi ve uygulamasi yapilmistir.
Denetleyici devresi ile olusturulan kapali ¢evrim doniistiiriicli sistemi girig geriliminde ve ylikte
belirli sinirlar igerisinde degisim meydana gelmesine ragmen doniistiiriicii ¢ikisinda sabit ¢ikis
gerilimi elde edilmesini saglar. Denetleyici devresini tasarlamak i¢in kullanilan K-faktor
tasarim yontemi ile geri besleme devresinin tasarimi belirli bir matematiksel denklem akisi ile
elde edilir. Denetleyici devresinin elemanlarint hesaplamak i¢in kullanilan matematiksel yontem
kapali ¢evrim sistemin giivenilirligini arttirmaktadir. Bu c¢alismada ilk olarak K-faktor tasarim
yontemi ile yeni nesil bir Z-kaynak da-da doniistiiriicii topolojisinin kapali déngii denetiminin
teorik ¢alismas1 yapilmistir. Tkinci olarak PLECS de teorik ¢alisma sonuglari benzetim caligmast
yapilarak incelenmistir. Son olarak deneysel calisma da yapilarak benzetim sonuglari ve
deneysel sonuglar karsilagtirilmistir. Benzetim ¢aligmasi ve deneysel ¢aligma sonuglart K-faktor
tasarim yontemi ile olusturulan denetleyicinin ¢ikis gerilimini denetim altina alabildigini
gostermistir. Sonug olarak K-faktdr tasarim yontemi ile yeni nesil bir da-da doniistiiriicii i¢in
giivenilir bir kontrol yontemi olusturulabilecegi gosterilmistir.
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1. GIRiS INTRODUCTION)

DA-DA dontstiiriiciiler girisine uygulanan DA gerilimi yiikselten veya diisiiren elektronik devrelerdir.
DA-DA déniistiiriictilerde kontrol islemi devrede anahtarlanan yari iletkenlerin degisimlere karsi uygun
doluluk oraninda anahtarlanmasi prensibine dayanir. Yiikseltme veya diisiirme islemi anahtarlama
eleman olarak kullanilan yar1 iletkenlerin anahtarlama siiresi degistirilerek yapilir [1-3]. Kapali ¢evrim
sistem doniistiirlicliniin giris geriliminde veya besledigi yiikte degisim olmasina ragmen ¢ikis geriliminin
hedeflenen seviyede sabit kalmasini saglar [2-3].

Son yillarda &zellikle fotovoltaik sistemler, elektrikli ara¢ sistemleri gibi yiiksek gerilim ihtiyaci olan
sistemlerde kullanmak amaciyla yiiksek gerilim kazanci saglayan ve izolasyon 6zelligi bulunan da-da
doniistlriiciiler lizerine calismalar yapilmaktadir. Yiiksek gerilim kazanci saglayabilmek i¢in kuplajh
endiiktor kullanimina olan ilgi artmaktadir [4]. Kuplajli endiiktor ile gerilim kazanci oranini arttirabilmek
icin 6zgiin topolojiler gelistirilmektedir. Kuplajli endiiktér kullanimina ek olarak anahtarlama kayiplarini
azaltarak kazanci arttirmak amaciyla sifir akim altinda anahtarlama yapabilen topoloji gelistirilmistir [5].
Kuplajli endiiktdr yapisina gerilim katlama yonteminin dahil edilmesi bir diger kazanci arttirma
calismadir [6]. Cok kathi topolojilerin gelistirilmesi [7], geleneksel bir topoloji ile kuplajli endiiktor
yapisinin birlikte kullanilmasi, anahtarlamali kapasitorlerin dahil edilmesi [8] kuplajli endiiktér kaynakli
kacak endiiktans enerjisinin devre elemanlar1 {izerinde stres olusturmasinin Oniine gegerek kazanci
arttirmaktadir. Bu ¢alismalara ek olarak kuplajli endiiktor baglanti yapisina Z-kaynak baglanti yapisinin
dahil edilmesiyle ortaya ¢ikarilan topolojiler bulunmaktadir [9-11].

Bu caligma kapsaminda yeni nesil yiiksek gerilim kazangh ve izoleli Z-kaynak da-da doniistiiriicii
kullanilmistir [9]. Kuplajli endiiktér ve Z-kaynak baglantisi ile olusturulan bu doniistiiriiciilerin getirdigi
onemli avantajlar vardir [9-11];

1. Kuplajli endiiktor sayesinde yiiksek gerilim kazanci igin diisiik sarim oranlari yeterli olur.

2. Z-kaynak baglant1 yapisi ile kuplajli endiiktorden kaynakli kacak endiiktans enerjileri kapasitorler
lizerine bosalarak devredeki yari iletkenler iizerinde ilave stres olusturmaz.

3. Kuplajli endiiktoriin Z-kaynak baglant1 yapisi sayesinde daha diisiik doluluk oraninda yiiksek gerilim
kazanc1 elde edilir. Diisiik doluluk orani birincil sargidaki ortalama gerilim degerini azaltacagi i¢in yari
iletkenlerden ve iletimden kaynakli kayiplar azalir.

4. Kuplajli endiiktor sayesinde giris ve ¢ikis arasinda izolasyon saglanir.

Yenilenebilir enerji kaynaklari ile enerjinin belirli sartlar altinda, istenilen seviyede, giivenli bir sekilde
iiretimi i¢in zorunluluklar olusturulmaktadir [12]. Bu zorunluklar altinda enerjinin iiretimi asamasinda
kontrol sistemleri kritik bir rol oynamaktadir. Yeni nesil yliksek gerilim kazangl da-da doniistiiriictilerin
gelistirilmesiyle bu topolojilerin endiistriyel uygulamalarda kullanimlarinda sabit ¢ikis gerilimi
saglayabilmeleri i¢in kontrol uygulamalari {izerine de ¢alismalar yayginlagsmaya baglamustir.

Dijital tabanli geleneksel PI ve PID kontrol yontemleri kuplajli endiiktdr kullanan doniistiiriicii
topolojilerinde kullanilmaktadir [13-14]. Dijital elemanlar analog elemanlara gére Omiir siiresi ve ¢evresel
etkiler agisindan daha verimli iken devre tizerindeki giiriiltiilere kars1 daha dayaniklidir [14]. Ancak dijital
yontemler i¢in yazilim bilgisine ihtiya¢ vardir. Yazilimsal ¢alismalar optimizasyona ihtiya¢ duyarken
dogrulama faaliyetleri de tasarim siirecini zorlastirmaktadir. Bundan dolay: dijital kontrol yontemleri i¢in
maliyet bir dezavantaj olarak ortaya c¢ikmaktadir. Kuplajli endiiktor kullanan da-da donistiiriici
topolojilerinde kullanilan bir diger kontrol yontemi tepe akim mod kontrol yontemidir [15]. Bu yontemde
PI kontrol ydnteminden yararlanilmaktadir. Kontrol ydnteminin dinamik tepkisi iyidir bundan dolay1
gecici durum degisimlerine karsi hizhi tepki vermektedir. Ancak bu kontrol yonteminde PI kontrol
sabitlerini ayarlayabilmek igin optimizasyon c¢alismasi yapmak gerekmektedir. Kayan mod kontrol
yontemi ile geleneksel PI veya PID kontrol yontemlerinin birlikte kullanildigi kontrol yontemleri de
literatiirde bulunmaktadir [16-17]. Bu yontemde iki asamali bir kontrol uygulamasi yapilmaktadir.
Dogrusal olmayan doniistiiriiciiler i¢in dogrusal olmayan kontrol yontemi kullanilmasi 6zellikle gecici
durum cevaplarinda basarili sonuglar elde edilmesini saglamaktadir. Kayan mod kontrol [16-17], bulanik
mantik [18] ve yapay sinir agi [19] kullanarak olusturulan kontrol yontemleri da-da denetim
yontemlerinin daha modern yoOntemleri olarak Ornek verilebilir. Ancak bu yapilarm hesaplama
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karmagikligr ile kullanim zorlugunun bulunmasi endiistride tercih edilmelerinin 6niine gegmektedir [20].
Literatiirde K-faktor tasarim yontemi kullanilarak yapilmis kontrol uygulamalari bulunmaktadir [21-22].
Ancak bu calismalarda kullanilan da-da doniistiiriiciiler karmasik olmayan ve eski tip doniistiiriiciiler olup
yeni nesil donistiiriiciiler i¢in K-faktor tasarim yonteminin performanst hakkinda bilgi vermemektedir.

Bahsi gecen yeni tip Z-kaynak doniistiiriicii ile ilgili daha onceki ¢alismada, Z-kaynak doniistiiriiciiniin
acik ¢evrim tasarimi yapilmistir ancak kapali gevrim sistem haline getirilmemistir [9]. Bu yayin igerisinde
donistiiriiciiniin kapali ¢evrim denetleyici tasarimi yapilmis ve bu kapsamda kullanilan tip-3 analog
denetleyicinin tasarimi igin K-faktor tasarim yontemi kullanilmistir. K-faktor tasarim yontemi frekans
alaninda kesim frekans1 ve faz payr odakli calisgan analog denetleyici tasarim yontemidir. Yontem
dogrusal bir kontrol yontemi oldugu icin da-da doniistiiriiciiniin kiigiik sinyal modeline ihtiya¢ duyar.
Yontemin tasarim hesaplamalari i¢in belirli bir matematiksel denklem akisina sahip olmasi ve bu akig
icerisinde kiiciik sinyal modelini kullanmasi1 yontemi giivenilir kilmaktadir. Matematiksel yontem tasarim
stirecini kolaylastirmak ile birlikte optimizasyon islemine gerek duymadig: icin ekstra tasarim yiikiinii
ortadan kaldirarak énemli bir avantaj saglamaktadir. Yontemin analog bir yapiya sahip olmasindan dolay1
dijital yontemlerin aksine yazilim ihtiyaci olmamasi daha diisiik maliyet ile denetleyici yapisi kurulmasin
saglamaktadir. Bu c¢alismanin temel katkisi yeni nesil bir da-da doniistiiriicii ile gergeklestirilmesi
sayesinde K-faktor tasarim yonteminin yeni nesil da-da doniistiiriictiler igin de kullanilabilecegini
gostermesidir.

Calismanin devaminda Bolim 2’de Z-kaynak da-da doniistiiriicti kapali ¢evrim sisteminin tanimlamasi
yapilmistir. Bolim 3’de da-da doéniistiiriictiniin geri besleme devresi i¢in kullanilan tip-3 kompansator
topolojisinin K-faktér tasarim yontemi ile matematiksel modeli agiklanmistir. Boliim 4’de benzetim
calismalar1 sunulmustur. Bolim 5°de deneysel calisma sonuglar1 verilmis ve benzetim sonuglar ile
karsilastirilmistir. Boliim 6°da ¢alismanin sonuglar1 6zetlenmistir.

2. Z-KAYNAK DA-DA DONUSTURUCU KAPALI CEVRIM SISTEMi (CLOSED LOOP
SYSTEM OF Z-SOURCE DC-DC CONVERTER)

Kullanilan Z-kaynak da-da doniistiirticiiniin kapali ¢evrim haline getirilmis devre yapisi Sekil 1°de
gosterilmistir. Z-kaynak doniistlirliciiniin girisi ile ¢ikisi arasindaki kazang iligkisi denklem 1 ile
belirtilmistir [9]. Denklem 1’de D doluluk oranini, n sarim oranini ve k kuplaj katsayisini temsil
etmektedir. Doniistiiriiclinlin kararli bolgede ¢aligabilmesi i¢in %50 doluluk orani {izerinde siiriilmemesi
gerekmektedir. %50 iizerinde doluluk orami kazang iligkisini negatif degere c¢evirir. Bu durumda
dontstiirtictiniin kararh ¢alismasini engeller. Z-kaynak da-da donistiiriiciiniin temel ¢alisma mantigi iki
ana modda ger¢eklesmektedir. Bu modlar anahtarin agik ve kapali oldugu iki moddan olusur. Anahtar
iletimde iken giris gerilimi kuplajli endiiktoriin sekonder ucuna aktarilarak yiikii besler ve c¢ikis
kapasitoriinii (Cy) doldurur. Anahtar iletimden ¢iktiginda yiik ¢ikis kapasitorii lizerinden beslenir. Z-
kaynak baglant1 yapisi sayesinde kagak endiiktanslardan kaynakli enerji C;-C,-C3-C, kapasitorleri tizerine
bosalarak devredeki yari iletkenler iizerinde ilave stres olusturmaz.

Sekil 1°deki kapali gevrim sistemde hata yiikselteci devresi hedeflenen ¢ikis gerilimi i¢in 6l¢eklendirilmis
cikis gerilimi ile referans gerilimini karsilastirarak hata isareti iiretir. Kompanze edilmis hata isareti darbe
genisligi lireteci devresinde testere disi gerilim ile karsilagtirilarak hedeflenen ¢ikig gerilimini saglayan
doluluk oraninda anahtarlama sinyali {retilir. Elde edilen doluluk oraniyla anahtarlanan gii¢ devresinin
cikisindaki gerilim 6lgeklendirilerek denetleyici tarafindan referans gerilimine esitlenir. Giris geriliminde
ve yikte meydana gelen degisimlere karsi denetleyici Olgeklendirilmis ¢ikis geriliminin referans
gerilimine esit olmasini saglamak i¢in doluluk oranini ortalama bir deger etrafinda degistirir.
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Sekil 1. Kapalr ¢cevrim Z-kaynak da-da doniistiiriicii
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Hata yiikselteci devresinin tasarimi igin kullanilan K-faktor tasarim yontemi dogrusal bir denetleyici
yontemi oldugu i¢in doniistiiriiciiniin dogrusallagtirilmis modeline ihtiyag duyar. Sistemin kararlilik
analizi bu model tizerinden gergeklestirilir. Dogrusal model sayesinde ¢ikis gerilimi ile doluluk orani
arasindaki dinamik iliskiyi veren kiigiik sinyal modeli elde edilir. Kii¢iik sinyal modeli kullanilarak agik
¢evrim doniistiirliciiniin bode diyagrami elde edilir.

Literatiirde da-da dontstiiriiciilerinin kii¢iik sinyal modellerinin teorik olarak nasil elde edilecegi tizerine
calismalar vardir [23-26]. Bu caligsmalarda yontem temel olarak aynidir. Doniistiiriicii igerisindeki pasif
elemanlar durum degiskeni olarak tanimlanir. Durum degiskenlerinin birbirleri ile olan iligkisini
belirlemek i¢in devre analizi yapilir. Devre analizi sonucunda elde edilen tiim denklemler durum
degiskenlerine bagli olarak uygun formatta matrislere konumlandirilir. Doniistiiriiciideki yar1 iletkenlerin
acik ve kapali oldugu modlara gore durum degiskenlerinin agirlikli ortalamalari alimir. Elde edilen
matrisler kontrol teorisinin temelinde olusturulan denkleme yerlestirilerek doniistiriiciiniin
dogrusallastirilmis modelini veren kiigiik sinyal modelinin elde edilmesi saglanir.

Kiiciik sinyal modelini elde etmek ig¢in iki farkli yontem daha vardir. Bunlardan birincisi eger kontrol
edilen dondstiiriicii fiziksel olarak mevcut ise ag analizorii yardimiyla sistemin dogrusallagtirilmis modeli
elde edilebilir [27]. Ikinci olarak teknolojinin gelismesi ile birlikte elektronik devre tasarimlari yapmay1
kolaylastiran benzetim programlart doniistiiriiciilerin kiigiik sinyal modellerinin elde edilmesine olanak
saglamaktadir [28]. Bu yayin kapsaminda kullanilan da-da doniistiiriictiniin kiigiik sinyal modeli PLECS
programi ile elde edilmistir.

Kiigiik sinyal modelinin bode diyagrami PLECS de diirtii yanit1 analizi ile elde edilir. Analiz dontstiiriicii
acik ¢evrim calisirken kararli duruma geldigi anda bir periyotta siniizoidal diirtiiyli doniistiriiciiye
uygular. Analizin algoritmasi dirtiiniin doniistiiriici ¢ikisinda meydana getirdigi tepkiyi kullanarak ¢ikis
gerilimi ile doluluk oranmi arasindaki dinamik iliskiyi veren kiigiik sinyal modelini elde eder ve bode
diyagramini {iretir. Bu analizi yapabilmek icin agik ¢evrim doniistiiriiciide Sekil 2°de gosterilen girig ve
¢ikis yapilarinin olusturulmasi gerekir. Giris kismindaki m isimli parametre doniistiiriiciiniin girisidir. Bu
parametre testere disi dalga ile karsilastirilir ve anahtar1 siiren anahtarlama sinyali iiretilir. Siniizoidal
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diirtii m tizerine m’ isimli degisken ile uygulanir. Kiigiik sinyal modelinin dogru bir sekilde iiretilebilmesi
icin m' degiskeninin genliginin sabit giris genliginin (m) yiizde biri oraninda olmasi gerekmektedir.
Siniizoidal sinyalin frekansini algoritma kendisi ayarlamaktadir. Algoritmanin doniistiiriicii ¢ikisini
algilayabilmesi i¢in doniistiiriiciiniin ¢ikis gerilimi Vs degiskenine aktarilir. Algoritma m' degiskenden
kaynakli tepkiyi Vs isimli degisken ile algilayarak ikisi arasindaki iligkiyi tiretir. Bu iligki kiigiik sinyal
modelini verir ve modelden elde edilen bode diyagram kullaniciya sunulur.

c2
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Sekil 2. PLECS de tammlanmasi gereken giris ve ¢ikig yapilar

Bode diyagramindan hata yiikselteci devresi tasariminda kullanilan kesim frekansina karar verilir ve
kesim frekansinda agik g¢evrim doniistiiriiciiniin faz gecikmesi degeri elde edilir. Kesim frekansi kapali
¢evrim doniistiiriicliniin girig geriliminde ve besledigi yiikte meydana gelen degisimlere karsi verecegi
tepkinin hizin1 belirler [21]. Secilen kesim frekansinda doniistiiriiciide ne kadar faz gecikmesi oldugu
onemli bir noktadir. Faz gecikmesi K-faktor yontemi ile tasarim yapabilmek i¢in sinirlayici bir degerdir
[23]. Kapali ¢evrim bir doniistiiriicliniin kararli bir sekilde ¢alisabilmesi igin kapali ¢evrim doniistiiriicii
kazancinin 0 dB oldugu noktada faz kaymasimin -180° den biiylikk olmasi gerekir. Eger bu kriter
saglanamazsa doniistiiriici kararsiz bolgeye diiser ve dogrusal bolgede calistirilamaz. Kapali ¢evrim
doniistliriiciiniin bode diyagraminda goriilen fazin -180° den uzakligini gdsteren degere faz payi denir.
Faz pay1 kapali ¢gevrim doniistiirliciiniin giris geriliminde ve besledigi yiikte meydana gelen degisimlere
kars1 verecegi tepkinin asim miktarini belirler [21].

3. TiP-3 KOMPANSATOR (TYPE-3 COMPENSATOR)

Sekil 3’de tip-3 kompansatdriin devre semasi verilmistir. Ve, Sekil 1’de belirtilen kapali ¢evrim da-da
doniistliriicliniin ¢ikigindan alinan geri bildirim sinyalidir. Burada geri bildirim sinyali ile referans sinyal
(Vres) karsilastirilarak hata sinyali (Vipgeq) iretilir. Devre semasina ait transfer fonksiyonunun (TF)
genellestirilmis hali denklem 2 ile verilmistir. Sekil 4’de tip-3 kompansatoriin bode diyagrami
belirtilmistir. Tip-3 kompansatdriin orijininde bir tane kutup vardir. Bu kutba ek olarak iki tane sifir-kutup
¢ifti vardir. Sifir-kutup c¢iftleri ¢akisik koklerdir. Tip-3 bode diyagramina gore kazang sifir frekansina
kadar -1 egim (-20 db/decade) ile azalir. Faz katkis1 sagladig1 sifir frekansi ile kutup frekansi araliginda
kazang degeri +1 egim (+20 db/decade) ile artar. Kutup frekansindan sonra -1 egim (-20 db/decade) ile
azalmaya devam eder. +1 egimi cakisik sifir kokleri saglamaktadir. Maksimum faz katkisini yaptigi,
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kutup ve sifir frekansinin orta noktasi kesim frekansidir. Tip-3 kompansatoriin saglayabilecegi maksimum
faz katkis1 180° dir.
A (s+wz)?

Vhata
TFrip_3 = = 2
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Sekil 4. Tip-3 kompansator bode diyagrami

Tip-3 kompansatoriin devre elemanlart ile olusturulmus transfer fonksiyonu denklem 3 ile verilmistir.

1 14+SR3C, 1+5(Rq+R4)C3

TFrip_3 = — 3
Tip-3 SR1(C1+C2) 145RsC1CZ  1+5R4Cs
C1+C>
C,>>C; ve R{>>R, varsayimi ile transfer fonksiyonu denklem 4'deki halini alir.
_ 1 1+SR3C; 1+sR.C3
TFrip-3 = — 4
SR1Cy 1+SR3C1 1+SR4C3

Denklem 4’den yola g¢ikarak cakisik sifir ve kutuplarin bulunduklar frekanslar sirasiyla denklem 5, 6, 7
ve 8§ ile verilmistir. Kutup ve sifirlarin ¢akisik olmasi sebebi ile denklem 9 ve 10 da yazilir.

le

1
T 2mRsC,
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1

fzz = 27TR, Cs 6
1

for = 27TR3Cy 7
1

foz = 27R4C; 8

fo1 = [z 9

fpl = fpz 10

Kutup ve sifirlarin orta noktasi kesim frekansi oldugu igin bu nokta hata yiikselteci devresinin kazancini
verir. Kazang devre elemanlar: cinsinden denklem 11 ile bulunur. Kazanct bulmanin diger esitligini
denklem 12 saglar.

_R3 |G
Gyﬁkselteg(wk) T RAG 11

1
Gyiikseltee (i) = — 12

GsistemGpwm
Burada Ggjsgem acik gevrim doniistiiriiciiniin kesim frekansindaki kazancidir. Gy, degeri ise darbe
genisligi tireteci devresinde kullanilan testere disi dalganin tepe geriliminin ¢arpma islemine gore tersidir.

K degeri devre elemanlart hesaplamak igin kullanilan sabit bir katsayidir. K degerini belirleyen kritik
parametre hata yiikseltecinin saglayacagi faz katkisidir. Faz katkis1 agik ¢evrim doniistiiriiciiniin kesim
frekansindaki faz gecikmesine ve belirlenen faz payma baghdir. K degerini elde etmek i¢in hesaplanmasi
gereken faz katkist (@ gester) denklem 13 ile bulunurken K degeri denklem 14 ile bulunur [23].

Daestek = Q)fp —90° — Q)d('inii$tiir1‘icii 13

Denklem 13°deki @, degeri kapal ¢evrim doniistiiriicii i¢in belirlenen faz pay1, @gsnistirica agik gevrim
dontstiirtictiniin kesim frekansindaki faz gecikme degeridir.

K= tan(% + —ode:tek ) 14

Kesim frekans ile sifir ve kutuplarin frekanslarinin arasindaki iliskiyi K degeri belirler. Yani sifirlar
kesim frekansinin K degeri ile boliinmesi ile kutuplar kesim frekansmin K degeri ile garpilmasi ile
bulunur. Ciinkii kesim frekans1 kutup ve sifirlarin geometrik ortalamasidir. Sifir ve kutup noktalari ile K
degeri arasindaki iligki sirasiyla denklem 15, 16 ve 17 ile bulunur.

1 1 w
Wz12 =5 —— = = —*% 15
RsC;  RiC3; K
1 1
w 12 — -~ — = (UkK 16
p R3Cy RyCs3
Wp12 C R
piz _ 2 _ 1 _ g2 17
Wz12 C1 Ry

Tip-3 kompansatoriin devre semasindaki R; degeri doniistiiriiciiden ne kadar akim gekilecegine baglidir.
Eger doniistiriicti diisiik gii¢, yiiksek gerilim tiretiyorsa R, degerinin biiyiik olmasi (R;>10kQ) gerekir.
Déoniistiiriicti yliksek gii¢, diislik gerilim liretiyorsa daha diisiik bir deger segilebilir. R, degeri hedeflenen
cikis gerilimini referans gerilimi seviyesine 6l¢eklendirmek i¢in kullanilir. R, hesabi i¢in denklem 18
kullanilir.
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VryefR1
R, = _refT1 18
Vclkls_Vref

R, ve R, belirlendikten sonra denklem 11 ve denklem 17 ile R’ elde etmek i¢in denklem 19 bulunur.

__ GylkseltegR,

R - 19
Denklem 17 kullanilarak R,’1i elde etmek i¢in denklem 20 bulunur.

Ri=13 20
Denklem 16 kullanilarak C; i¢in denklem 21 bulunur.

C1=am;K 21
Denklem 15 kullanilarak C, i¢in denklem 22 bulunur.

C2=w;3 22
Denklem 16 kullanilarak C5 i¢in denklem 23 bulunur.

Cy=— 23

wrR4K
4. BENZETIM CALISMASI SONUCLARI (SIMULATION RESULTS)

Yeni nesil Z-kaynak da-da doniistiiriictiniin giris gerilimi 20V olarak belirlenmis, kazanci 13.5 kat olarak
hesaplanmig ve 270V ¢ikis gerilimi tireten 130W giiciinde bir devre tasarimi yapilmistir [9]. Tablo 1’de
verilen parametreler ile da-da doniistiiriiciiniin agik ¢evrim devresi kurulmustur.

Tablo 1. DA-DA doniistiiriicii devre elemanlarinin degerleri

Parametre Deger
Lin 24uH
L, 16pH
G 680uF
&) 680pF
Cs 47uF
Cy 47uF
Co 47uF
n 4.6

k 0.9

d %30
fanantariama | 40KHZ
Ryiike 560Q

Sekil 5’de Tablo 1’deki degerler ile olusturulan agik ¢evrim da-da doniistiiriictiniin PLECS programi ile
elde edilen bode diyagrami verilmistir. Kesim frekansi 3 kHz segilmistir. 3 kHz kesim frekansinda
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donistiiriiciiniin kazanc1 17.4 dB ve faz gecikmesi -194.3° olmustur. Bu dogrultuda hata yiikselteci
devresinden alimmas1 gereken faz katkist denklem 13 kullanilarak 164.3° bulunur. Faz pay1 60° olarak
secilmistir. Referans gerilimi 5V, testere disi dalga tepe gerilimi 15V olarak belirlenmistir. R; degeri
53kQ olarak se¢ilmistir. B6liim 3’de tip-3 kompansator i¢in verilen denklem akisi kullanilarak Tablo 2°de
verilen hata yiikselteci devresinin devre elemanlari hesaplanmustir.

100 Magnitude

80— b R
L e R T &
20 e

0 ! ! ! B
=20 i i i i \\\.
-40 |

Magnitude / dB

0 Tm T
-100 : |

-200- I i - - -If— f.—ﬁ,‘_,_\.‘ |

Phase / ©

-300 i i i 1 |

-400 - !
1 10 100 1000 10000

Frequency / Hz

Sekil 5. Acik cevrim da-da doniistiiriicii bode diyagrami

Tablo 2. Hata yiikselteci devre elemanlar

Parametre Deger
R, 53kQ
R, 1kQ
R, 7.36kQ
R, 250Q
Cy 500pF
C, 100nF
Cs 15nF

Denklem 2 ile tretilen hata yiikselteci devresinin bode diyagrami Sekil 6’da sunulmustur. Kesim
frekansinda maksimum faz katkisini saglamaktadir. Diyagram -90° den basladigi i¢in 3 kHz noktasinda
goriilen 74.3° (74.3°-(-90)=164.3°) degeri dogrudur. Devrenin kesim frekansinda kazanci 17.4 dB (7.41
abs), testere disi dalga tepe gerilimi 15V olunca hata yiikselteci devresinin kesim frekansinda kazanci
denklem 12 ile 2.03 olarak bulunur. Bu deger de saglandigi i¢in olusturulan hata yiikselteci devresinin
dogrulugu teyit edilmistir.
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Genlik (abs)

Faz (deg)

Bode Diyagram

System: H
Frequency (kHz): 3
Magnitude (abs): 2.03

»

System: H

Frequency (kHz): 3 L

T Phase (deg): 74.3 T

,UZ

an?

? 102
Frekans (kHz)

Sekil 6. Hata yiikselteci bode diyagrami
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Kapali c¢evrim denetleyici sisteminin performansini inceleyebilmek icin iki farkli test senaryosu
olusturulmustur. lk olarak sabit yiik altinda (Ryix =560Q) altinda giris gerilimi (V) 18V-22V
araliginda degistirilerek doniistiiriicliniin performansi incelenmistir. Sekil 7 (a)’da giris gerilimi 20V’ dan
22V’a yiikseltilmistir. Sekil 7 (b)’de girig gerilimi 22V’dan 18V’a diisiiriilmiistiir. Sekil 7 (c)’de giris
gerilimi 18V’dan 20V a yiikseltilmistir. Tiim gerilim degisimlerinde asim %1 in altinda kalirken yerlesim
zamani da 20ms altinda kalmaktadir.

275

274

273

272

Cikis gerilimi(V)
N N
~J ~l
o =

N
(=]
(=]

268~

267

266

265

Astm="50.4

200 2.02

206 208 210 212 214 216 218 220 222 224 226 x le-l

Zaman(s)

(@)
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275

274

273 Asim="408
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266
265 ‘ ; |
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275-
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()

Sekil 7. Giris gerilimi degisimi aminda ¢ikis gerilimi tepkileri, (a) Vgiris=20V DV g;s=22V, (b)
Vgiri$:22V 9Vgiri$=18v, (C) Vgiri$=18V 9Vgiri$=20\/

Kapali ¢evrim denetleyici sisteminin performansini inceleyebilmek i¢in ikinci test senaryosunda sabit
giris gerilimi altinda yilik degisimi gerceklestirilmistir. Giris gerilimi 20V ile sabit iken Sekil 8 (a)’da yiik
560€Q (130W)’dan 460Q (158W)’a diisiiriilmiis, Sekil 8 (b)’de yiik 460€2’dan 560€2’a yiikseltilmistir. Her
iki degisim esnasinda da asim %1 in altinda kalirken yerlesim zamani da 10ms lizerine ¢gitkmamaktadir.
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Sekil 8. Yiik degisimi esnasinda doniistiiriicii tepkileri, (@) Ry, =560 (130W) 2R3, =460Q (158W), (b)
Ry =460Q (158W) 2R3, =5602 (130W)

Sekil 7 ve Sekil 8’deki sonuglara gore giris geriliminde ve yiikte degisimler meydana gelmesine ragmen
K-fakt6r tasarim yontemi ile olusturulan kapali gevrim dondstiiriicii sistemi sabit ¢ikis gerilimi tiretmeyi
saglamaktadir. Doniistiiriiciiniin kararli durumuna dénmesini gdsteren siire se¢ilen kesim frekansina, asim
miktar1 faz payima baglidir. Déniistiiriiciiniin daha hizli tepki verebilmesi i¢in kesim frekansi arttirilabilir.
3 kHz kesim frekansi igin hata yiikselteci devresinden elde edilmesi gereken faz katkisi 164.3° dir. Kesim
frekans1 4 kHz degerine yiikseltilirse faz katkisinin 175° olmasi gerekir. Hata yiikselteci devresinden
alinabilen maksimum faz katkis1 180° dir. 4 kHz kesim frekansinda 180° sinir degere ¢ok yaklasildigi i¢in
deneysel ¢aligmada hedeflenen faz katkisi (175°) elde edilemeyebilir. Bundan dolay1 belirlenen faz pay1
hedefinin (60°) altinda bir sonug ortaya ¢ikabilir. Faz paymin daha diisiik bir degerde kalmasi asim
miktarini arttirir. Asim miktariin artmasi da salimim miktarimi arttirir. Kesim frekansi sabit tutularak faz
pay1 arttirilirsa asim miktar1 azalir ancak daha az asim igin kapali ¢evrim sistem doniistliriicti tepkisini
yavaglatmak durumunda kalir.
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5. DENEYSEL CALISMA SONUCLARI (EXPERIMENTAL RESULTS)

Benzetim calismasinda olusturulan kapali ¢evrim doniistiiriiciniin  Sekil 9’da verilen diizenegi ile
deneysel calismasi yapilmistir. Benzetim calismasi ile elde edilen devre elemanlari ayni degerde
kullanilmistir. Bu elemanlara ek olarak hata yiikseltecinde LF347N par¢a numarali opamp kullanilmistir.
Karsilagtirict devrede LM393P par¢ca numarali karsilagtirici entegre ve testere disi dalga {iretimi igin
NESS55 parga numarali zamanlayici entegresi kullanilmistir. Primer ile sekonder arasindaki izolasyonu
saglamak i¢in TLP250 parca numarali izolatdr ve anahtari siirmek i¢in IR2113 parca numarali kap1 siirme
entegresi kullanilmistir. Doniistlirticiiniin %50 doluluk orani simirindan dolay1 hata yiikselteci devresinin
cikist smirlandirilmistir. Déniistiiriicliye ilk enerji verildiginde kapali ¢evrim sistem kararli duruma
ulasana kadar maksimum %40 doluluk orani iiretebilmektedir. Doniistiiriicii kararli durum c¢alismasinda
268V-271V araliginda cikis gerilimi iiretmektedir. Hedeflenen c¢ikis gerilimi 270V oldugu icin %l
oraninda bir hata pay1 ortaya ¢ikmaktadir.

Sekil 10°da sabit yiik (R, =560€2) altinda giris gerilimi (Vy;5) 18V-22V arahifinda degistirilerek kapali
cevrim doniistiiriiciiniin deneysel performansi incelenmistir. Sekil 10 (a)’da girig gerilimi 20V’dan 22V’a
yiikseltilmistir. Sekil 10 (b)’de giris gerilimi 22V dan 18V a diisiiriilmiistiir. Sekil 10 (c)’de giris gerilimi
18V’dan 20V a yiikseltilmistir. Tiim gerilim degisimlerinde asim %1 ’in altinda kalirken yerlesim zamani
150ms civarinda olmaktadir.

Sekil 11°de giris gerilimi sabit tutularak (20V) yiik degisimine karsi kapali ¢cevrim sistemin tepkileri
incelenmistir. Sekil 11 (a)’da yiik 560Q (130W)’dan 460Q (158W)’a disiiriilmiistir, Sekil 11 (b)’de yik
460€’dan 560Q’a yiikseltilmistir. Her iki degisim esnasinda da asim %]1.5 civarinda olurken yerlesim
zamani da 200ms civarinda olmustur. Yik direnci diisiiriildiigiinde yerlesim zamaninin daha uzun
olmasinin sebebi dondstiiriicliniin saglamasi gereken giiciin arttirilmasindan kaynaklanmaktadir.
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Sekil 10. Giris gerilimi degisimi aninda ¢ikis gerilimi tepkileri, (a) Vgiyis=20V Vy1s=22V, (b)
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Sekil 11. Yiik degisimi esnasinda doniistiiriicii tepkileri, (@) Ry, =560€Q (130W) Ry, =4602 (158W),
(b) Ryix =460Q (158W) 2R, =560 (130W)
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6. SONUC (CONCLUSION)

Bu ¢alismada agik ¢evrim yeni nesil yiiksek gerilim kazangli ve izoleli Z-kaynak da-da dondistiirticti
topolojisi kapali ¢cevrim bir doniistiiriicii sistemi haline getirilmistir. Kapali ¢gevrim sistemi olusturabilmek
icin analog denetleyici tasarimi gergeklestirilmistir. Bu amag dogrultusunda kullanilan tip-3 kompansator
tasarimi i¢in deneme yanilma yonteminden uzaklasip belirli bir matematiksel model kullanarak tasarim
yapmaya olanak saglayan K-faktor tasarim yontemi kullanilmustir. K-faktor tasarim yonteminin belirli bir
matematiksel denklem akisinin olmasi ve bu akis igerisinde doniistlirliciiniin kiigiik sinyal modelinin
kullanilmas1  yontemin kullanimimi  kolaylagtirmak ile birlikte giivenilirligini  arttirmaktadir.
Hesaplamalarin matematiksel dayanaginin olmasi optimizasyon ihtiyact olmadan hesaplanan
parametreleri kullanmay1 miimkiin hale getirmektedir. Yontemin analog bir ¢6ziim olmasi bundan dolay1
yazilim ihtiyaci bulunmamasi dijital yontemlere gore cok daha az maliyet ile gergeklestirilmesini
saglamaktadir. Calisma kapsaminda K-faktor tasarim yonteminin teorik ¢aligmasi yapilmistir. Teorik
calismadan sonra PLECS de benzetim ¢alismasi yapilmis ve sonuglari incelenmistir. Deneysel ¢alisma da
yapilarak sonuglar1 benzetim galismasi sonuglari ile karsilastirilmistir. Benzetim ¢alismasi ve deneysel
calisma sonuglart K-faktdr tasarim yontemi ile olusturulan denetleyicinin ¢ikis gerilimini kontrol
edebildigini gostermistir. Kapali ¢evrim doniistiiriicii girig geriliminde ve ylikiinde belirli simirlar
icerisinde degisimler gegirmesine ragmen sabit ¢ikis gerilimi iretmeyi bagsarmustir. Sonug olarak K-faktor
tasarim yonteminin tasarim adimlar1 dogru uygulandiginda yeni nesil bir da-da dontstiiriicii igin giivenilir
bir denetleyici yontemi oldugu gosterilmistir.
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During the electro erosion process, which is a thermal chip removal method, heating, melting
and evaporation occur between the electrode material and the workpiece due to sparking and
thermal effects, in this case both the workpiece and the electrode material are worn. In this
study, the kerf angle and the electrode wear rate were analyzed by taking into account the size
changes in the erosion areas of the copper electrode, which were eroded as a result of different
processing parameters.
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Figure A. Kerf Angle Calculation (a) Longitudinal kerf measurement, b) Transverse kerf
measurement)

Purpose: In this study, electrode wear caused by machining from cold work tool steel with heat
treated 60-62 HRC hardness was investigated by using electro erosion method and Cupro MAX
CuCrZr electrode.In addition, it is aimed to determine the effects of processing parameters on
the surface roughness of each electrode and electrode wear rates by going beyond the usual
measurements.

Theory and Methods: In this study,erosion process was performed using three different current
values (6.25, 12.5, 25 A), three different pulse on times (3, 6, 9 us) and pulse off times (4, 6, 8
us), respectively, and the electrode wear rate of these processing parameters, the effects on kerf
angle and surface roughness were analyzed by macro and analytical measurements.Surface
roughness, kerf measurements and macro images of the electrodes were analyzed using
Mitutoyo SJ200surface roughness tester, 0.001 mm precision mitutoyo micrometer and Nikon
SMZ 745T microscope, respectively.

Results The results have shown that with increasing current, machining time decreased due to
increased sparking between workpiece and electrode, but the average surface roughness, kerf
angle and wear rate of the electrode increased.Theanalytical measurements and experimental
results are presented and compared in Section 3.

Conclusion: According to the analytical calculations and macro analysis results obtained as a
result of experimental studies, it has been determined that as the pulse on time increases, the
electrode wear rate decreases. The reduction in electrode wear resulted from the increase in the
strength of the electrode due to the protective layer formed by the adhesion of the dielectric
fluid and carbon particles released from the workpiece to the electrode surface.

*Corresponding author, e-mail: ferhatceritbinmez@gmail.com

DOI: 10.29109/gujsc.913417


http://dergipark.gov.tr/gujsc
https://orcid.org/0000%20-0002-5615-3124
https://orcid.org/0000-0002-7997-9631

336

Ferhat CERITBINMEZ, Erdogan KANCAI GU J Sci, Part C, 9(2):335-346 (2021)

GU J Sci, Part C, 9(2): 335-346 (2021)

FEN BiLIMUERI ENSTITOSE)
T

Gazi Universitesi &
Fen Bilimleri Dergisi ﬁl::‘:; ;:5::;’:“'“'::
PART C: TASARIM VE TEKNOLOJI nnns%m'rg

http://dergipark.gov.tr/gujsc

The Effects of Cutting Parameters on the Kerf and Surface Roughness on the
Electrode in Electro Erosion Process

Ferhat CERITBINMEZ*"

Erdogan KANCA?

'Haier Europe, Candy - Hoover Group, Arastirma ve Gelistirme Merkezi, 26010, Odunpazari/ESKISEHIR

2fskenderun TeknikUniversitesi, Makine Miihendisligi Boliimii, 31200, Iskenderun/HATAY

Makale Bilgisi

Abstract

Arastirma makalesi

Bagvuru: 11/04/2021
Diizeltme: 27/05/2021
Kabul:  27/05/2021

Keywords

EDM
Cupromax CuCrZr
Kerf
Surface Roughness

Anahtar Kelimeler

EEI
Cupromax CuCrZr
Kerf
Yiizey piiriizliiliigii

In this study, electrode wear caused by machining from cold work tool steel with heat treated
60-62 HRC hardness was investigated by using electro erosion method and Cupro MAX
CuCrZr electrode. The workpiece and electrode material are eroded by melting and evaporation
as a result of the electrical arc (sparking) that occurs between the electrode and the workpiece in
the dielectric environment. These erosions can be interpreted by changes in electrode form
measurements and surface roughness. In this context, erosion process was performed using
three different current values (6.25, 12.5, 25 A), three different pulse on times (3, 6, 9 us) and
pulse off times (4, 6, 8 pus), respectively, and the electrode wear rate of these processing
parameters, the effects on kerf angle and surface roughness were analyzed by macro and
analytical measurements. As a result of the analysis, with increasing current, machining time
decreased due to increased sparking between workpiece and electrode, but the average surface
roughness, kerf angle and wear rate of the electrode increased. It has been determined that as the
pulse on time increases, the electrode wear rate decreases. The reduction in electrode wear
resulted from the increase in the strength of the electrode due to the protective layer formed by
the adhesion of the dielectric fluid and carbon particles released from the workpiece to the
electrode surface.

Elektro Erozyon Isleminde Kesme Parametrelerinin Elektrot
Uzerindeki Kerf ve Yiizey Piiriizliiliigiine Etkileri

Oz

Bu calismada elektro erozyon yontemi ve Cupro MAX CuCrZr elektrot kullanilarak, 1s1l islem
gormiis 60-62 HRC sertlige sahip soguk is takim celiginden talas kaldirma neticesinde meydana
gelen elektrot aginmasi incelenmistir. Dielektrik ortamda elektrot ve is pargasi arasinda
meydana gelen elektriksel ark (kivilcimlanma) neticesinde ergime ve buharlasma yoluyla is
parcast ve elektrot malzeme asinir. Bu asmmalar elektrot form olgiileri ve yiizey
piriizliiliigindeki degisimlerle yorumlanabilir. Bu kapsamda sirasiyla {i¢c farkli akim degeri
(6.25, 12.5, 25 A), ¢ farkli ark siiresi (3, 6 , 9 ps) ve bekleme siireleri (4, 6, 8 ps) kullanilarak
erozyon islemi gerceklestirilmis ve bu isleme parametrelerinin elektrot asinma hizi, kerf agis1 ve
ylizey piiriizliiligiine etkileri makro ve analitik dl¢limlerle analiz edilmistir. Yapilan analizler
neticesinde, akiminin artmasiyla, is parcasi ve elektrot arasinda artan kivilcimlanmaya bagl
olarak isleme siiresi azalmistir fakat elektrodun ortalama ylizey piiriizliliigl, kerf agis1 ve
asinma hizi artmistir. Ark siiresi arttikga elektrot aginma hizinin azaldigi tespit edilmistir.
Elektrot aginmasindaki azalma, dielektrik sivi ve is par¢asindan salinan karbon partikiillerinin
elektrot ylizeyine yapisarak olusan koruyucu tabaka nedeniyle elektrotun mukavemetinin
artmasindan kaynaklanmistir.
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1. GIRiS INTRODUCTION)

Elektro erozyonla isleme (EEI), dielektrik siv1 altinda elektrot (katot) ve is pargasi (anot) arasinda hizla
tekrar eden elektriksel desarjlar neticesinde is parcasinin ergimesi ve buharlagmasiyla talas kaldirma
prensibine dayanan geleneksel olmayan bir imalat yontemidir [1-3]. Bu yontemin en biiyiik avantaji
sertligi yiiksek iletken malzemelerden termal yontemle talag kaldirilmasidir, bu 6zelliginden dolay1 basta
kalip¢ilik olmak iizere havacilik ve endiistriyel uygulamalarda yaygin olarak kullanilmaktadir [4,5].
EEI’de elektrot asinmasi, kerf agis1 ve yiizey piiriizliiliigii baslica kalite gdsterge parametreleridir [6,7].
Dogru segilen EEI parametreleri ve dayamkli elektrot kullanimi islem kalitesini biiyiik 6lgiide etkiler.
Elektrot asinmasinin malzeme kaybina sebep olmasinin yani sira iglenecek olan pargaya aktarilacak olan
seklin ve formun da istenilenin disina ¢ikmasi anlamina gelir [8]. Mouralova ve digerleri, EEI
yonteminde bakir ve grafit elektrotlar kullanarak 1.2363 ve 1.2343 ESR celiklerinden farkli isleme
parametreleri ile talas kaldirilarak elektrotlarin kose ve kenar aginmalarini elektron mikroskobu altinda
incelemislerdir. Ayrica, kullanilan elektrotlarin asinma hizini, islenmis numunelerin topografyasini ve
ylizey morfolojisini aragtirmiglardir. Grafit elektrot kullaniminda daha az aginma oldugunu, elektrot
formunun korunmasina bagli olarak daha hassas sekil ve dl¢ii elde edildigini bildirmiglerdir [8]. Pavan ve
digerleri, inconel 600 alasiminin EEi’de piring, bakir ve tungsten bakir elektrotlar kullanilarak
islenebilirligini arastirarak; ark siiresi, bekleme siiresi, akim, elektort ve i parcasi arasindaki bosluk gibi
isleme parametrelerinin talas kaldirma oran1 (TKO) ve elektrot asinma oran1 (EAQO) iizerindeki etkilerini
Taguchi Analizi ile incelemistir. Sonug olarak, tungsten bakir elektrotlar kullanilarak en yiiksek talag
kaldirma oran1 (0.01579 cm®dak) ve en diisiik elektrot asinmas1 (0.00045 cm®dak) elde edilmistir [9].
Dhanabalan ve digerleri, Ti Gr 2/3.7035 titanyum alasimii EEI yéntemiyle bakir, piring ve aliiminyum
elektrot kullanarak degisken akim, ark ve bekleme siiresi degerlerini kullanarak islemis; degisen isleme
parametrelerinin elektrot asinma orani, talag kaldirma oran1 ve yiizey piiriizliiliigii (YP) {izerine etkilerini
rapor etmislerdir. Yapilan taguchi analizleri neticesinde isleme akiminin artmasiyla EAO, TKO ve
YP’nin artigini rapor etmislerdir. Ayrica en yliksek EAO ve TKO piring elektrot kullamiminda tespit
edilmistir. Elektrot malzemesinin termal iletkenligi ve ergime noktasinin EAO ve TKO’na etki ettigi
bildirilmistir [10]. Nas ve digerleri, EEI yonteminde 100, 200 ve 300 ps vurum siireleri; 10, 20 ve 30 us
bekleme siireleri ve 10, 20 ve 30 A bosalim akimlar1 gibi isleme parametreleriyle bakir ve grafit elektrot
kullanarak AISI 1.2738 malzemesinden talas kaldirmis, elde edilen verileri Taguchi Orthogonal Array
Design L54 istatiksel metodunu kullanarak en diisiik yiizey piriizliligli i¢in ideal parametreleri
belirlemede kullanmiglardir. Yapilan analizler neticesinde yiizey piiriizliiligiine en etkili parametreler
sirastyla akim, vurum siiresi, bekleme siiresi ve elektrot malzeme tiirii olarak belirlenmistir. En diisiik
ortalama yiizey piriizliliik degerleri bakir elektrot kullaniminda Ton 300 ps, Toff 30 ps ve 10 A
parametrelerinin segilmesi neticesinde 4,73 um olarak, grafik elektrot kullaniminda ise Ton 100 ps Toff
10 pus ve 20 A parametreleri secilmesi neticesinde 4,35 pm olarak hesaplanmigtir [11]. Sahu ve
Mahapatra, titanyum alagimi ve AISI 1040 celigini EEI yontemiyle isleyerek; dielektrik s1vi olarak EDM-
30, elektrot malzeme olarak bakir, piring ve AlSi10Mg RP kullanmistir. Akim ve ark siiresi gibi isleme
parametrelerinin islenmis yilizeylerin ortalama yiizey piiriizliliigiine, yiizey catlak yogunluguna, beyaz
tabaka kalinligina ve beyaz tabakanin mikro sertligine etkilerini incelemislerdir. Yiizey catlaklarim
gozlemlemek icin taramali elektron mikroskobunu, optimum parametrelerin analizi igin Grey-TOPSIS
metodunu kullarak; en iyi yiizey 6zelliklerinin AlSil0Mg RP elektrot kullaniminda diisiik akim ve ark
stiresi igleme parametrelerinde elde edildigini rapor etmislerdir [12]. Rizvi ve digerleri, AISI 4340
celiginin EEI yonteminde bakir-tungsten elektrot kullanilarak islenmesinde AISI 4340'nn yiizey
puriizliliigiiniin modellenmesi {izerine galismalar yapmistir. Akim, voltaj, ark siiresi ve darbe bosluk
orani gibi isleme parametrelerinin ylizey piiriizliliigiine etkilerini Anova ile analiz etmislerdir. Yiizey
plirtizliliigl icin en 6nemli faktoriin ark siiresi oldugunu, diger parametrelerin ihmal edilebilir oldugunu,
daha diistik bir ark siiresi degerinin daha diisiik ylizey piiriizliiliigii i¢in uygun oldugunu bildirmislerdir.
Ayrica iyi bir yiizey i¢in diigiik ark siiresi ve akim, orta diizeyde darbe bosluk orani ve daha diisiik voltaj
parametrelerinin kullanilmasin1 &nermislerdir [13]. Joshi ve digerleri, EN8 kalip celiginin EEI
yonteminde bakir elektrot kullanilarak islenmesini ve isleme parametrelerinin islenmis yiizeylerin
piiriizliiliigiine etkilerini incelemislerdir. isleme parametrelerinin yiiksek degerlerinde elektrot agmma
oraninin talag kaldirma orani ile orantili oldugunu vurgulamiglardir [14]. Valentin¢i¢ ve digerleri, mikro
EEI’de elektrodun dogrusal ve hacimsel asinma &lgiimlerini ve belirsizliklerini, makine {izerinde temasl
(touch) ve temassiz (lazer) 6lgiim yontemleriyle belirlemeye galismuslardir. Yeterli biiyiikliikte elektrot
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kullanildiginda ve yeterli sekilde isleme yapildiginda dogrusal asinma OSlglimlerinin touch yontemi
(temasli) ile etkili bir sekilde gergeklestirilebilecegini buna karsilik hacimsel aginmanin lazer yontemi ile
Olciilmesi gerektigini bildirmiglerdir. Daha kiigiik ¢apli elektrot kullaniminda elektrot aginmasini etkili bir
bicimde telafi etmek igin lazer yonteminin kullanilmasini 6nermislerdir. Dogrusal aginma 6l¢limleri igin
Lazer yonteminin yalnizca yaklasik 40 pm altindaki elektrot aginmasim Olgerken kullanildigini, lazer
tezgah {istli 6l¢iim yontemi ile gergeklestirilen dlglimlerin standart belirsizliklerinin Touch on (tamasli)
Olciim yonteminden onemli Ol¢iide daha diisiik oldugunu vurgulamiglardir [15]. Literatiir ¢aligmalari
incelendiginde, EEI yontemi kullanilarak talas kaldirmak igin bakir, grafit, piring, tungsten bakir,
aliminyum, AlSilOMg RP gibi elektrot malzemelerinin kullanildig1 ve bu elektrotlarla farkli isleme
parametreleri kullaniminda i3 parcasinda elde edilen yiizeylerin kalitelerinin analiz edildigi
goriilmektedir. Dalma erozyon olarak ta bilinen EEI’de kullanilan elektrot ve dzellikleri is pargasinin
ylizeyinde elde edilen formda ve yiizey piiriizliiliigiinde etkilidir. Bu ¢alismada farkli isleme parametreleri
neticesinde agmman bakir elektrodun erozyona magruz kalan bolgelerindeki 6l¢ii degisimleri dikkate
almarak kerf agis1 ve elektort aginma hizi analiz edilmistir. Ayrica alisilagelmis Slglimlerin disina
cikilarak, isleme parametrelerinin her bir elektrodun yiizey piriizliiliiklerine etkileri incelenmistir.

2. MALZEME VE YONTEM (MATERIAL AND METHOD)
2.1. Cupro MAX CuCrZr Elektrot (Cupro MAX CuCrZr Electrode Materials)

Bu ¢alismada EEI parametrelerinin elektrot asinmasina etkilerinin tespiti igin saf bakira gére daha yiiksek
sertlige ve elektriksel iletkenlige sahip olan Cupro MAX CuCrZr Bakir Krom Zirkonyum Alagimi tercih
edilmistir. Endiistride basta kaynak elektrot ucu olarak, aliiminyum ve plastik enjeksiyon makinalarinda
plskiirtme memesi olarak, elektro erozyon isleminde elektrot olarak yaygin olarak kullanilmaktadir. Bu
calismada da EEI elektrodu olarak secilerek Saglam Metal firmasindan kare lama seklinde tedarik
edilmistir. S6z konusu bakirin kimyasal, fiziksel ve mekanik 6zellikleri tedarik¢i firmadan temin edilerek
sirasi ile Tablo 1, 2 ve 3’te verilmistir.

Tablo 1. Cupro MAX CuCrZr Kimyasal bileseni

Krom Zirkonyum Diger Bakir
(% Cr) (% Zr) (Maksimum) (% Cu)
1 0.1 0.2 Kalan

Tablo2. Cupro MAX CuCrZr Fiziksel Ozellikleri

Elektrik Isil Genlesme Is1 5
iletkenligi Katsayisi fletkenligi Yogunluk
(%) (10°%/K) (W/mK)  (g/em?)
86 17 320 8.9

Tablo 3. Cupro MAX CuCrZr Mekanik Ozellikleri

Cekme Akma  Elastisite
Dayammmi Dayammmi  Modiilii
(N/mm?) (KN/mm?) (kN/mm?)

120-140 400-500 320-410 122 18 8.9

Sertlik
(HB)

Uzama Yogunluk
(%)  (g/emrd)

Lama seklinde 20 x 20 mm o0lgiilerinde temin edilen Cupro MAX CuCrZr bakir 6ncelikle Proth satih
taglama tezgahinda taslanarak Sekil 1 (a)’da gosterildigi gibi parlatilmistir. Daha sonra Sekil 1 (b)’de
goriildiigli gibi Charmilles Robofil 290P tel erozyon tezgahinda 20 x 20 x 20 mm dlgiilerinde kesilmistir.
Istenilen slot formlarinin elde edilmesinde Makino S33 model bilgisayarli say1sal kontrollii takim tezgahi
kullanilmistir. Is parcasinda 3 mm derinlikte 14 x 8 mm slot formu olusturmak icin bakirlar Sekil 1 (c)’de
gosterildigi gibi 10 mm yiiksekliginde slot seklinde islenmistir.
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Elektrotlarin hazirlanmasi(a) Ham kiitiik, b) Kare bakzrlar, c) Formlu bakirlar)

2.2. Sleipner is Parcasi (Sleipner Workpiece Material)

EEI yontemi ve bakir elektrot kullamilarak talas kaldirma isleminde is pargasi olarak 60-62 HRC sertlige
sahip Uddeholm Sleipner krom - molibden - vanadyum alasimli takim ¢eligi kullanilmigtir. Sleipner
malzemesinin is parcasi olarak secilmesinde EEI yontemine uygunluk, yiiksek sertlik ve asinma
direncinin yani sira endiistride basta kalipgilik sektorii olmak iizere yaygin kullanima sahip olmasi
belirleyici olmustur. Uddeholm Sleipner malzemesi Alseko metal firmasindan tedarik edilerek teknik
ozellikleri Tablo 4 ve 5’te verilmistir.

Tablo 4. Sleipner Kimyasal bileseni

Karbon Silisyum Manganez Krom Molibden Vanadyum Demir
(%C) (%Si)) (%Mn) (%Cr) (% Mo) (% V) (% Fe)

0.9 0.9 0.5 7.8 2.5 0.5 Kalan

Tablo 5. Sleipner Mekanik Ozellikleri

Sertlik .. rermal Ozgiil  Elastisite  Termal 5
(HRC) iletkenlik IsiSigas1  Modiili  Genlesme Yogunluk
(W/me°C) (J/kge°C) (KN/mm?) Kkatsayis1  (g/cm’)

60-62  400-500 460 205 12.7x10° 7.73

2.3. Isleme Metodu (Machining Method)

Elektro erozyon islemi igin 50 Amper giiciinde Furkan Marka EDM (electric discharge machining)
makinasi kullanilmistir. Erozyonla talas kaldirma islemi dielektrik sivi altinda gergeklestirilerek Eralube
marka dielektrik sivi tercih edilmistir (Sekil 2). Her bir operasyon Oncesi is pargast ve elektrot
malzemesinin diizlemsellik ve diklik ayar1 yapilarak deneylere baglanmistir.
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Elektrot
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Dielektrik Sivi

Sekil 2. Elektro Erozyon Islemi (a) islem baslangici, b) dielektrik sivi altinda erozyon)
2.4. Islenen Parc¢alarin Analiz Yéntemleri (Analysis Methods of Processed Parts)

Elektro erozyon sonrasi her bir elektrot yiiksek basingli hava kullamilarak dielektrik sivi ve curuf
kalintilarindan temizlenmistir. Isleme yiizeyleri kir ve yagdan arindirilan elektrotlarin yiizey piiriizliiliigi,
Mitutoyo SJ200 marka tasimabilir yiizey piirtizliliikk test cihazi kullanilarak Sekil 3’te goriildiigi gibi
Olciilerek Ra piiriizliiliik degerleri kayit altina alinmistir.

PR S S E- IS

o
i

Dedektir

]
Operasyon Paneli

5
&

Sekil 3. Yiizey Piiriizliliigii Olciimii

Elektro erozyon iglemi elektrot malzemesinden is parcasina atlayan kivilcimlar neticesinde ergime ve
buharlagsma prensibine dayanan bir talag kaldirma islemidir. Bu sebepten dolayi is pargasi agmirken
elektrotta da asmmmalar meydana gelir. Bu asinmalar elektrot uc kisimlarinda daha fazladir. Bu
sebeplerden dolay1 elektrodun is pargasina yaklastigi ilk oOlgiileri ile islem sonundaki Olgiileri ayni
degildir. Slot seklinde hazirlanan elektrotlarin aginmalarini tespit edebilmek i¢in Sekil 4’te gosterilen
denklemler ve Olglim yontemi kullanilmistir. Elektrodun uc kisimlarindaki is pargasina en yakin
ylizeydeki olgiileri Ly - Wy, ile is parcasiyla en son bulusan diizlemdeki L - W; 6lgiileri elektrot lizerinden
0.001 mm hassasiyete sahip mitutoyo mikrometre kullanilarak oOl¢iilmiistiir. Elektrotun is pargasinda
olusturdugu derinlik degeri (t) is parcasi iizerinden Sekil 5’te gosterilen mitutoyo derinlik kumpasi
kullanilarak olgiilmiistiir. Yapilan tiim 6l¢iimlerde ortalama degerler hesaplanarak ortalama kerf agis1 T,
ve Tw degerlerinin aritmetik ortalamasi olarak rapor edilmistir.
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2.t

L,—L W, — W,
(T;) = Arctan (t—b) (Tw) = Arctan (tz—tb)

a) b)
Sekil 4. Kerf A¢ist Hesabi (8) Uzunlamasina kerf ol¢iimii, b) Enine kerf 6l¢timii)

Sekil 5. Mitutoyo mikrometre ile elektrot l¢iimii

Bu caligmada her bir deneyde kullanilan elektrot malzemesi deney 6ncesinde ve deney sonrasinda HZK-
110FA Serisi 0.0001 gr hassasiyete sahip terazi ile tartilmistir. Ayrica her bir deneyde segilen isleme
parametreleri neticesinde elde edilen isleme siireleri tespit edilmistir. Yapilan isleme ve Ol¢iimler
neticesinde asinan elektrotlarin aginma hizinin hesabinda Denklem 1°de gosterilen esitlik kullanilmistir.
Elektrot asinma hizi (EAH) hesabinda operasyon siiresi, elektrodun yogunlugu, isleme Oncesi ve sonrasi
agirligi kullanilmigtir [16,17].
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EAH =

M)

(elektrotun ilk agirligl)—(elektrotun son agirhgn) (mm3)

(elektrot yogunlugu) x (isleme stiresi) dak

3. SONUC VE TARTISMA (CONCLUSION AND DISCUSSION)

Elektro erozyonla islemede secgilen isleme parametrelerinin, kullanilan elektrot malzemesinin yiizey
puriizliliigiine ve kerf olgiilerine etkileri Tablo 6’de gosterilmistir. Farkli isleme akimi, ark siiresi ve
bekleme siiresinin kullaniminda operasyon stireleri basta olmak iizere degisen ylizey piiriizliliigi, kerf
Olciileri ve elektrot asinma hizlar tespit edilmistir.

Tablo 6. EEI degerleri ve test sonuglart

Deney Isleme Ark - Bekleme is.l.em? I;:&Isellfntl:nc: Yuzey Serf A
No Akimi  Siiresi  Siiresi  Siiresi Mz Piiriizlilliigic. TL ™
(A) (us) (us) (dak) (mm*/dak) (Ra) (derece) (derece)
1 6.25 9 6 157 0.0007 2.734 0.315 0.582
2 6.25 6 4 26 0.0388 1.477 0.161 0.588
3 6.25 3 8 540 0.1733 2.963 0.556 1.334
4 125 9 8 18 0.0561 2.933 0.188 0.527
5 12.5 6 4 10 1.1123 2.604 0.306 0.711
6 125 3 6 72 1.6463 3.463 0.779 0.636
7 25 9 8 7 0.0642 4.504 0.064 0.229
8 25 6 6 12 6.6761 5.330 0.690 1.197
9 25 3 4 9 11.4801 4.458 2.514 1.119

EEI’de kullanilan her bir elektrotun islem gormiis yiizeyleri ayr1 ayri Nikon SMZ 745T mikroskop
kullanilarak incelenerek Sekil 6’da gorsellestirilmistir. Yiizeylerin farkli renklerde ve dokularda olmast,
isleme parametrelerinin degisimi ile i parg¢asinin asindirilmasi esnasinda ortaya ¢ikan curuf ve termal
etkilerin elektrot yiizeylerine etkilerinin sonucu olarak yorumlanmustir.
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Yuzey Puruzlulugu 2. 734 Ra

Yiizey Piiriizliiliigii 1.477 Ra ! Yiizey Puruzlulugu 2.963 Ra

4
NS

1:12.5 A, Ton:9 ps, Toff:8 pus

r LY S T
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Sekil 6. Bakir elektrotlarin optik mikroskop goriintiileri (x5 biiyiitme orani)

I:25 A, Ton:9 ps, Toff:8 pus

1:25 A, Ton:3 ps, Toff:4 ps

Yapilan 6l¢iim ve analiz sonuglarma gore diisiik ark siirelerinde ve artan akim degerlerinde elektriksel
bosalma (kivilcim atlamasi) arttigi igin elektrot aginmasi ve buna bagli olarak kerf agisi artmistir.
Bekleme siiresi, ark siiresi ve isleme akiminin bakir elektrodun ylizey piiriizliiliigiine etki ettigi; isleme
akiminin artmasi ile elektrodun ug¢ kisimlarinda elektrik yogunlugunun artmasina bagl olarak elektrottan
is parcasina dogru yogun elektriksel bosalimin neticesinde noktasal erime ve tahribat arttig1 i¢in elektrot
ylizey piurizliliginiin arttig1 tespit edilmistir. Ortalama kerf agisi, elektrodun pargaya yanasan
yiizeyindeki aginmalardan dolayi ortaya cikar; yani elektrot asinma hizi arttikga kerf agisi artar. Yapilan
analiz ve Ol¢limler neticesinde Sekil 7°de goriildiigi gibi kerf agis1 ve elektrot asinma hizi uyum i¢indedir,
isleme akiminin artmasi elektrot aginma hizini arttirmagtir.,
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Sum of Ortalama Kerf Agisi Sum of Yiizey PUrzICILE

Yiizey Plirlizliligl ve Ortalama Kerf Agisi

6 —
2 18
i 16 5 g
< ! =
= = 1.4 4%
2o 12 3
ful g 1 3R
ES o8 £
== o8 2 B
£ ) >
S 0.4 18
.0 0
Bekleme Siiresi-> 8 4 [ 6 4 8 4 6 8
Ark Siiresi-> 3 6 9 3 6 9 3 6 9
Isleme Akimi -> 6.25 12.5 25
mmm Sum of Ortalama Kerf Agisi 0.945 0.3745 0.4485 0.7075 0.5085 0.3575 1.8165 0.9435 0.1465
~®-Sum of Yizey PurizlilGga 2.963 1.477 2.734 3.463 2.604 2933 4.458 533 4.504
Isleme Akimi() ~ Ark Stres! (Ten)(s)  ~ Bekleme (TaffjStresi(s)  ~
EAH (mm?/dsk)
Elektrot Asinma Hizi (EAH) 1148
11.48
¥ 948
= 7.48
T 7
E sss
3
T 348 16463 1.1123
0.1733 0.0288 0.0007 0.0642
1.48
-0.52
Bekleme Siiresi-> 8 4 6 6 4 8 4 6 8
Ark Siiresi -> 3 6 9 3 6 9 3 6 9
isleme Akimi -> 6.25 12.5 25
—8—Toplam 0.1733 0.0388 0.0007 1.6463 1.1123 0.0561 11.48 6.676 0.0642

Isleme Akimi(A) ¥ Ark Stresl (Ten)s) ~ Bekleme (Toff)Siresifus)  +

Sekil 7. Test sonuglarinin grafiksel gésterimi

Isleme akiminin artmastyla, is parcasi ve elektrot arasinda artan kivileim atlamasina bagh olarak isleme
stiresi azalmigtir fakat elektrot aginma hizi, ortalama kerf agisi ve ylizey piiriizliliigii artmistir. Hadad ve
arkadagslari; kaba, yar1 kaba ve son kesim islemlerinde elektort yiizey piiriizliiliigliniin artmasiyla elektrot
aginmasinin arttigini bildirmislerdir. Ayrica EEI sonras is pargasi yiizey piiriizliiliigiiniin elektrot yiizey
piiriizliiliigiine bagh olarak degistigini bu degisime EEI parametrelerinin de etki ettigini raporlamislardir
[18]. Ark siiresinin diismesi igleme siiresini arttirarak, elektrot malzemesinin birim zamanda daha fazla
caligmasina sebep olmus bunun neticesinde elektrot asinma hizi ve kerf agis1 artmigtir. Ancak ark siiresi
arttik¢a elektrot asinma hizinin azaldig tespit edilmistir.Elektrot aginmasindaki azalma, dielektrik sivi ve
is pargasindan saliman karbon partikiillerinin elektrot ylizeyine yapisarak olusan koruyucu tabaka
nedeniyle elektrodun mukavemetinin artmasma baglanmistir [19]. Literatir ¢aligmalar1 gbéz Oniine
alindiginda EEI parametrelerinin yam sira islem sirasinda kullanilan dielektrik sivi ve basincinin, elektrot
malzemesinin mekanik ve kimyasal 6zelliklerinin de elektrot asinmasina etki ettigi goriilmektedir [9, 16,
20]. Elektro erozyon yontemi termal bir talag kaldirma yontemidir [21]. Bu sebeple erozyon iglemi
esnasinda elektort malzeme ve is pargasi arasinda kivilcimlanma ve termal etkiler nedeni ile 1sinma,
ergime ve buharlasma olur bu durumda hem is parcasi hemde elektrot malzeme asinir. Bu siirecte
elektrodun erime sicaklig1 ne kadar yiiksek ise asinmasi da okadar diisiik olur [22]. Sonug olarak EEi’de
performans ¢iktilar1 olarak en diisiik elektrot aginmasi, en yiiksek talas kaldirma orani ve kabul edilebilir
ylizey plrizliliigi istenilen parametreler olmaktadir [23].

4. GENEL SONUCLAR (GENERAL RESULTS)
Deneysel caligmalar neticesinde elde edilen analitik hesaplamalar ve makro analiz sonuglarina gore;

» Isleme akimmin artmasiyla, is pargasi ve elektrot arasinda artan kivilcim atlamasina bagli olarak isleme
stiresi azalmigtir fakat elektrodun ortalama yiizey piriizlilligi, kerf agist ve asinma hizi artmugtir.

* Bekleme ve ark siiresinin elektrot ylizey puriizliiliigiine etki ettigi fakat bu etkinin isleme akiminin etkisi
kadar olmadigi, degisen yiizey piirlizliiliiglinlin elektrot aginmasina veya agindirilan malzemeden kopan
partikiillerin elektrot yiizeyine yapigmasina gore degiskenlik gosterebilecegi tespit edilmistir.
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» Ark siiresinin diismesi igleme siiresini arttirarak, elektrot malzemesinin birim zamanda daha fazla
caligmasina sebep olmus bunun neticesinde elektrot asinma hiz1 ve kerf agis1 artmistir.

» Ark siiresi arttikca elektrot asinma hizinin azaldigi tespit edilmistir. Elektrot aginmasindaki azalma,
dielektrik siv1 ve is parcasindan salman karbon partikiillerinin elektrot ylizeyine yapisarak olusan
koruyucu tabaka nedeniyle elektrotun mukavemetinin artmasindan kaynaklanmstir.
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Acquiring a reliable student model is the principal task of an Intelligent Tutoring System (ITS).
Research article A precisely defined student model is also the key term for the success of ITSs. In this paper, a
Received:28/04/2021 study on inferring the accurate student model on language learning is offered by utilizing
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Accepted-19/05/2021 artificial intelligence. In addition to the general structure of an ITS, a probabilistic model for

inference using Bayesian Networks is stated in the paper. Bayesian Networks are acyclic
directed graphs in which nodes represent random variables and arcs represent direct

Keywords probabilistic dependences among them. In this study, graphical models and structures are
] implemented in a general-purpose decision modelling system SMILE and its Windows user
Bayesian Networks interface, GeNle, developed at the Decision Systems Laboratory. GeNle user interface is also

Influence Diagrams used in this study to perform Influence diagrams. Influence diagrams represent decision
Intelligent Tutoring

Systems problems and help to choose a decision alternative with the highest expected gain. Toward the

StudentModelling end of the study, an ITS student model which is directly associated with a standard proficiency
level is aimed to be developed. This model is also complemented with a domain model, which
incorporates language components such as grammar, vocabulary, and functions of language in
different cases. At the end of the study, an evaluation of the model is performed with an
experimental study and the results show that the participants worked with offered ITS model
gathered close results when compared to those obtained by the participants who worked with a
real tutor.

1. INTRODUCTION

Intelligent tutoring systems (ITS) can be seen as an important step forward for real adaptive learning
environments. With the help of ITSs, it is aimed to achieve an adaptive, personalized approach to
learning. ITSs are defined as educational systems, which utilize artificial intelligence in computer
software to assist learning process [1]. They are constructed on cognitive psychology as the underlying
theory of learning and deals mainly with problems such as the interpretation and structure of information
within human memory as well as the nature of human error [1].

With the help of computer aided learning systems, it is aimed to provide students with an adaptive
curriculum through programmed instructions. Use of computer systems in education started with a project
called Plato which is developed at University of Illinois in 1950 [2]. In the following years, several
computer-aided systems have been developed and these systems helped students improve their learning
performances. The students gained more control over different learning stages with the help of successful
multimedia technologies [3]. However, early computer aided systems couldnot go beyond providing
standard education environments, although they are generally designed according to the responses
obtained from students. Many computer-aided programs can only provide a usual set of instructions for
different student models without evaluating student performance [4].

*Corresponding author, e-mail: selcuksener@aydin.edu.tr DOI: 10.29109/gujsc.929365
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ITSs can be seen as educational software incorporating components, which usually harness Al. One of the
main purposes of ITSs is to track user competence on a specific subject. Gathering information about
student is a key point to make inferences about student’s ability. This leads to successful and tailor-made
tutoring experiences for ITSs. It can be simply defined that the basic underlying idea of ITSs is to realize
that each student is unique [5]. Specialized instruction tutoring with respect to student’s existing level can
easily accomplish this underlying idea.

In recent years, the use of ITSs on several complex domains has become widespread. ITS applications
can be encountered on a wide variety of subjects and different domains. Algebra Tutor PAT is an
important and a successful example, which aims to provide tutoring for introductory algebra [6]. Another
example, Auto Tutor is developed to assist students in learning computer hardware and operating systems
by simulating the discourse patterns and pedagogical strategies of a human tutor [7]. Cardiac Tutor which,
aims to support advanced cardiac support techniques to medical personnel, is designed to simulate various
cardiac problems and students are required to select appropriate medical responses [8]. Andes is also
another tutoring system, which is designed to assist students about introductory physics course. Andes
tutoring systems help students to solve physics problems by providing pedagogically useful guidance.

One of the common problems of creating successful ITSs is building a structure, which fully corresponds
to the field it is built on. It is generally a hard subject to address various demands of tutoring for different
learning environments. Language learning is one those fields which is full of restrictive and unrestrictive
domain uncertainties for reading, writing, speaking, and listening and those aspects may occur on
different occasions and different context. ITSs that have long been created are generally used for learning
fields with a linear syllabus with concrete learning points and those used for language learning were
mainly used for only one aspect of language learning such as grammar or vocabulary. Another problem
for ITSs for language learning is that they do not refer to a certain language proficiency levels or they do
not clearly address the targeted student specifications as children or adults. This is where the distinctness
of the model created in this paper comes into prominence.

This paper aims to outline the general structure of ITSs in computer assisted language learning. The focus
of the paper is on the development and functions of student model, which is one of the four main
components of conventional intelligent tutoring systems. Student model presented in this study is also
complemented with Bayesian Network that utilizes probabilistic graphical models and Bayesian
inference. Since student modelling includes a certain amount of uncertainty, a Bayesian Network, which
is based on probabilistic theory, is an important option to overcome the uncertainty [9]. Several Bayesian
Student Models have been developed in various educational applications [10]. Bayesian Networks have
also been developed for several uncertain problems including NASA’s space shuttle propulsion systems
and as an Office Assistant in the Microsoft Windows operating system [9].

2. INTELLIGENT TUTORING SYSTEMS FOR LANGUAGE LEARNING

It is obvious that the use of audio-visual devices and especially computers in different phases of education
generally provides substantial results. When compared different fields of education, natural language
learning can be seen as a complicated subject since it both requires knowledge and skill-based approach
[11]. However, learning process of a student can be improved with the help of a computer tutor and the
computer tutor with in ITSs can determine the syllabus, provide guidance, and it allows the student to
experience a learning process in his or her own pace.

Several ITSs for language learning have been developed regarding various languages. These systems
have been constructed utilizing different structures with different pedagogical models. While some of
them providing a learning environment, which is only composed of vocabulary, some others concentrated
on grammar only. Since language learning itself is a complicated subject with various knowledge and
skill bases, tutoring systems developed on behalf of language learning are also complicated in terms of
structure and application.
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Figure 1. General Structure of an ITS.

Although there is no consensus on how an ITS for language learning must be constructed, they are
generally constructed with four basic modules: domain module, student module, tutor module and user
interface module, as seen in Figure 1 [4][12]. The student module is used to create a model, which reflects
the current knowledge state of the student. This module usually makes use of artificial intelligence to get
a precise description of the knowledge state. Domain model, which is also referred to as expert model,
represents the knowledge and rules that student needs to acquire in the field of education. The next
module, tutoring module is responsible to provide guidance and feedback to the student by generating
different types of activities suitable for the field of study. User interface module is the last module, which
interacts with the student using a graphical user interface.

Adaptation and use of computers and other technologies in language learning dates to 1960. Providing
individualized guidance for vocabulary and grammar studies was the main concern of early ITSs for
language learning. Natural language learning is a complicated issue which incorporates the development
of both receptive (listening, reading) and productive (speaking, writing) skills. However, a frequently
noticed issue in ITSs for language learning is over-restricting the learning domain [13]. A general
tendency within ITSs is to reside in a single linguistic skill, instead of dealing with each individual skill
[4][13].

The assessment of certain linguistic skills and functions (e.g., reading, listening and grammar) can be
standardized and individually carried out by intelligent tutors. However, some skills are especially
difficult for the machine to be evaluated by the machine [13]. It is true that computers cannot have the
ability to fully evaluate unrestricted productive skills, namely speaking and writing, but 1TSs may find
various ways to accomplish such ability within a restricted domain. In addition, with recent technological
advancements computers and their peripheral devices are not the same as they are in the past.

3. STUDENT MODELLING FOR AN INTELLIGENT TUTORING SYSTEM

Student modelling for ITSs is generally considered to be atough subject. However, the success of an ITS
is directly related with how student modelling has been developed. A student model in an intelligent tutor
observes student behavior and creates a qualitative representation of her cognitive and affective
knowledge [4]. A successfully gathered student model which directly reflects the current knowledge state
of its user will be a valuable input for other components of the ITS. In this study, a student modelling
component of an ITS for English Language Learning is developed.

One of the issues for language teaching ITSs is the inability of an ITS to provide students with different
levels of language proficiency (e.g., Common European Framework of Reference for Languages (CEFR)
proficiency levels A1-C2) [13]. This inability leads them to be deemphasized and move away from being
a standard education platform in terms of language learning. Keeping this in mind, the student model
developed in this study is intended to classify student’s knowledge state regarding CEFR proficiency
level Al. Domain model of in this study is designed to comply with the standards of CEFR level Al.
Topic, grammar, vocabulary and other materials for English language are selected in accordance with
‘Can Do Descriptors’ defined by CEFR [14].
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The student model handled in this paper does not only observe the student’s English grammar knowledge
level, but also presents a suitable vocabulary checker with respect to Al proficiency. In addition, a
function component which reflects the student’s use of English in different cases (e.g., greetings,
responding to a phone call etc.) is also included.

Student modelling in ITS is an important subject which is generally full of uncertainty [4] [15]. Obtaining
a knowledge state of a student upon a particular topic is not a thing, which can be resolved using a simple
logic. To gather information about a specific topic, sometimes it is necessary to get knowledge levels of
related or prerequisite topics as well. Moreover,it is possible that a student may answer a question
correctly by a mere chance, which may lead to a wrong observation and eventually an erroneous
inference. Bayesian Networks are regarded as a reliable option to overcome this uncertainty and reduce
complexity [15] [16].

3.1. Bayesian Networks In Its

Bayesian networks are graphical models designed to explicitly represent conditional independence among
random variables of interest. Bayesian networks in ITSs make use of this information to decrease the
complexity of probabilistic inference [17]. Language learning is a field full of correlated subject and
unrestricted domain [13]. Although there are some other options to be used in ITSs such as Hidden
Markov, Reinforcement Learning, Bayesian Networks are considered as a reliable solution to solve
uncertainty in ITSs. Intelligent tutors use BBNs to aid classification and forecasting for tutoring, design
student awareness, forecast student behavior, make tutoring decisions, and (combined with student
mastery data) decide which actions students will need assistance and their likely method of solving
problems [4] [9] [18].

_ .90 Answer
Skilla Question;
P(Skilla) P(Answer Question | Skilla)

P(Answer Question: | Skilla) = .90

Figure 2. Graphical Network for a basic propositional belief [4].

In Figure 2, there is a close relationship between SkillA and Answer for Questionl. It can also be inferred
that students with SkillA are likely to have a chance to answer Questionl correctly. In order to model
student knowledge in ITSs, several Bayesian Network models have been developed so far. Pump Algebra
Tutor, which models algebra problem solving, Animal Watch, which provides tutoring for mathematics
skill, and The Cardiac Tutor, which helps student learn an established medical procedure, utilize Bayesian
Networks [4]. According to Mayo and Mitrovic, those Bayesian Networks can be classified under 3 main
categories as expert-centric, data-centric, and efficiency-centric [18].

4. METHOD USED FOR THE ITS MODEL DEVELOPED IN THE STUDY

In this study, expert-centric model is used to define a suitable Bayesian Network to model student
knowledge on English language. Expert-centric methods are utilized in several early tutors [4]. Andes,
which used a basic Bayesian Network to infer a student’s knowledgeis based on performance[19].
Another example, HYDRIVE that is used to give instructions for problem solving and troubleshooting in
flight line mechanics also uses an expert-centric student model [20]. In expert-centric Bayesian Network
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Models, general network structure and the topology are defined by experts and for the student model
presented in this paper, expert teachers of English language defined the structure, node relations and
conditional probabilities.

4.1. Components Of The Model

When creating the structure and the topology of Bayesian model,the focus was on selecting a curriculum
in compliance with CEFR proficiency levels for English language. The curriculum of the study is
designed regarding Al level for English language. Considering most ITSs for language learning lacks this
feature, it was highly important to design the syllabus in accordance with a standard level from CEFR.

In this paper, only a part of the curriculum is presented to give an idea about the general structure of
Student Modelling. In Figure 3, basic structure of this model can be seen in detail. The model shown in
Figure 3 was developed using GeNle Software. GeNle is an interactive model building and exploration
tool. It is used to construct Bayesian Networks, dynamic Bayesian Networks, and influence diagrams.

Model in Figure 3 mainly includes two types of nodes as evidence and decision nodes. It illustrates that,
when necessary evidence obtained, required inferences can be completed for Topic 1. Topic 1 is
complemented with three subtopics, Grammar, Functions and Vocabulary. Between Topic 1 and the
subtopics, arcs can be observed going from subtopics to Topic 1, which indicates that conditional
probabilities are set accordingly.

Topic1

y Personal
Informatlon
Verb To be
TOPIC 1
@ Vocabulary
Nationalities
Countries ¢

@ Giving Personal
Information @

Figure 3. Basic Structure of the Model in this study.

@

Similar to the relation between Topicl and subtopics, it can also be observed that granularity increases by
going down on the topology. As seen in Figure 3, Grammar subtopic has also child nodes defining
specific grammar topics with observable, in other words, evidence nodes under them. Those evidence
nodes are created to get student involved through questions, exercise and gather information for
knowledge state.

For Grammar subtopic, three child nodes can be observed as Articles, Pronouns and Verb to be. Those
grammar subjects are selected in accordance with Al level of English language. For each child node,
there are three observable nodes. Those nodes have two states as correct and wrong. It can also be
observed that there is an arc going from Pronouns to Verb to be which defines that the subject Verb to be



352 Sel¢uk SENER, Ali GUNES | GU J Sci, Part C, 9(2):347-356(2021)

is conditionally dependent on Pronouns, since precise skill on Verb to be can only be possible with a
good command on pronouns. In Figure 4, conditional probability distribution for this subtopic can be
seen.

Articles Known ‘ Not_Known
Pronouns [ Known = Not_Known ‘ Known ‘ Not_Known
Verb To be Known Not_Known Known Not_Known Known Not_Known Known Not_Known
» |Known 0.9 0.66: 0.66 0.33 0.66 0.33: 0.33 0.01.
Not_Known 0.01: 0.34: 0.34 0.67 0.34 0.67: 0.67 0.95

Figure 4. Grammar Subtopic Conditional Probability Table

Other subtopics depicted in Figure 3, Function and Vocabulary nodes are designed, respectively. GeNle
software has two types of views as Icon and Bar Chart. As shown in Figure 3 nodes can be seen in Icon
view and arcs showing the relationship between nodes are clearly depicted. However, in Bar Chart view,
initial states of the nodes and their probabilistic outcome can be observed.

[ G_6
Correct 100% [ |
Wrong 0% =]
= G5 Known 7o% [ ]
Icorrect 100% (| Mot_Known21% .
Wrong 0% 3]
gy ///
[=] G 4 | pftnown eow I //
Comect 0% Not_Known34% =
Wrong 100% £ [} Asticles
Known 99%
Mot_Known 1% gho = 3
I=) Verb To be 4 Correct mn%_
#nown  72% [ Wrong 0% ]
< 58 /'N“t_Kna.m::% . é:zrrect 133;_-1 = G_2
Comect 0% n
Wrong 100% = / Wrong 0% = Correct 100%
= Wrong 0% &
o G_8 o G_7
[Correct 100% Il (Correct 100% Il
Wrong 0% = Wrong 0% =
L] C_J;:I
[Correct 100% Il
Wreng 0% &

Figure 5 Updated Grammar Subtopic

When the model updated by observed evidence coming from lowermost nodes, it becomes possible for
the system to make an inference about the knowledge state of the student. Figure 5 shows the updated
view of the subtopic Grammar and for Grammar subtopic, Pronouns has two correct answers from its
child nodes, ‘Verb to be’ has three out of four and Articles has three out of three. Consequently, with
these results from childnodes, Grammar subtopic has a probability percentage of 79% for ‘Known’ state,
which proves that grammar knowledge is around an acceptable known state for Topic 1.

Influence diagrams (IDs) introduced by [21], are acyclic directed graphs modelling decision problems
under uncertainty. An ID encodes three basic elements of a decision: (1) available decision options, (2)
factors that are relevant to the decision, including how they interact among each other and how the
decisions will impact them, and finally, (3) the decision maker’s preferences over the possible outcomes
of the decision-making process[22].
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Figure 6.Detailed View of Topic 1 and Subtopics.

As seen in Figure 6, a decision node and a value node are used to possess an inference for the knowledge
level of Topic 1. Figure 6 depicts a detailed view of decision node for Topic 1 and three subtopics
respectively with updated states. Grammar is supposed to be known by 79% and Functions with 65%.
However, it is observed that Vocabulary result is ‘Not Known’ by 64%. Accordingly, within the decision
node on top, probability of Topic 1 to be ‘Known’ is 0.645, although one of the subtopics is observed as
‘Not_Known’. However, the decision node states an inference that Vocabulary subtopic must be repeated,
with a high probability of 0.636.

5. APPLICATION OF THE ITS MODEL

In ITSs, student modelling is used to provide the necessary input for adaptive guidance to the system.
Accordingly, the success of student modelling within an ITS directly effects the achievement of the
guidance. With the help of student knowledge state, which is obtained through a Bayesian Network, ITSs
can provide adaptive, individual guidance for the users. To test the accuracy of the student modelling
defined in this study, a tutoring module based on generating learning sequence has been implemented.

5.1. Tutor Module

Tutoring module in ITSs, includes a set of rules and procedures belonging to the subject to be taught.
Those rules are used to define how the system should respond to its user by utilizing the data coming
from the student model [23]. Tutoring module implemented for this study is based on generating learning
sequence and it provides adaptive guidance for three main topics. One of those topics is defined in student
modelling phase of the study. According to the output from student modelling module, tutor module may
provide remedial, move to the next level in the curriculum or force the user to repeat the subject that is
not successfully completed.

5.2. User Interface Module

The user interface module works as a means to interact with the user. The user interface keeps the
interaction between the user and the system, and the success of the system is closely related to this
module no matter how the internal system is intelligent. In order to accompany other modules defined in
this study, a user interface module has been created. This user interface module includes multiple choice
questions, gap filling and vocabulary drag-drop exercises according to the topic. The user interface model
is used to update knowledge state in student modelling module, and it also provides an effective
presentation of the curriculum directed tutor module of the system.
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6. RESULTS AND CONCLUSION

Accuracy and correctness of the student modelling and accordingly the effectiveness of tutoring provided
by the system is obviously important. To evaluate the accuracy of the student-modelling component of
the system that is defined in this study, an experiment with 120 participants carried out. Participant are
divided into three groups. The first group consisting 40 participants used the system with adaptive
tutoring, second group of 40 participants just worked alone without any tutoring over an instruction book
which also includes exercises on the subjects. Final group of 40 participants studied accompanied by a
teacher with instruction books provided. The experiment took 3 days and 90 minutes each day. The
curriculum covered in the experiment covered three main subjects and three secondary subjects, which
are similar to the ones defined in student modelling part of the study. All the participants were high
school students, and they were supposed to have the same English proficiency levels.

At the end of the experiment, participants took a test over three subjects including 75 questions, 25
questions for each subject. The overall result of the test given to the participants can be seen in Table 1.

Table 1. Overall Success Average Values

Overall Success Average Values

Subject 1 Subject 2 Subject 3
Control Group Studied Alone 54% 62% 58%
Control Group Studied with Teacher 73% 80% 76%
Experimental Group Using ITS 68% 79% 2%

It can be observed from Figure 7 that the participants studied over ITS obtained close results for all three
subjects when compared to that of participants studied tutored by a teacher in classroom environment.
The participants who worked alone achieved relatively low results. Figure 8 also depicts that the average
final scores for experimental group studied with the ITS gathered close results to that of control group
studied with a teacher.

100% 100%

80% /6% 73%
80%
60% 48%

10,
80 40%

‘/—‘_\_‘ .

10,
40% —a— Control Group

Studied Alone 0%
20% Cont.rol (?r.oup Control Group Control Group  Experimental
StUdIFjd with Teacher Studied Alone  Studied with Group
Experimental Group Teacher Using ITS
0% Using ITS
Figure 7. Overall Success over 3 Subjects Figure 8. Average Scores

The idea of using computers in education, especially in language learning has much changed since it was
first uttered. With a boost in technology, Intelligent Tutoring Systems utilizing Artificial Intelligence
techniques have also much changed since they were first developed. Although language learning is a
complex field with an unrestricted domain, ITSs can still be developed to replace human tutors, and
provide individualized guidance for the students with their own pace.
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In this paper, it is aimed to define a beneficial student modelling structure for language teaching ITSs. It
is obvious that only with the help of an effective student modelling component, a tailor-made,
individualized tutoring, and guidance can be possible. Since language learning has an unrestricted domain
most of the time, it is important to develop a tutoring structure with respect to a set of standards upon
which the majority agreed such as CEFR proficiency levels. That is why the use of similar standards in
the Bayesian Network Module is emphasized. Another key point for the success of ITSs in language
learning is to create high granularity of the content on both student modelling and tutoring domain as
well. Since student modelling for language tutors is full of uncertainty, it is extremely beneficial to
provide high granularity.

One way of evaluating ITSs to be successful is to compare the results obtained with the learning
outcomes obtained with a human tutor. A major idea behind creating intelligent tutors is to provide
adaptive, individual learning environment and the main concern is that whether replacing human tutors is
possible or beneficial as well. The experiment implemented in this study proves that when an accurate
student modelling is established with effective tutoring model, it is possible to obtain remarkable results.
However, the difficulty and complexity of creating such systems should not be underestimated and
required steps to establish such systems should be taken accordingly.

As a future work, equipping an ITS with appropriate student modelling and tutoring structures that can
respond to both restrictive and unrestrictive domain of language learning will be the focus. Also
developing an ITS for language learning which completely fulfil the tutoring needs of both productive
and receptive skills will be another subject to be focused on.
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Heat is a type of energy that is used in many applications and can be easily converted into other
Research article types of energy. In this study, a performance analysis was carried out by using Fe + Pure water
Received:05/05/2021 nanofluid in place of pure water in a two phase closed thermosyphon, which has a wide place in
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Accepted- 20/05/2021 practice due to its simple structure. In the study, a copper thermosyphon with a length of 1 m,

diameter of 14 mm and wall thickness of 1 mm was used. Experiments were performed with
both pure water and nanofluid to make a comparison. To observe the performance of system in

Keywords different operating conditions, the experiments were carried out at 3 different heating power

. (150, 300, 450 W) and 3 different coolant flow rates (3, 6, 9 g/s). In all experimental conditions,
H:ﬁg?{)uei g Fe + Pure water nanofluid had better results than pure water. The highest efficiency value was
Thermal Performance found to be 77.9% in the experiment using Fe + Pure water nanofluid, performed at 150 W
Waste Heat power and 9 g/s water flow rate. When pure water was used in this experiment, the efficiency

value was obtained as 67.7% and the improvement rate was 15%. The highest improvement rate
was obtained as 50.3% in the experiment conducted at 450 W heating power and 3 g/s coolant
flow rate. The use of nanofluid has also reduced the thermal resistance of the thermosyphon.
The highest rate of decrease in thermal resistances was obtained as 56.7% in the experiment
performed at 150 W heating power and 3 g/s coolant flow rate.

1. INTRODUCTION

Heat energy which is one of the most common types of energy, can be easily converted into other forms
of energy thanks to energy conversion methods. Heat energy is primarily produced from fossil fuels
which meet 80% of the primary energy demand in the world [1]. However, heat is a type of energy that is
easily lost and a considerable amount of waste heat is generated in thermal processes.

It is estimated that 63% of the primary energy consumption on a global basis is realized during the
combustion and heat transfer processes. This consumption is generally defined as waste heat and needs to
be recovered [2]. Considering that in addition to the carbon emission made to the environment during the
production of heat, the vast majority of the waste heat generated during its use is also released to the
environment, it can be seen how much the damage to the environment is. States set some policies and
goals to deal with these harms. For example, 20% energy efficiency, 20% greenhouse gas emission
reduction and 20% renewable energy targets for 2020, which were determined by the European Union as
20-20-20 for the previous years, have been updated for the year 2030 as 32.5%, 40% and 32%
respectively [3].

Here, one of the applications that can be done in terms of ensuring energy efficiency and that can get
results in the short term is waste heat recovery. Significant energy savings can be achieved by installing
simple and low-cost heat exchangers. One of these heat exchangers is the heat pipes, which are very
attractive in terms of their simple structure and application flexibility. Heat pipes are simple heat
exchangers that provide mass and heat transfer with the phase change of the working fluid inside and
consist of three parts: evaporator, adiabatic zone and condenser.
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There are several kinds of heat pipes which are used in different researches and applications. In
thermosyphons, the fluid evaporates by gaining energy in the evaporator side. The fluid condenses by
losing heat in the condenser side and turns to the evaporator section by means of gravity. Whereas there
are wicks in conventional heat pipes, there is no wick in thermosyphons. In addition to conventional heat
transfer fluids in heat pipes, various nanofluids are also frequently used to improve thermal performance.

Some of the recent studies on this topic are given in Table 1.

Table 1: Some studies about heat pipe application in literature

Heat Pipe Nano Base
Author | Year Type Particle | Eluid Results
Ahmet The use of nanofluids has improved the heat
Ozsoy and Pure transfer  characteristics of the heat pipe.
Vahit 2018 | Thermosyphon Ag Water Researchers have achieved improvements ranging
Corumlu from 20.7% to 40% when compared with pure
[4] water.
Experimental studies have shown that nanofluid
_ Vacuum Tube usage ?mprove the th_ermal p_erformance_ _and
Metin Kaya 2019 | Heat Pipe Air cuo | Methanol nanoflmds can be used in heat pipes. In agidltlon,
etal. [5] it has been observed that CuO nanofluid is more
Collector R L
effective in this system when there is high solar
radiation.
The use of nanofluids in place of water has
Erdem Two Phase Pure ir_nproved the thermal perf_ormance of tl_we heat
Ciftci [6] 2020 Closed AIN Water | PIPe: A decrease of 10.9% in thermal resistances
Thermosyphon and an increase of 45.6% in efficiency were
achieved.
In the study, a unique model has been developed
to observe the effect of nanoparticles on the
Wei-Wei Two Phase Cu thermal _perfo_rmance of the system. In the analysis
W Closed ’ Pure | made with this model, the experimental data were
angetal. | 2020 | o, hon | 76203 | wat hed with deviations not greater than 10%
7] ermosyphon |\, 4a ater | approached with deviations not greater than 10%.
Solar Collector According to the results, 41%, 32% and 29%
improvement was achieved by using nanofluids in
place of pure water.
Usage of nanofluid has been analyzed how it
affected the thermal resistance of heat
Ebrahim L-Shaped Pure pipe.Experiments were conducted with two
Khajehpour | 2020 Thermosyphon Si02 Water different particle sizes and two different particle
etal. [8] concentrations. With the use of nanofluid, heat
pipe thermal resistance has been reduced by a
maximum of 24%.
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Table 1 (Continuous): Some studies about heat pipe application in literature

In this experimental study, different
Two Phase concentrations of nanofluids were used. In
Anderson o . .
Closed Pure addition, experiments were carried out at
Gallego et | 2020 Al203 - - . )
Thermosyp Water | different filling ratios and power inputs. A
al. [9] . - - -
hon maximum increase of 14.8% in efficiency was
achieved.
Hybrid nanofluid was prepared with two
different base fluids by using 50:50 ratio of
Pure nanoparticles. It has been observed that
Vidhya et . Water, | nanoparticles improve the thermophysical
al. [10] 2020 | Heat Pipe Zn0O,Mg0 Ethylene | properties of base fluids. Compared to base
Glycol | fluids, thermal resistances have been reduced
up to 4.07% and efficiency has been increased
up to 28.9%.
Experiments were carried out with nanofluid
and pure water. Nanoparticle concentration
Arun Two Phase 0 . ;
Kurien Closed Pure was 1% and power inputs varled. between 40
- 2020 Al203 and 200 W. In addition, experiments were
Reji et al. Thermosyp Water . .
performed for different angles. According to
[11] hon - ; .
the results, a maximum improvement in
efficiency was achieved as 41%.
In this study, it has been investigated how the
Two Phase thermal performance of two phase clo_sed
Alagappan. thermosyphon is affected by nanofluids.
Closed Ce02, Pure .
N et al. 2020 Thermos Fe304 Water Improvements in thermal performance have
[12] hon yP been achieved with the usage of nanofluids.
When using Fe304nanofluid, the average heat
transfer increased by 44.3%.
Air-to-Air . . .
In this experimental study, experiments were
Heat . . ", .
made at different air velocities and heating
Exchanger . . - .
Adnan . Graphene powers in a heat pipe air-to-air heat
N with Two Pure . L
Sozen et 2021 Nano exchanger. The peak improvement ratio in
Phase Water - L -
al. [13] Platelet efficiency was 87.7%. In addition, maximum
Closed ; .
decrement in thermal resistance was 52.3%
Thermosyp h ith
hon when compared with pure water.

2. MATERIAL AND METHOD

2.1. Nano Particle Properties and Nanofluid Preparation Process

The nanoparticles were purchased from the supplier company (Nanografi Nano Teknoloji A.S.) in powder
form. The purity of Fe (iron) nanoparticles is 99.55%, and the average particle size is 30-40 nm. Density,
thermal conductivity and specific heat of Fe nano particle are 7800 kg/m3, 76.2 W/mK and 440 J/kgK
respectively [14].

Iron nanoparticles have a high thermal conductivity value. In this way, it is promising in increasing
efficiency in heat transfer applications. SEM image and particle size distribution graph of iron
nanoparticles are given in figure 1 and figure 2, respectively. When looking at the SEM image in Figure
1, it can be easily seen that the average size of the nanoparticles is less than 50 nm. It can also be
understood from this SEM image that the majority of the particles are circular in shape.
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Figure 1: SEM image of the iron (Fe) nanoparticle [14]

In the graph in Figure 2, the blue line represents the % fineness values on the left side and the red line
represents the differential distribution values on the right side. Since the shapes of the nanoparticles are
not completely round, the particle distributions are presented by creating different criteria. Here, the
fineness value indicates how many percent of the particles are smaller than the specified size. For
example, when moving from the 20% value in the left column to the right linearly up to the blue line, the
particle size of approximately 27 nm is read from the horizontal column. This means that 20% of the
particles are smaller than 27 nm. For the same situation, it can be interpreted that 80% of the particles are
larger than 27 nm. The top of the red line represents the average particle size. In other words, it can be
deduced from this scatter graph that the particles have an average size of 35 nm.
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Figure 2: Particle size distribution graph of the Fe (Iron) nanoparticle [14]

There are two methods used to prepare nanofluids in the literature. First one is the one-step method in
which the nanoparticle and the nanofluid are produced at the same time. The second method is two-step
method in which the nanoparticle and nanofluid are produced in separate processes. The nanofluids used
in the experiments were prepared using the two-step method. In this method, nanoparticles must have
been produced beforehand. Then, the nanofluid is prepared by mixing the nanoparticles with a base fluid
[15]. The nanofluid was prepared by suspending the Fe nanoparticles in pure water. The nanoparticle
concentration was adjusted to be 1.5% by weight. Increasing the nanoparticle concentration increases the
thermal performance of the fluid. However, high particle concentration causes some problems, especially
the problem of sedimentation [16].

Adding surfactant to the mixture eliminates the problem of agglomeration and sedimentation [17]. For
this purpose, Triton X-100 with the formula of C14H220(C2H40)n was put to the Fe + pure water
mixture at the rate of 0.2% by weight. The mixture was subjected to ultrasonic vibration for 5 hours as a
final treatment. The aim here is to distribute the nanoparticles homogeneously in the main fluid. Summary
of nanofluid preparation process is shown in fig 3. The pictures of nano particles and nanofluid are shown

in fig.4.
% Surfactant

Nzno Particle

.
-
Nane Fluid

Figure 3: Nanofluid preparation process [18]
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Figure 4: Nanofluid and nano particle

2.2. Experimental Setup

The test rig consists of a closed tube without wick. It is made of copper. Its wall thickness, diameter and
length are 1 mm, 13 mm and 1000 mm respectively. 400 mm of the 1000 mm length is designed as the
evaporator, 400 mm as the condenser and the remaining 200 mm as adiabatic section. There are 10
thermocouples in total (4 in the evaporator part, 4 in the condenser part and 2 in the coolant outlet and
inlet). General view and schematic drawing of the test rig is given in Figure 5.

Cooling Water
B Outlet

Condencer Section

Cooling Water
Inlet
—_—

Adiabatic

Section

Hezting
Resistance (

Evaporator Section

Figure 5: General view and schematic drawing of the test rig

The evaporator section is heated by a resistance whose power can be adjusted with a wattmeter. The
working fluid evaporates in evaporator side. There isn’t any heat transfer in adiabatic zone. Condenser
side of the heat pipe is cooled down by water and the fluid condensates here. Condensing fluid goes back
to evaporator section by gravity affect. This cycle goes on so long as the evaporator is heated and the
condenser is cooled. Since thermosyphons work with the effect of gravity, they work more efficiently in
upright or near vertical positions. Before starting the experiments, the interior of the heat pipe was
vacuumed and all the air inside was evacuated and a negative pressure was created. Thanks to the
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negative pressure inside the pipe, the working fluid boils at a temperature lower than its boiling point at
atmospheric pressure. Hence, the heat pipe will operate at lower temperatures. After vacuuming, 44 ml of
fluid was charged to the heat pipe. This number corresponds to 33 % of the heat pipe. In an attempt to
utilize the performance of the system under different operating conditions, experiments were repeated at
three heating power and three coolant flow rates. Each experimental condition was made in triplicate and
the average of the obtained values was used in the analysis of the system.

2.3. Calculations

Thermal performance of the pipe is evaluated by using efficiency, thermal resistance and heat pipe
temperature distribution. These values were figured out for both pure water and Fe / water nanofluid, and
the results were presented in graphs. The efficiency of the heat pipe is figured out with Eq 1. Here, Q" k
is the energy transferred to the coolant circulated in the condenser side of the heat pipe and is calculated
with the help of equation 2. Q __e is the power consumed by the resistance in the evaporator side of the
heat pipe (150 W, 300 W, 450 W).

Ok
= K 1

n Qe
Qx = mwatercp,water (Toutiet — Tintet) 2

The expressions m”su ,c_(p,su) and T in Equation 2 show the mass flow rate, specific heat and
temperatures of the coolant, respectively.

The thermal resistance of the heat pipe is figured out with Eq 3. Here AT is the average temperature
difference between the evaporator and condenser parts of the heat pipe, and is found by Eq 4.

A
rR=2 3
Qe
AT — (T1+T2+T3+T4,) _ (T1+T2+T3+T4,) 4
4 e 4 k

The temperature expressions in Eq 4 show the temperature values read from each thermocouple.
The improvement rate obtained by using nanofluid was found with the help of Eq 5.

IR = Mhanoftuid~ Tpure water * 100 5

npure water

3. RESULTS AND DISCUSSION

One of the most significant performance indicators of a heat pipe is thermal efficiency. To observe how
the use of nanofluid in place of pure water affects the thermal efficiency of the heat pipe, the experiments
were performed first by using pure water and then using Fe + Pure water nanofluid under the same
conditions. The efficiency values calculated for both working fluids are given graphically in Figure 6.
When the graphs are examined, it is seen that the efficiency values are higher when Fe + pure water
nanofluid was used in place of pure water. According to these graphs, increasing of coolant flow rate has
also increased thermal efficiency. When the powers were 150 W and 300 W, the maximum improvement
rates were achieved for 6 g/s water mass flow rate. When the heating power was 450 W, the maximum
improvement rate was achieved for 3 g/s coolant flow rate. The increasing of heating power caused a
slight decrease in thermal efficiency. According to the graph, the highest efficiency was reached as 77.9%
in the experiment where Fe + Water nanofluid was used, the heating power was 150 W and the coolant
flow rate was 9 g/s. Highest improvement rate was obtained as 50.3% at 450 W heating power and 3 g/s
water flow rate. However, the efficiency values obtained in this test were the lowest efficiency values for
both fluids.
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Figure 6: Efficiency of the heat pipe and improvement rates in efficiency
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One of the performance indicators is thermal resistances. The smaller thermal resistance, the higher
energy transfer. It is aimed to reduce the resistance by using Fe + Pure water nanofluid. As can be seen
from the graphs in Figure 7, by using Fe + Pure water nanofluid in place of water, a significant reduction
in thermal resistances has been achieved. When the graphs are analyzed, it is seen that increasing of the
heating power for both fluids provides some reduction in thermal resistances. The lowest resistance value
has been reached as 0.0794 K/W in the experiment using Fe + pure water nanofluid at 450 W heating
power and 6 g/s coolant flow rate. The highest reduction rate in thermal resistances was obtained as
56.7% at minimum conditions, i.e. 150 W heating power and 3 g / s coolant flow rate. When the working
fluids are examined separately, it is seen that the change of the coolant flow rate for each power value
does not cause an excessive change in the thermal resistances. For example, in the experiment using Fe +
pure water nanofluid with 150 W heating power, the thermal resistances obtained at 3 g/s, 6 g/s and 9 g/s
coolant flow rates are 0.1258 K/W, 0.1367 K/W and 0.1450 K/W, respectively. Under this condition, the
decrease rates in thermal resistances were again 56.7%, 55.7% and 54.2%, respectively.

Figures 8, 9 and 10 show the temperature distributions of the heat pipe wall at 150, 300 and 450W
heating powers, respectively. These graphs show how the temperature differences in the condenser and
evaporator parts of the heat pipe change according to working fluid. The temperature differences seen
here are taken into account when calculating the thermal resistance of the heat pipe. The use of Fe + Pure
water nanofluid in place of pure water did not cause much change in condenser temperatures, while it led
to a significant decrease in evaporator temperatures. Assuming that the amount of heat given to the heat
pipe in the evaporator is equal for both fluids, there is a greater heat transfer from the evaporator to the
condenser when nanofluid is used, which made the temperature of the evaporator section lower. At equal
condenser temperatures, lower evaporator temperatures mean lower thermal resistance. Also, as can be
seen from the graphs, the increase in the coolant flow rate caused the condenser temperature to decrease.
In other words, the amount of heat transferred to the water in the condenser section increased with the
increase of the flow rate. This shows that the efficiency increases with the increase in flow rate.
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4. CONCLUSIONS

In this experimental study, it was investigated how the use of nanofluids prepared with Fe nanoparticles,
the base liquid of which is pure water, affects the thermal performance in a thermosyphon type two phase
heat pipe. 0.2% by weight of surfactant and 1.5% by weight of nanoparticles were used in the nanofluid.
In order to observe the performance of the heat pipe in different heating power and coolant flow rates and
to determine the optimum operating conditions, the experiments at 3 different heating power and 3
different coolant flow rates were repeated using both pure water and Fe + Pure water nanofluid.
According to the experimental results, the use of Fe + Pure water nanofluid in place of pure water had an
increasing effect on the thermal performance of the heat pipe. It is possible to summarize the results of the
experiment as follows;

e The usage of Fe + pure water nanofluid in place of pure water significantly increased the
efficiency of the heat pipe under all experimental conditions. Maximum increasing rate in
thermal efficiency was achieved as 50.3% in the experiment conducted at 450 W heating power
and 3 g/s coolant flow rate.

e Again, the use of nanofluids in place of pure water provided a significant reduction in the thermal
resistance of the heat pipe in all experimental conditions. The maximum reduction rate in thermal
resistances was realized as 56.7 % in the test performed at 150 W heating power and 3 g/s
coolant flow rate.

e The highest efficiency and lowest heat resistance values were reached in the experiment using Fe
+ Pure water nanofluid as 77.9% and 0.0794 K / W, respectively.

o The highest thermal efficiency value was obtained at 150 W heating power and 9 g/s coolant flow
rate, while the lowest thermal resistance was obtained at 450 W and 6 g/s coolant flow rate.

e Considering the heat pipe temperature distributions, it can be understood that the temperature
formed in the evaporator is lower when nanofluid is used. This shows that a greater amount of
heat transfer has taken place thanks to the nanofluid.

e In the evaluation made by considering the efficiency of the heat pipes, it is seen that the increase
in the heating power causes a slight decrease in the efficiency. Increasing the coolant flow rate
for the same power value also increased the efficiency values.

NOMENCLATURE

Fe: Iron nano particle

Q.. The energy transferred to the coolant [W]
Q. : The power consumed by the resistance [W]
m. Mass flow rate of coolant [g/s]

cp:  Specific heat [kJ/kgK]

n: Efficiency

T: Temperature

AT: Average temperature difference between the evaporator and
condenser

IR: Improvement Rate
R: Thermal Resistance
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