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Projelerin basariya ulasmasinda baslica faktdr proje yonetimidir. Proje yonetimi uluslararasi
standartlar1 tamimlanmis ve tanimlanmaya devam eden birgok siiregten ve 6geden olugmaktadir.
Bu siireglerden biri de paydas analizidir. Proje yonetiminde paydas analizi konusunda diinyada ve
tilkemizde standartlari karsilayan bir yazilim aracina rastlanilmamaktadir. Dolayisiyla bu konuda
ciddi bir eksiklik oldugu goriilmektedir. Bu calismanin amaci, uygulama alanindan (proje
konusundan) bagimsiz olarak ve uluslararasi standartlara gore paydas analizi yapmay1 saglayan
algoritmanin ve yazilim aracinin tasarlanmasidir. Bu amagla oncelikle paydas analizini problem
alanindan bagimsiz olarak gerceklestirmeyi saglayan gereksinimler arastirilmis ve tanimlanmustir.
Gereksinimlerin tanimlanmasinda ise uluslararasi proje yonetim kurulunun belirledigi standartlar
dikkate almmustir. Gereksinimlerin tanimlanmasindan sonra paydas analizinin aktorleri, her bir
aktoriin sahip olmasi gereken islevler, paydas analizi siniflar1 ve veri modelleri gelistirilmistir.
Paydas analizinin 6nemli bir asamasi analize kaynaklik teskil edecek verinin etkili bir sekilde
toplanmasi ve islenmesidir. Bu amagla mobil cihazlar iizerinden ve c¢esitli sosyal medya
uygulamalarindan veri toplamay1 saglayan esnek bir uygulama mimarisi tasarlanmistir. Yazilim
mimarisinin tasarlanmasinda ise yazilim tasarim prensiplerine bagh kalinmistir. Paydas analizinin
kaynagi olan verilerin yapay zeka tabanli algoritmalar kullanilarak modellenmesinde ise yalin
bayes siniflandirma algoritmasini tatbik eden yazilim modiilleri tasarlanmistir. Tasarlanan paydas
analizi aracinin gelecekteki bir¢cok ¢aligmaya kaynaklik etmesi beklenmektedir.
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The main factor in the success of the projects is project management. Project management consists
of many processes and elements whose international standards have been defined and continue to
be defined. One of these processes is stakeholder analysis. There is no software tool that meets the
standards in stakeholder analysis in project management in the world and in our country.
Therefore, it seems that there is a serious deficiency in this regard. The purpose of this study is to
design the algorithm and software tool that enables stakeholder analysis independent from the field
of application (project subject) and according to international standards. For this purpose, firstly,
the requirements that enable stakeholder analysis to be carried out independently of the problem
area have been researched and defined. In defining the requirements, the standards determined by
the international project board are taken into consideration. After defining the requirements, actors
of stakeholder analysis, the functions that each actor should have, stakeholder analysis classes and
data models were developed. An important stage of stakeholder analysis is the effective collection
and processing of data that will be a source for the analysis. For this purpose, a flexible application
architecture is designed that enables data collection from mobile devices and various social media

*Corresponding author: gamzenur.yildirim2727@gmail.com
To cite this article: G. Yildirim, F. Sahiner and H. Kahraman, “Design of Artificial Intelligence Based Stakeholder Analysis
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applications. In designing the software architecture, it was adhered to the software design
principles. In the modeling of data that is the source of stakeholder analysis using artificial
intelligence-based algorithms, software modules that provide classification algorithms, primarily
navie bayes and decision trees, are designed. The designed stakeholder analysis tool is expected

to be the source of many future studies.

https://dx.doi.org/10.30855/gmbd.2021.02.01

1. GIRIS antrODUCTION)

Giliniimiiz diinyasinda teknoloji, sanayi ve bilim
alaninda ki gelismeler piyasa da ki rekabeti
arttirmaktadir. Bu rekabet durumu iginde One
gegebilmek icin  yapilan projelerin  basartyla
tamamlanmas1 ve gerekli hedefleri yerine getirmesi
gerekmektedir. Yapilan projenin basarist ise proje
gerceklestirim  siiresince proje faaliyetlerinin  ve
kaynaklarim  iyi  bir  planlama  siirecinden
gegirilmesiyle saglanabilir. Bu planlama
metodolojisine Proje Yonetimi denir. Proje yonetimi
ilk ¢ag uygarliklarindan itibaren kullanilmistir.

Proje, amaclanan bir hedefi, belirli baslangi¢ ve
bitis noktasi olan sinurlt bir finansmanla en iyi kaliteye
ulasilmaya calisilan iligkili faaliyetlere denir. Projenin
en onemli 6zelligi tekrar1 olmamasidir. Bir faaliyete
proje denilebilmesi i¢in ulagilmasi gereken bir amacin
olmasi, baslama ve bitis tarihlerinin kararlagtirilmasi
ve bir kaynaga sahip olmasi gerekir. Proje sinirli bir
stirede gerceklestirilmesine ragmen ekonomik ve
cevresel etkileri uzun siireli olacagindan proje
yonetimi olduk¢a miithim bir konudur.

Kaynaklara ulagimin giicliigii ve beklentilerde ki
artistan dolayr Proje yOnetiminin Onemi giderek
artmaktadir. Projenin hedeflerinin etkin bir sekilde
kararlastirilmasini, sistemli ve mantikli diigiinmemizi
saglayarak mevcut kaynaklarm etkin kullanimim
saglar. Projede yasanabilecek sorunlarin erken tespit
edilebilmesini sagladigt gibi buna bagli olarak
projedeki gereksiz is yiikii olugmasini ve lizumsuz
kaynak harcanmasinin Oniine geger, raporlama
yapilmasina imkan saglar.

Proje yonetiminde kullanilan araglardan biri
Berrocal J., Garcia-Alonso J., Murillo J.M. [1]
tarafindan gelistirildi. Farkli bolgelerdeki takimlar
tarafindan gelistirilen yazilim projeleri i¢in takimlarin
arasindaki etkilesimi, is birligini ve siireg iyilestirmeyi
artiran bir yazilim araci gelistirildi. Giil, N, Arici, N.
[2], Karmca Kolonisi Algoritmasini kullanarak proje
ekiplerinin yapmas: gereken gorevleri en kisa
zamanda yapilabilmesi icin gerekli olan kaynak
atamasin1 gergeklestirmek igin yapay zeka tabanlh
proje takvim plant olusturulmuslardir.

Proje yonetimini en iyi sekilde ger¢eklestirebilmek
icin proje yasam dongiisii boyunca uygulanacak
yoOnetim siireclerine ve yoOnetim alanlarina hakim
olunmalidir.  Projenin  basaritli  bir  sekilde
sonuglanabilmesi i¢in bu ydnetim alanlarinin siireg
adimlart ile birlikte etkilesim halinde olmas1 ve uyum
icinde yiiriitilmesi gerekmektedir. Proje yoOnetim
siirecleri farkli biiytiklerdeki projelerde ve farkli
sektorlerde gecerlilik gdstermektedir. Proje yonetim
stirecleri ISO 21500 standartlarina gore 5 ana siiregten
meydana gelmektedir ve bu siiregler birbirleriyle
etkilesim halindedir. Bunlar sirastyla baglama,
planlama, yiiriitme, denetleme ve kapanistir. Proje
yoOnetim alanlar1 ise projenin yontem ve teknik yonleri
ile ilgili ISO 21500 standardinda; biitiinlestirme,
paydas, kaynak, kapsam, zaman, maliyet, risk, kalite,
tedarik, iletisim olmak iizere on ana bagliktan
olugmaktadir [3-4].

Mevcut proje yonetimi uygulamalari kaynak
planlama, zaman takip, maliyet takibi, iletisim kurma
gibi proje yoOnetim hizmetleri sunarak takip ve
raporlama ile proje yasam dongiisii boyunca zamani
verimli kullanma, kaynaklarin etkin kullanimu,
ilerlemeyi ve olusabilecek riskleri izleyebilmeyi ve
kolayca  yonetebilmeyi  amaglamaktadir.  Bu
uygulamalarin  ¢ogunda proje siire¢ adimlarini
uygularken proje basarisini 6nemli derecede etkileyen

paydas  analizi  adimim1  gerekli  diizeyde
gerceklesememektedir.
Paydas gergeklestirmek istediginiz projeden

dogrudan veya dolayli olarak etkilenebilecek, projeyi
olumlu veya olumsuz yonde etkileyebilecek kisi,
kurum veya organizasyonlardir. Paydaslar proje ekibi
icerisinde yer alarak i¢ paydas veya dis paydas
olabilir, proje icerisinde aktif ve ya da pasif olabilirler.
Bagka bir deyisle paydaslar, projenin basarisinda “pay
sahibi” kisilerdir. Paydas yonetimi her projenin
basarisi i¢in ciddi oneme sahip bir proje yonetim
alanlarindan biridir.

Paydas analizi uygulamasindaki amacimiz, paydas
yonetim alanma egilerek projenin  basarisini
artirmaktir. Bu ¢alismada uygulama alanindan (proje
konusundan) bagimsiz olarak ve uluslararasi
standartlara gore paydas analizi yapmay1 saglayan
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yazilim aracini yapay zeka algoritmasi kullanarak
gerceklemeyi hedeflemekteyiz.

1.1. Problem Tanimi (Defination of the Problem)

Proje yonetimi uluslararasi standartlara sahip olan
birgok siiregten ve Ogeden olugmaktadir. Bu
standartlar ¢cergevesinde bir¢ok yardime1 yazilim araci
kullanilmaktadir. Projenin basarisini saglamak igin
paydaslarin  gereksinimlerinin  karsilanmasi  ve
memnuniyetinin  saglanmasi sarttir. Bir projeyi
gelistiren ekipten, o projeden olumlu/olumsuz
etkilenecek kisiye kadar herkes projenin icin
paydastir. Projenin varlifi, paydaslar tarafindan
benimsenmesine baglidir. Paydaslar bir projenin
olmazsa olmazidir. Proje gelistirmeye karar
verildiginde projenin; hangi ekip tarafindan ne kadar
sirede, hangi amaca hizmet edecegi Onceden
belirlenmelidir. Giiniimiizde gelisen ihtiyaclara daha
once tecriibe edinilmemis yenilik¢i projeler
yapilmaya galisilmaktadir. Bu dogrultuda miisteri ve

paydaslariin beklentilerini anlamak ve
memnuniyetini  saglamak, projenin  risklerini
azaltmak, proje yOnetimi siirecinin  yapisini

belirlemek icin paydas analizinin iyi bir sekilde
yapilmasi gerekmektedir.

Paydas memnuniyeti proje hedefi olarak
tanimlanmali, analiz edilmeli ve yonetilmelidir. Peki
paydaslar projelerin hangi asamalarinda
bulunmalidir? Projeye ne kadar dahil edilmektedir?
Etkili paydas katilim1 ayn1 zamanda celigen ¢ikarlar
yonetmek, proje kararlar1 ve faaliyetlerine uygun
paydas katilimini tesvik etmek igin siirekli iletisim
iizerine odaklanmaktadir.

Paydaslarin katilimi, anketlere ve odak gruplaria
ara sira yapilan katkilardan finansal, politik veya diger
destek tiirlerini iceren tam proje sponsorluguna kadar
degisebilir. Proje katiliminin tiirii ve diizeyi, projenin
yasam dongiisii boyunca degisebilir. Bu nedenle,
paydaslart basarili bir sekilde tanimlamak, analiz
etmek ve katilimi saglamak ve proje beklentileri ile
proje yasam dongiisii boyunca katilimlarini etkili bir
sekilde yonetmek proje basarisi igin kritik 6neme
sahiptir.

Proje  yonetimi  ile ilgili  standartlan
inceledigimizde proje yasam dongiisiiniin neredeyse
her asamasinda paydaslarla siirekli iletisim halinde
olmamiz gerektigi agikga goriilmektedir. Gelisen
teknoloji ve imkanlar ile birlikte paydaslarin proje
hakkindaki fikirlerini siirekli gézetmek ve paydaslar
ile proje siireclerini paylasarak ilerlemek miimkiindiir.

Paydaslarin da dahil edildigi bir proje yonetim siireci
proje i¢in olusabilecek riskleri azaltmay1 saglayacagi
gibi proje Dbasaristm da arttiracaktir.  Proje
yonetiminde paydas analizi konusunda diinyada ve
iilkemizde standartlar1 karsilayan bir yazilim aracina
rastlanmamaktadir.

1.2. Yontem (Definition of the Problem)

Uluslararasi standartlarda paydaslarin
tanimlanmasi, katilimlarinin planlamasi, yonetilmesi
ve izlenilmesi asamalarinda kullanilan arag ve
teknikler arasinda anketler tercih edilmektedir [3].
Gelistirilen paydas analizi aracinin tasariminda
paydaslarin fikirlerini/degerlendirmelerini almak
alman fikir ve degerlendirmeleri yapay zeka
algoritmasi ile analiz etmek ve bu dogrultuda analiz
sonuglarinin gorsel olarak raporlanmast
saglanmaktadir.

Projede; projenin olugturulmasi ve proje yoneticisi
tarafindan projenin basarisin1 saglayan olusturulan
anketlerin paydaglara gonderilmesi ve anketlerin geri

doniisiinlin  alinmas1 i¢in bir paydas analizi
uygulamas1  gelistirilecektir. ~ Proje  yOneticisi
tarafindan  projenin  asamalarindan  olusturulan

anketlere ve alinan anket sonuglarinin tutarliligini
saglamak i¢in veri temizleme yapilacaktir. Veri
temizleme sonrasinda alinan  sonuglar  veri
siiflandirmasi yaparak alman sonuglari
simiflandirarak projenin dig paydaslarmin  proje
yoneticisinin sorulari ile projenin bazi metriklerine
nasil bakildig1 analiz edilecek ve bundan sonraki
asamalarda bu paydas siniflarinin projenin basarisina
ve onlara hitap edecek sekilde yonetilmesi esas
almacaktir. Dis paydaslardan alinan sonuglarin
projenin i¢ ve her bir dis paydas grubu i¢in (n-1) tane
dis paydas icin etkisi sayisal metrikler ile ifade
edilerek  alman  sonuglarin  sisteme  etkisi
degerlendirilmek {izere nitelendirilecektir.

Siniflandirmada temel amag, nesnelerin sahip
oldugu ozelliklere bakilarak nesnelerin hangi sinifa ait
oldugunun belirlenme islemidir. Veri madenciliginde
cok farkli smiflandirma tiirleri ve algoritmalar
bulunmaktadir. Karar agaglari, en yakin komsu
siiflandirici, yalin bayes, yapay sinir aglari bunlardan
bazilaridir. Projede niimerik (sayisal) olmayan
bagimsiz  degiskenlerin tamimlandig1  anketlerin
degerlendirilmesinde istatistiksel bir yontem olan
yalin bayes kullanilacaktir [5-9]. Veri setinin
olasiliklar tablosuna doénistiiriildiigii ve bu olasilik
tablosundaki  bilgilerin  kullanilmas1  suretiyle
smiflandirma kararlarmin  verildigi yalin  bayes

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yaymcilik



84 Yildirim, Sahiner, Kahraman/ Gazi Miihendislik Bilimleri Dergisi 7 (2). (2021) 81-89

yontemi k-nn algoritmasina kiyasla ¢ok daha hizl
cevap lretmekte ve web ortaminda etkili bir ¢oziim
olabilmektedir.

1.2.1. Analiz (4nalysis)

Paydas analizini projeden bagimsiz olarak
gerceklestirmeyi saglayan gereksinimler arastirilmig
ve tanimlanmistir. Gereksinimlerin tanimlanmasinda
ise uluslararast proje yonetim kurulunun belirledigi
standartlar  dikkate almmugtir.  Gereksinimlerin
tanimlanmasindan sonra paydas analizinin aktorleri,
her bir aktoriin sahip olmasi gereken islevler, paydas
analizi siiflar1 ve veri modelleri gelistirilmistir.

Yapilan caligmalar neticesinde “Paydas Analizi”
aract i¢in kullanim senaryosu (use case) diyagrami
hazirlanmistir  (Sekil 1). Paydas analiz anketi,
paydaslarin  hepsini temsil eden bir kisminin

incelenerek, paydaslarin hepsi hakkinda c¢ikarimlar
yapmaya yarayan bir aragtirma yontemidir. Paydaglar
anketleri genellikle niceliksel olmaktadir. Paydas
analiz anketlerinden elde edilen veriler sayisal olmasa
da anketlerden elde edilen bilgiler ¢ogunlukla sayisal
yontemler kullanilarak analiz edilmeye c¢aligilir.
Paydas analizi araci ile hazirlanan anket sorulari
cesitli kaliplarda olabilir. Paydas anketleri belirli
kurallara gore hazirlanmis sorular ve kalip haline
getirilmis bir anket formu kullanilarak paydas
kiimesinden sayisallastirilabilecek veri toplamayi
amaclar. Bundan dolay1 incelenen paydas analiz
anketlerine gore paydas analiz aracinda hazirlanacak
olan anket soru kaliplar1 Tablo 1°deki gibi
belirlenmigtir. Paydaglarin anket sorularma verdigi
cevaplar asagidaki gibi sirali sekilde degerlendirilir ve
tutulur. Bunun sonucunda veriler siniflandirma
algoritmas1 ile smiflandirma yapilabilecek halde
sayisallagtirilir.

PAYDAS ANALIZI

Proje Olugtur

H
Lo
<<includes>>

Proje Ydne!

Proje igin
Anket Olugtur
ve Paydaglara
Gonder

Proje
Paydaglanmn -
Niteliklerini Seg ve

Analizi Baglat

Paydas
Analizi
Sonuglanm
Incele

Anketleri
) Gorntile

L H gdrilen Paydas
- - i
<<includes>> <<includes>>

Anketi
Cevapla ve
Kaydet

Naive Bayes
Siniflandirici
Algoritmasini

Kullanarak Analizi

Gergeklestir

<<Yapay Zeka Araci>>

<<uses>>

L

Yapay
Zeka Aracindan
Gelen Sonuglan
Raporlag&Gorsellestic

<<System=>>

Sekil 1. Paydas Analizi Aract i¢in Kullanim Senaryosu (Use Case for Stakeholder Analysis Tool)
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Tablo 1. Anket Soru Kahplarl (Survey Question Patterns)

Kesinlikle Cok Hig Son Hi¢ Iyi | Hig Hig Net | Hig eriolie ] ity
1 Katilmivorum | az Asla Memnun Derece Desil Katilmivor Degil Zaman | Faydal
Y desilim Olumsuz £ Y Olmadi
o Memnun Iyi Net Bazen | Arada | Faydali
2 | Katilmiyorum | Az Giinlik g Olumsuz Degil Katilmrtyor Degil Bir Olmads
Ne Kismen | Orta Bazen | Biraz
Kismen olumlu Kismen | Biraz Net Siklikta Faydali
3 | Kararsizim Orta | Haftalik Memnunum | Ne Tyi Katiliyor Oldu
Olumsuz
. Net Cok Cogu Faydali
4 | Katiliyorum Fazla | Aylk Memnunum | Olumlu Iyi Katiltyor Sik Zaman | Oldu
L. Son Son Son Her Cok
5 EZtslllrll h}iﬁm IE::zkla Yillik IE:/IOel:Imunum gigumklia Cokiyi | Derece Derece | Derece | Zaman | Faydali
Y Katiltyor Net Sik Oldu
Bu cevap kaliplariyla hazirlanan anketlerle paydas saglayan esnek bir uygulama mimarisi tasarlanmistir
analizini yapmamiza yarayacak bilgi, diisiince, goriis (Sekil 2).
ve beklentileri tespit edilmek istenen paydas
kiimesinin verileri sistematik bir sekilde toplanacaktir. Yazilim tasariminda ve mimarisinin
olusturulmasinda uluslararas1 standartlarina uygun
1.2.2. Tasarim (Design) olarak yazilim gelistirme prensiplerine bagh
kalinmigtir. Yetkili kullaniciya sistemin
Paydas analizinin 6nemli bir asamasi analize karmasikligina karigsmadan basit ve akic1 bir arayiiz ile
kaynaklik teskil edecek verinin etkili bir sekilde analizi baglatma, raporlart goriintiileme o6zellikleri
toplanmasi ve islenmesidir [10-17]. Bu amagla mobil kazandirilmagtir.
cihazlar ve gesitli sosyal medya uygulamalari aracilig1
ile gelistirilen yazilim araci iizerinde veri girisi
Sosyal Medya & E-posta
Projeler Paydaslar Anketler So‘”‘::;;“ Anketler S:;:‘:c"l;”
Proje Yoneticisi & Yetkili Eapring
Kullanici Arayiizi
& Veri Ambar
| v
Naive Bayes Siniflandinici
Yapay Zeka Araci

Sekil 2. Uygulama Mimarisi (4pplication Architecture)
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1.2.3. Paydas Analizinde Yapay Zeka (drtificial

intelligence in stakeholder analysis)

Paydas Analizi sisteminin veri tabaninda
paydaslarin anketlerden elde edilen 6zellikleri ve bu
ozelliklerin iglenmesiyle elde edilen bilgileri

tutulacaktir. Bu verilerin islenmesi ve anlamli bilgi
cikarimi i¢in kural tabanli bir ¢ikarim mekanizmasi
hazirlanmistir. Kural tabanli ¢ikarim mekanizmasinda
paydaslarin anket verilerinde ki iletisim, yeterlilik,
bilgi sahipligi, giivenlik, heveslilik, isteklilik,
duyarlilik alanlar1 incelenen paydas anketleri

orneklerine gore kurallar tanimlanmistir. Paydaglarin
verilen alanlardan herhangi birine verdigi cevaplar o
smifa ait kurallara gore degerlendirilir. Paydaslardan
alman anket verileri (ham veri) bu sekilde anlamli
bilgilere  doniistiiriiliir. ~ Siniflandirict  algoritma
paydaslarin projeyi destekleme durumlarini anket
sorularindan elde edilen ozellik degerlerine gore
smiflandirir. Tablo 2’de paydas analizi modelinde
paydaslarin analizi yaparken dikkate alacagimiz
bagimsiz degiskenler, hedef parametre ve aldig1 deger
aralig1 bulunmaktadir.

Tablo 2. Paydas Analizi Modelinin Parametreleri (Parameters of the Stakeholder Analysis Model)

Paydas Analizi Bagimsiz Degiskenleri Ciktt
S fictisim || Veterilic || a2t Givenilirlik || Heveslilik || Isteklilik | Duyarhii | Croemits
Sahipligi Desteklenmesi
Aldig1 [1.0- Olumlu
Deger 50 [1.0-5.0] | [1.0-5.0] [1.0-5.0] [1.0-5.0] | [1.0-5.0] | [1.0-5.0] Olumsuz

Paydas wverileri alaninda ki her bir paydas
nesnesinin bireysel 6zellikleri vardir. o’, bir paydas
verisi oldugunu varsayalim. Paydasin bu o’ nesnesiyle
projeyi destekleme durumu, bu nesnenin bireysel ve
iliskisel nitelikleri hakkindaki verdigi
degerlere(verilerine) bagli olarak bulunur. Paydasin
bu o’ nesnesinin bireysel nitelikleri hakkindaki cevap
verdigi anket sorulari:

paydasin iletisim derecesi “Id”, paydasin proje
hakkinda yeterlilik derecesi “Yd’, paydasin proje
hakkinda bilgi sahipligi derecesi “BSd” ,paydasin
proje hakkinda giivenilirlik derecesi “Gd”, paydasin
proje hakkinda heveslilik derecesi “Hd”, paydasin
isteklilik derecesi “PId”, paydasin proje hakkinda
duyarlilik derecesi “Dd” ve bu cevaplara ait paydasin
projeyi destekleme durumu “PDd”, dir. Paydasin
yapilan anketler sonucunda her bir paydasin bagimsiz
degisken derecelerinin hesaplanmasi:

Tasarlanan modelde bir paydas anket verisine ait
biitiin nitelikler i¢in paydasin nitelik degerlerinin ne
kadar oldugu gosterilmektedir. Bu olmasi gereken
degerler incelenen anketler sonucunda karar
verilmistir. Bir paydasin nitelik degeri “Pd” ve bu
nitelik degerinin olmas1 gereken diizey “Od” olsun.
”0d”, “Pd” ve nitelik derecelerinin bulunmasi igin
hazirlanan kurallara gore Id, Yd, BSd, Gd, Hd ,PId,
Dd, PDd dereceleri 5 farkli deger alabilir. Bunlar “cok

az”, “az”, « ¢ok fazla” dir.

EEINT3

orta”, “fazla”,

Id, Yd, BSd, Gd, Hd, Pld, Dd, PDd =

Kt < 0d/5 - "Cok az”
0d/5 <Kt <0d/4-"az"
0d/4 < Kt <0d/3 - "orta” (1)
0d/3 <Kt <0d/2 - "fazla"
0d/2 < Kt - "Cok fazla”

Hazirlanan uygulama tarafindan toplanan paydas
verilerinin islenmesinin ardindan veriler i¢inde ki her
bir paydas nesnesinin bireysel <Id, Yd, BSd, Gd, Hd,
PId, Dd, PDd> 6 6zellik degeri ile paydasin faydali
bilgileri elde edilmis olur. Bu adimdan sonra paydas
verilerinde ki her bir nesne i¢in bu 6 niteligin
degerlerine bagli olarak paydasin projeyi destekleme
durumu hesaplanir.

Anketler ile paydaglardan toplanan veriler
kullanilan siniflandirict algoritmanin degiskenlerini
temsil etmektedir. Siiflandirict algoritma olusturulan
paydas nesnelerinin her birini degisken degerlerine
gore smiflandirir. Paydas analizinde, kullanict
modelleme problemlerinde en ¢ok kullanilan
algoritmalardan Naive Bayes Smiflandirici (NBS)
kullanildi. Naive Bayes istatiksel (olasiliksal)
smiflandirma yontemidir. Naive Bayes siniflandiricisi
Bayes teoremini temel alir. Naive Bayes
smiflandiricilar, bir verinin degerinin belirli bir sinif
iizerindeki etkisinin, diger verilerin degerlerinden
bagimsiz oldugunu varsayar. Bu durum simif kosullu
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bagimsizlik olarak da bilinir. Naive Bayes
algoritmasinin kullanilmasimin sebebi, bir paydasin
smifini belirleyen niteliklerinin birbirinden bagimsiz
olmasidir. NBS bir verinin hangi olasilikla hangi
smifa dahil oldugunu kestirmeyi saglar. NBS ‘de her
paydas ait oldugu smifin etiketini alir. Bu NBS’ nin
egitim setini olusturur. Az sayida veri kiimesiyle
egitim yapildiginda yeni bir 6rnek smif olusabilir.
NBS’ nin bu o6zelliginden dolayr NBS danigsmali
O0grenme algoritmasi olarak bilinir. Egitim verisinde
her bir nesne n-boyutlu nitelik  vektorii
<ai,a2,a3,...,a> ve bu oOzelliklere karsilik gelen bir
smif etiketi “C”, m-boyutlu olarak bulunur. Naive
Bayes  algoritmasinda  yeni  bir  nesnenin
smiflandirilmast igin o nesneyi tanimlayan niteliklerin
degerlerine bakarak nesnenin en yiiksek olasilikla
hangi siniftan oldugu asagida Denklem 2 de
verilmigtir. Bu metod “Maksimum Posterior
Probability (MAP)” olarak bilinir [5, 18].

Cvmar= argmaxP(c,laq, ay, as, ..., a,) 2)
cm€C

Bayes Teoremine gore diizenlendiginde:

P(a;1,a2,a3,-anlcm)P(cm) 3)
P(a;,a3,a3,..,an)

Cmap= argmax
cm€C

=argmaxP(ay, a,,as,...,a,|cn)P(cn)  (4)
cm€C

Naive Bayes teoreminde bir nesnenin sinifi
bulunmaya c¢alisildiginda her bir nitelik degerinin
<aj,a2,as3,...,a,> birbirinden bagimsiz oldugu kabul
edilir. Bu duruma bagl olarak hedef nesnenin hangi
smif etiketini alacaginin bulunmasi i¢in niteliklerin
ayrt ayri bu sinif etiketi i¢in olasilik degerinin
bulunmasi ve sonuglarin degerlendirilmesi agagidaki

gibi gerceklestirilir.

Cyp = argmaxP(cm) [TiZ,(a;lcm) )

cm€C

NBS, paydas verilerinde ki her bir nesne igin
paydasin projeyi destekleme durumunu belirler.
Paydas verilerinden elde edilen bilgilerle elde
belirlenen ve tanimlanan kurallar dogrultusunda
diizenlenen “paydas proje destekleme durumu igin
sartli olasilik dagilimlar1” verilmistir. Tablo 3 de 350
veriden olusan  egitim  kiimesi  kullanilarak
olusturulmustur.

Paydas ornekleri kiimesindeki ozellikler paydas
proje destekleme modelindeki </d, Yd, BSd, Gd, Hd,

PId, Dd> uygun etiketlere atanirlar. Bu alt1 6zellik
degerine gore NB siniflandirici algoritmasi her bir igin
paydas proje destekleme durumu “olumlu” ya da
“olumsuz” olarak simiflandirir.

Tablo 3. Paydas Proje Destekleme Durumu igin Sartl
Olasilik Dagilimlari (Conditional Probability Distributions

for Stakeholder Project Support Status)

N OLUMLU OLUMSUZ
Ozellik Adi (186) (164)
Cok Az (70) 31/186 39/164
Az (70) 42/186 28/164
Iletisim Orta (70) 43/186 27/164
Fazla (70) 41/186 29/164
Cok Fazla (70) 43/186 27/164
Cok Az (70) 22/186 48/164
Az (70) 47/186 23/164
Yeterlilik Orta (70) 46/186 24/164
Fazla (70) 42/186 28/164
Cok Fazla (70) 53/186 17/164
Cok Az (71) 24/186 47/164
Bilgi Az (74) 36/186 38/164
O, Orta (75) 41/186 34/164
Sahipligi
Fazla (72) 44/186 28/164
Cok Fazla (58) 41/186 17/164
Cok Az (70) 24/186 46/164
Az (67) 21/186 46/164
Giivenilirlik Orta (71) 37/186 34/164
Fazla (72) 51/186 21/164
Cok Fazla (70) 53/186 17/164
Cok Az (71) 21/186 50/164
Az (67) 24/186 43/164
Heveslilik Orta (68) 45/186 23/164
Fazla (70) 46/186 24/164
Cok Fazla (74) 50/186 24/164
Cok Az (67) 19/186 48/164
Az (68) 20/186 48/164
Isteklilik Orta (71) 43/186 28/164
Fazla (70) 50/186 20/164
Cok Fazla (74) 54/186 20/164
Cok Az (73) 25/186 48/164
Az (68) 34/186 34/164
Duyarhlik Orta (72) 46/186 26/164
Fazla (68) 39/186 29/164
Cok Fazla (69) 42/186 27/164
Paydasin Proje Destekleme
Durumunun “Olumlu” ve 186/350 164/350
“Olumsuz” olmasi olasiliklart

Paydas verilerinin etiketlendirilmesi asagidaki gibidir:
i. Paydasin iletisim derecesi “Id”
ii. Paydasin proje hakkinda yeterlilik derecesi “Yd”
iii. Paydasin proje hakkinda bilgi sahipligi derecesi

“BSd”

iv. Paydasin proje hakkinda giivenilirlik derecesi

“Gd”

v. Paydasin proje hakkinda heveslilik derecesi “Hd”
vi. Paydasin isteklilik derecesi “PId”
vii. Paydasin proje hakkinda duyarlilik derecesi “Dd”
viii. Paydasin projeyi destekleme durumu “PDd”
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Ornek Durum: Anket yapilan bir paydasin projeyi
destekleme  durumu  belirlenecektir.  Paydasin
anketlere verdigi cevaplara gdre paydas nesnesi
asagida Tablo 4’de verilmektedir.

Tablo 4. Paydas Nesnesi(Stakeholder Object)

Nesne | Id Yd BSd Gd Hd PId Dd PDd
a’ Az Fazla | Orta | Cok Cok Az Orta | ?
Fazla | Az

Yukaridaki tabloda bulunan paydas anket
degerlerine gore paydasin projeyi destekleme durumu
NB simniflandirict  kullanilarak  bulunacaktir. NB
Simiflandirict tabloda ki verilere gore drnek durumu
asagida ki sekilde ki gibi siniflandirir: PDd (Paydas
Proje Destekleme Durumu) degerinin smifini
(Olumlu, Olumsuz) bulmak i¢in denklem 6 kullanilir
[18]:

Cyg = argmaxP(cp) [[i=1(a;lcm) (6)

cm€eC

CNB = argmax cm€(olumlu,olumsuz) P(Cm)P(Id =
Az|c,,)P(Yd = Fazla | ¢,,)P(BSd =

Orta | cm) P(Gd = Cok Fazla | cm) P(Hd =
Cok Az | cm) P(PId = Az | cm) P(Dd =

Orta | cm) @)

PDd hedef degerinin hangi paydas smifina ait
oldugunu bulmak i¢in </Id, Yd, BSd, Gd, Hd, PId, Dd>
niteliklerinin ~ her bir smf igin  olasiligmm
hesaplamamiz gerekmekte. Bu durumda 7 ozellik
degerinin 2 farkli simif i¢in (olumlu, olumsuz) degeri
hesaplanir.

164 28 28 34 17 50
—— k—— k —— ok —— k —— % ——
350 1644 164 164 164 164

6
0 -5
* Tea * Tea 0,415238 « 10

Porumsuz =

, 186 42 42 41 53 21
= — %k —— k —— %k —— k —— x ——
olumlu = 35 18620186 186 186 186

e = -5
*136 " 186 0,510998 * 10

Elde edilen en biiyiikk olasilik degerini normalize
edilecek olursa:

P _ 0,510998 = 10~°
norm = 10,415238 * 105 + 0,510998 * 10~5
= 0,55

Yukarida ki olasilik hesabma gore kullanicinin
PDd degeri igin ait oldugu sinif “olumlu” dur.

SONUCLAR (CONCLISION)

Bu makale ¢alismasinda, proje yonetiminde yapay
zeka tabanli ¢6ziim gelistirme iizerine 6nemli bir
calisma sunulmustur. Proje yonetimindeki en 6nemli
stirelerden biri olan paydas analizi konusunda yapay
zeka tabanli c¢alisan bir uygulama ¢ergevesi
tanitilmistir.  Paydas analizi siirecinin  problem
alanindan ve tiim kisitlardan bagimsiz bir sekilde ve
uluslararasi standartlar1 gozeterek gerceklestirebilmek
bliyiik zorluklar icermektedir. Yiiksek diizeyli
soyutlama yetenegine sahip ve modiiler olarak
gelistirilmis 6gelerden olusan bir yazilim cevresini
tasarlayarak bu zorluklar asilmistir. Bu makale,
boylesi bir yazilim g¢evresinin tasarlanmast yoniinde
yiiriitiilmiis oncii ¢aligsmalardan biri olarak literatiire
kazandirilmigtir.  Gelistirilen  yazilim  ¢evresi
sayesinde proje konusundan bagimsiz bir sekilde
paydaslarin tanimlanmasi, paydas analizi konusunun
modellenmesi ve analiz siirecinin aktor ve dgelerinin
esnek bir sekilde sisteme entegre edilmeleri
saglanabilmektedir. Paydaslara sunulacak anketler
dinamik yapida tasarlanmistir. Gelecek ¢aligmalarda
gelistirilen yazilimin biiyiikk capli projelerde test
edilmesi iizerine faaliyetlerin yriitiilmesi
planlanmaktadir.
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In this study, the vehicle routing problem (VRP) which is a well-known NP-hard combinatorial
optimization problem is handled on graphic processing units (GPUs). Solving optimally any kind
of VRP is extremely hard when the instance size is large. For this reason, researchers tend to solve
the VRP with meta-heuristics. Although, many well-designed meta-heuristics produce near-
optimal solutions in reasonable time, still a challenge to solve large scale instances. To accomplish
this issue, researchers need novel, fast and wisely designed parallel operators for the proposed
algorithms. Furthermore, the success of these operators directly depends on the way the solution
is represented. This paper offers a new permutation based solution representation technique (n+)
for vehicle routing problems on GPUs. Results show that proposed technique can be used in many
algorithms to accelerate computations.
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Bu ¢alismada, NP-Hard kombinatorik optimizasyon problemlerinden olan arag rotalama problemi
(ARP), grafik islem birimleri (GPU) iizerinde ele alinmistir. Problem boyutunun biilyiimesiyle
birlikte ARP'min herhangi bir tirlini optimal olarak ¢6zmek olduk¢a zorlagmaktadir.
Aragstirmacilar bu yiizden metasezgisel yontemlere yonelmektedir. Her ne kadar bu metasezgisel
algoritmalar kabul edilebilir siirelerde optimale yakin sonuglar iiretse de biiyiik boyutlu problemler
i¢in bu durum farklidir. Bu durumu agmak igin, arastirmacilar 6nerilen algoritmalar i¢in yeni, hizli
ve akillica tasarlanmis paralel operatdrlere ihtiyact bulunmaktadir. Bu operatérlerin basarisi
dogrudan ¢6ziimiin temsil edilme sekline baglidir. Bu makale, ARP'yi GPU'lar {izerinde etkin bir
sekilde ele alabilmek igin yeni bir permiitasyon tabanli ¢éziim gosterim teknigi (n +) sunmaktadir.
Sonuglar, Onerilen teknigin  hesaplamalar1 hizlandirmak ic¢in  bir¢gok algoritmada
kullanilabilecegini gostermektedir.

https://dx.doi.org/10.30855/gmbd.2021.02.02

1. INTRODUCTION (GiRis)

The vehicle routing problem (VRP) can be defined
as the finding optimal routes of distribution plans with

side constraints [1]. Since the VRP introduced by
Dantzig and Ramser [2], researchers have studied
many variants of problem. This can be inferred that
popularity of the VRP still ongoing since many
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applications of problem can be seen in real-life.
Besides popularity, it is still a challenge to solve VRP
optimally or near-optimally when the instance size
increases.

Metaheuristic algorithms are generally cited as
tools for solving certain types of optimization
problems, such as combinatorial optimization
problems like VRP. These algorithms do not
guarantee the exact solution developed for
optimization problems; but they are techniques that
give satisfactory solutions in a short time. They are
often used in cases where exact solution algorithms do
not provide solutions in a reasonable time.

Whether it is exact method or meta-heuristic still
requires intelligent and fast computational techniques.
Especially, when the researchers study with very large
scale problems, time is one of the most important
issues to generate a good solution.

A graphics processing unit (GPU) is a processor
designed to rapidly manipulate and alter memory to
accelerate the visualization of images. As well as
visualization, GPUs are increasingly used in
computing. With the motivation of shortening the
solution times of optimization problems, it is
becoming widespread to develop metaheuristic
algorithms on GPUs, mostly using by CUDA
environment. However, this technology is an obstacle
to the direct use of traditional programming
knowledge and skills. In order to develop applications
using this technology, it is necessary to understand the
architecture of GPU very well.

The problem under consideration must be suitable
for processing on the GPU. Furthermore, the
representation of the problem and constraint handling
will directly affect the efficiency of the GPU. In order
to develop the algorithms on GPUs effectively, it is
important to define proper representation to the
problem structure.

In this study, we focus on solution representation
of the VRP. We propose a new permutation based
solution representation technique which we called m+.
The main contributions of n+ can be summarized as
follows:

. It is easy to manipulate.

. It offers a tremendous speed up opportunity
on GPUs

. It can be adaptable for other combinatorial

optimization problems.

The remainder of this paper is organized as
follows. In Section 2, we review the VRP and meta-
heuristic algorithms on GPUs. In Section 3, we
describe the proposed permutation based solution
representation technique and in Section 4 we show the
computational experiments. In conclusion, we discuss
the efficiency of the proposed technique and the
potential for future studies.

2. VRP AND META_ HEURISTICS on GPUS
(ARP ve GPU ICIN METASEZGISELLER )

Researchers commonly propose meta-heuristics
algorithms for any variant of VRP. These algorithms
can be single solution based such as tabu search,
simulated annealing and variable neighborhood
search or population based such as genetic algorithm
and ant colony optimization. In many studies, these
techniques can be hybridized and enriched with local
search strategies to give both intensification and
diversification properties to the algorithm.

2.1. VRP (4ra¢ Rotalama Problemi)

There are many variants of the VRP in the
literature such as capacity constrained, time
windowed and open. When the VRP is mentioned, the
first thing that comes to mind is the capacity
constrained VRP. A vehicle fleet with the same
capacity in the capacity-limited VRP moves from a
warehouse and serves customers whose demands are
known in advance. Each customer gets service from
only one vehicle and each customer's demand is met.
The vehicles cannot exceed their capacity and return
to the warehouse at the end of service. It is aimed to
find the least costly routes under these constraints. In
one variant of the problem, there is the additional
constraint that the travel time of each vehicle should
not exceed a given travel time limit. In open VRP,
each route starts at the depot and ends at a customer,
visiting number of customers, each once, without
returning to the depot.

Mathematical model of heterogeneous fleet open
vehicle routing problem is given below.

Parameters:

I,] ={1,2,..,n} : set of customers

K ={1,2,...,m} : set of vehicles

1y : capacity of k' vehicle

d; : demand of j*" customer

Cijk : cost between j* and j* customer with k*
vehicle
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Decision variables:

Xijk

_ {1, if k" vehicle serve jt* cust.after it" cust.
0, otherwise

YVik

_ {1, if k*" vehicle serve j*" customer

- 0, otherwise

Objective:
minz =Y; ¥; X CijkXiji (1

Constraints:
Yiizj Xijk = Vi, Vi k,j>1 (2
Yjizjj>1%ijk < Vi, Vi ki>1 3)
YjiZkXijk <m 4)
Yiji>14Yjk < 1, Vk Q)
YiXeXxijk=1Vj>1 (6)
Up — Wje + T Xjje ST —dj L #FJ, i >1&) >
lvedj+d; <m (7

With the objective function (Eq. 1) the total cost is
minimized. Constraint (Eq. 2) guarantees that j®
customer will be served by k™, if y;; = 1. Constraint
set (Eq. 3) states that, if customer i is visited by k™
vehicle; then this vehicle may travel or may not travel
to another customer. Constraint (Eq. 4) limits the
number of vehicles. It is ensured not exceeding the
capacities of the vehicles with (Eq. 5). Constraint set
(Eq. 6) indicates that every customer must be visited
exactly once. Relations (Eq. 7) are the sub-tour
elimination constraints.

VRP diversifies according to the needs in
application and gains new variants every day. Both
technological innovations and the needs of the
industry have led to the emergence of many different
types of VRP. However, the need to make effective
decisions in a short time has led researchers to various
studies on VRP's solution methods.

The diversity of models and solution approaches in
vehicle routing is enormous (see, e.g., [3] and [4]). For
detailed information for variants of problem, readers
are encouraged to see [5]. Some meta-heuristic
approaches are commonly studied to solve the VRP
like tabu search [6], variable neighborhood search [7]
and ant colony optimization [8]. The number of
metaheuristic algorithms in the literature can be easily
increased, but in this study, we focus on the solution
representations used in metaheuristic algorithm
design for the VRP.

2.2. Meta-heuristics on GPUs (Grafik Islem Birimleri
Uzerinde Metasezgisel Algoritmalar)

Although metaheuristic algorithms search for
solution spaces with highly advanced techniques, the
increase in the size of the instances can cause
algorithms to not converge to the best solution.
Therefore, parallelization is a very important tool that
allows the development of new methods for solving
large problems.

Parallel computing has been an advanced way of
solving difficult large-scale problems for years. The
design and coding of sophisticated parallel
metaheuristic algorithms are directly affected by the
platform where the calculation will be made. GPU,
which is used as a visualization tool in computer
systems, is one of these platforms.

It is a fact that metaheuristic algorithms
significantly reduce the computational complexity
and perform the search for the best solution, but the
increase in the size of the problems causes the solution
times to increase and the solution quality to decrease.
In combinatorial optimization problems, the increase
in the instance size causes the solution space to grow
exponentially. However, computing the objective
function and many other calculations require more
processing time. For these reasons, a parallel design to
metaheuristic algorithms comes to the fore. In a
broader sense, parallel and distributed computing on
metaheuristic algorithms aims to:

e  Speeding up the search,

e Improving the quality of the solution
obtained,

e Increasing consistency,

e Solving large scale problems.

With these purposes, parallelization in
metaheuristic algorithms occurs in three main
dimensions:

e Solution level parallelization: This type of
parallelization involves the simultaneous
computation of the evaluation of a single
solution by breaking it into pieces.

e Parallelization at the level of iteration: It
means that multiple solutions can be
calculated simultaneously or that the
neighborhood comparison on a solution can
be partitioned and evaluated simultaneously.

e Algorithmic level parallelization: It is the
simultaneous  processing of  different
metaheuristic algorithms in order to obtain
more consistent results.
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2.2.1. Literature review (Literatiir incelemesi)

When we focus on combinatorial optimization
problems that studied on GPUs, there are several
publications in the literature. Tsutsui and Fujimoto [9]
presented a parallel genetic algorithm on GPUs for the
quadratic assignment problem (QAP) in their study. In
this study, 3 to 12 times faster results were obtained
than the serial algorithm. In another study [10], the
same authors presented a method for the solution of
the quadratic assignment problem, consisting of
optimizing ant colonies and combining the 2-opt local
search algorithm. According to the results, it was
emphasized that the solution times on the GPUs are
24.6 times faster than the serial one. Czapinski [11]
developed multiple onset tabu search algorithm for the
QAP in the CUDA environment in their paper. In this
study, some of the literature problems developed for
the QAP were addressed and results were obtained in
up to 70 times shorter time with solutions that
averagely have 1% gaps to optimal solutions. The
same problems also studied on GPUs in [12] and [13].

Cecilia et al. [14] developed an ant colonies
optimization for the travelling salesman problem and
obtained solutions up to 20 times faster. In another
study conducted for the same problem, Delevacq et al.
[15] achieved an acceleration up to 23.6 by ant
colonies optimization.

Although the literature is rich on GPU
implementations of population-based metaheuristics,
only a few publications discuss routing problems.
Shulz [16] presented a study on applications of local
search algorithms for VRP. In the study, the memory
operations were emphasized which is one of the
bottlenecks when operating on GPUs. In another study
for the VRP, Groer et al. [17] have applied local
search techniques on GPUs. In another study, Szymon
and Dominik [18] developed a parallel tabu search
algorithm on GPUs for the multi-criteria VRP.

Local Search is a basic algorithm in discrete
optimization and used commonly with metaheuristics.
With the availability of CUDA, the number of papers
studying local search based metaheuristics on the
GPU increased. The technical report by Luong et al.
[19] discusses a CUDA based GPU implementation of
local search. The neighborhood evaluation is the most
computationally intensive task in local search based
algorithms such as variable neighborhood search. In
many applications, selecting the best move is not
always done on the GPU to use memory operation
efficiently. The papers (Luong et al. [19], O'Neil et al.

[20], Coelho et al. [21], Rocki and Suda [22]) all
discuss different implementation details and CUDA
specific optimizations.

The strategy that used for handling of constraints
and objective components for each solution in the
neighborhood is an almost perfect parallel task, see for
instance [23] and [24] for an illustrating example.

2.2.2. Handling VRP with meta-heuristics (ARP’nin

metasezgisellerle ele alinmasy)

There are some solutions representation methods
for VRP, such as permutation based and binary
encoding. An example of permutation based
representation can be seen for VRP in Figure 1. It is
known that representation methods for VRP strictly
depends on the constraints of problem. In addition to
this, time consuming operations can be handled
according to representation of problem.

[o][«][7] [e] o) (e (5 (81 8] [ ] [

Figure 1: An example of permutation representation
for VRP (4RP icin permiitasyon tabanl: gésterime bir rnek)

When it comes to parallel algorithms and
concurrent computing, representation design of the
problem comes to the fore. Davidovic et al. [25] offers
the permutation based representation the best for
concurrent computation on many types of problems.

3. Proposed Solution Approach (Onerilen Ciziim
Yaklasimi)

In many CPU-GPU oriented meta-heuristic
algorithms for combinatorial optimization problems
like the VRP are designed as follows: The starting
solutions are generated and some complex operations
are made on the host (CPU side). Then the solution is
manipulated and sent to device (GPU side) to make
parallel computations. This procedure brings many
memory operations between host and device which
makes GPUs inefficient.

Presentation of solutions on the GPU is extremely
critical in terms of the simultaneous operation of the
algorithm. " has been proposed to show the solutions
on the GPU, which provides many advantages.

3.1. Representation (Gisterim)

The main purpose of the 7" is to standardize route
lengths. We used dummy demand points (&) to ensure
that all routes have equal lengths. The distance of all
demand points including the warehouse to & is 0, and
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the distance of @ to all demand points is a very large
number (M). At the same time, the distance of O to
itself is 0. However, @ does not have demand.

To make the new representation format easy to
understand, we will continue to explain ©* on open
VRP. As it is mentioned before, in open VRP, a route
starts from depot and ends at a customer. In this
example, we assume that all the vehicles are identical.
Namely, they have the same capacities. Except for the
warehouse and dummy demand points, the demands
are arranged in ascending order to obtain the
maximum number of different demand points that can
be served with one vehicle. The number / is obtained
by adding 2 to this number. The reason for adding 2 to
this value is that, in accordance with open VRP, the
first elements in each route are created from the
warehouse last elements and the dummy demand
points.

[ofsfitfals|olole[2]7]0]0]
Figure 2: An example of n* for open VRP (44RP icin

bir " ornegi)

The total length of a n* is obtained by multiplying
the / by the number of vehicles. An example of " with
2 vehicles and 8 nodes including the warehouse is as
in Figure 2. Accordingly, it is assumed that a
maximum of 4 different demands can be loaded on a
vehicle according to the vehicle capacity by listing the
demands ascending. Therefore, the number / is
determined as 6. In ©" every [ segment represents a
route.

For this example, the objective function of 7" can
be calculated as Y74 cost[m*[i], x*[i + 1]] . Please
note that only a dummy demand point is added as the
last column and last row in the cost or distance matrix.

3.2. Objective Function Calculation (4ma¢ fonksiyonu

hesaplamast)

Objective function calculation is a critical issue for
meta-heuristics. Depending on the flow of the
algorithm and type of the problem, the objective
function may need to be calculated over and over
again. " can reduce computation time for many
combinatorial optimization problems like the open
VRP on GPUs. This should be considered that each
route designed as a block on grid structure of GPU. A
vector can be defined on device for n* and each
element of this vector will keep a route’s cost.

Two random instances were created to show the
effectiveness of the proposed solution representation
method in calculating the parallel objective function.
According to this, the instance A has 79 customers and
a depot with 10 vehicles, and the instance B has 385
customers and a depot with 47 vehicles. We generate
random solutions between 2'° and 22°. Time of
generating these solutions were discarded from
comparison. On the other hand, we took into account
the time of data transfers to GPU side for fair
comparison. The comparisons for these random
instances are shown in seconds in Table 1. This can be
said that the objective function evaluation on GPUs
with ©* for open VRP offers a tremendous speed-up.
In addition, it should not be overlooked that
algorithms do not only consist of calculating the
objective function, but also have many other
computational operators. For this reason, we focused
also other operators like local search.

Table 1: Performance comparison on objective
function calculation (Amacg fonksiyonu bakimindan

performans karsilagtirmast)

A B
Number | n80k10 | n80k10 | n386k47 | n386k47
of CPU GPU CPU GPU
solutions (secs) (secs) (secs) (secs)
210 0.126 0.085 0.356 0.097
2! 0.154 0.088 0.620 0.100
212 0.300 0.089 1412 0.104
203 0.529 0.094 2.500 0.106
214 1.162 0.096 5.528 0.143
215 2.285 0.136 10.027 0.152
216 4.383 0.142 20.497 0.210
217 8.887 0.151 42.560 0.351
218 20.770 0.225 84.241 0.676
21 34.871 0.365 174.168 1.378
2% 73.872 0.649 372.455 3.282

3.3. Local Search Operators (Yerel arama operatorleri)

Most of well-designed meta-heuristics use local
search operators. We can divide local search
algorithms for VRP into intra-route and inter-route
operators. Intra-route algorithms search for some
neighborhoods in a route and inter-route algorithms
search for neighborhoods between two or more routes.

3.3.1. Intra-route local search operators (Rota ici
yerel arama operatirleri)

The most popular intra-route local search
algorithms are Or-opt, 2-opt or 3-opt for the VRP. We
implemented 2-opt and Or-opt for open VRP on GPUs
to show the efficiency of @".
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Since a similar strategy is followed in all
neighborhoods, the operation on GPU is explained in
detail only over the 2-opt neighborhood. Breaking (i,
j)and (i + 1, j + 1) connections by breaking (i, i + 1)
and (j, j + 1) connections with j >i + 2 in each route,
simultaneously on all routes is tested. The inverse
conversion between (i + 1, j + 1) performing at the
appropriate ones is also performed simultaneously
(see Figure 3)

OO O OO 0~0

i i1 i

-0 §-0-6 $-00

Figure 3. 2-opt neighborhood (2-opt komsulugu)

In «*, the warehouse that states at the beginning of
the routes and the & that states at the end of routes are
excluded from the local search. However, in ", @ can
also take place somewhere else the last point. When
looking at the 2-opt neighborhood, the & in the route
is prevented from getting ahead of a demand point,
thanks to the large number of the distance of @ to the
demand points in the cost matrix. This block level
parallelization can bring tremendous speed-up to
intra-route local search operators.

3.3.2. Inter-route local search operators (Rotalar
arasi yerel arama operatorleri)

Basically, inter-route algorithms make moves
between two or more vehicles. When concurrent
search between vehicles is concerned, bank conflict
should be taken into consideration. For GPUs the local
memory is divided into memory banks. Each bank can
only address one dataset at a time, so if a half-warp
tries to load/store data from/to the same bank the
access has to be serialized. In detail, this is not
possible to compare a vehicle with more than one
vehicle and apply meaningful changes in
simultaneous operation (see Figure 4).

Figure 4. Bank conflict example (Bank uyusmaziigi srnegi)

For example, we suppose a one-to-one change (see
Figure 5) inter-route search is performed on an
example with three routes (R=Route, R/-R2, RI-R3).
In this case, in the comparisons of R/-R2 and RI-R3,
an element from R/ may be replaced by an element
from both R2 and R3, and this causes the algorithm to
malfunction or bank conflict in technological term.

q’ ) =00

Figure 5. One-to-one change neighborhood (Bire-bir
degisim komsulugu)

O+O-+O~0
el oS

In the proposed parallel method, comparisons up to
int ((number of vehicles) / 2) during the search
between vehicles are considered simultaneously. To
compare all vehicles with each other a loop must be
found in the code. In this case, there is a need for an
index set that states which routes to compare in each
repetition. Successively indexed routes are taken
simultaneously for comparison. A reciprocal change
of element between routes has been considered for
each vehicle to be used at most once. A route cannot
be processed more than once in a concurrent
transaction. An example of the index set can be seen
in Figure 6.

foop A

1 1 2 3 4 5 6
2 1 3 2 4 5 6
3 1 4 2 5 3 6
4 1 5 2 6 3 4
3 L 6 2 3 4 5
6 1 2 3 5 4 6

Figure 6. An example of index set (Indeks kiimesi

ornegi)
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4. Computational experiments (Hesapsal deneyeler)

With the proposed z* many calculations can be
done in a parallel manner on GPUs. For a meta-
heuristic algorithm that solves the VRP on graphic
processing units can easily calculate objective
function and run local search operators.

4.1. Test Environment (Test ortam)

The platform for our investigations is a modern
NVIDIA Maxwell architecture GPU (GTX 980) with
16 streaming processors, each with 128 cores, a total
of 2048 cores for parallel computation. In addition,
our workstation has an Intel Xeon E5-2630 2.4 Ghz.
CPU and 32 GB RAM. Python 2.7 was used when
coding the algorithms. Furthermore, PyCuda [26]
library is used for GPU operations. Finally, kernels are
coded as C ++.

4.2. Performance of local search operators (Yerel

arama operatérlerinin performanst)

In this study, it is not aimed to design a total meta-
heuristic algorithm for open VRP. However, we
define a way to get performance of local search
operators on GPUs by means of time. This should be
considered that if we design an operator that has many
conditional statements, the efficiency of GPUs would
drop noticeably.

A wise performance evaluation method has been
followed. We test intra-route (2-opt, Or-opt) and inter-
route (one to one change) local search algorithms,
respectively with different iterations. It is not allowed
vehicle capacities to be exceeded, therefore we can
say that we have a time-consuming process during the
control of vehicle capacities in the exchange between
routes. Furthermore, we consider the time of initial
solution transfer to GPU side for fair comparison.
Furthermore, in contrast to objective function
evaluation we handle a single solution.

In Table 2, the results in seconds can be seen for
different iterations for problem A and B. This can be
said that memory transfer is a bottleneck for GPU
side, up to 5000 iterations. This can be comprehended
that when the number of iterations increases, things
turn in favor of GPU. In the B problem with 386
customers and 47 vehicles, when the number of
iterations is increased, an acceleration of up to five
times is observed. As a consequence, a significant
acceleration can be given to the algorithm with the
proposed strategy.

Table 2. Performance comparison on local search

operators (Yerel arama operatorleri bakimindan performans
karsilastirmast)

A B
Iterations n80k10 | n80k10 | n386k47 | n386k47
CPU GPU CPU GPU
(secs) (secs) (secs) (secs)
(serial (parallel | (serial (parallel
code) code) code) code)
1000 0.705 1.166 1.788 3.366
2500 1.655 1.754 3.670 4.785
5000 2.698 2.227 6.299 6.213
10000 5.993 3.566 14.365 9.137
25000 12.367 | 5.217 29.437 13.767
50000 22335 | 7425 56.432 18.998
100000 39.215 | 9.665 110.369 | 29.231

5. Conclusions and Further Research (Sonuclar ve
gelecek ¢calismalar)

For high GPU utilization, there are a number of
implementation issues, the most important ones being
related to configuration and use of memory structures,
and code diversion for configurable thread blocks.
There is still a need to solve large combinatorial
optimization problems like the VRP with fast meta-
heuristic algorithms. GPU offers an opportunity to
accelerate algorithms.

In this study, we propose a novel permutation-
based solution representation technique which is easy
to manipulate for the VRP. The proposed
representation technique can be used with many meta-
heuristic algorithms and many variants of the VRP.
We showed the efficiency of this technique on
objective function calculation and some local search
operator. For the objective function calculation, the
parallel implementation runs up to 100 times faster
than the sequential one. A promising acceleration for
the local search operators have also been obtained. For
further studies, researchers can adapt the proposed
representation technique to other combinatorial
optimization problems such as quadratic assignment
problem with new heuristic or meta-heuristic
algorithms.
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AISI H13 sicak is takim ¢eligi, sahip oldugu mekanik ve termal 6zellikleri nedeniyle endiistriyel
kalipgilik uygulamalarinda siklikla kullanilan bir malzemedir. Elektro Erozyonla Isleme yontemi
(EEI) ise ozellikle karmasik geometriye sahip ve olgiisel hassasiyeti yiiksek pargalarin
islenmesinde tercih edilen bir yontemdir. Bu ¢aligmada; sertlestirilmis AISI H13 sicak is takim
celiginin farkli isleme parametreleri (akim siddeti, vurum siiresi, elektrot tipi) kullanilarak elektro
erozyon igleme yontemi ile delinmesinde, isleme parametrelerinin delik ¢ap1 ve kalitesi {izerindeki
etkileri deneysel olarak incelenmistir. Deneysel tasarim Taguchi yontemi ile olusturulmus,
deneysel parametreleri L7 ortoghonal dizin kullanilarak belirlenmigtir. Deneysel tasarimda,
isleme parametreleri olarak ii¢ farkli elektrot tipi (Bakir, Grafit, Tuncop), ii¢ farkli vurum siiresi
(200, 300, 400 ps), ii¢ farkli akim siddeti (4, 8, 12 A), 0,5 mm talas derinligi ve 50 us bekleme
stiresi kullanilmigtir. Deneysel sonuglar, varyans analizi (ANOVA) ve sinyal / giiriiltii (S/N) orani
kullanilarak degerlendirilmistir. Yapilan ¢aligmanin sonucunda, isleme parametrelerinin delik
capmin Olglisel dogrulugu iizerinde etkili oldugu belirlenmistir. Sinyal/Glirtiltii oranlar
incelendiginde, elektrot ¢apma en yakin delik capini elde etmek igin gerekli isleme
parametrelerinin A3B1Ci (Bakir—200 ps—4 A) oldugu belirlenmistir. Anova analizi sonuglari
degerlendirildiginde, delik ¢apinin dlglisel dogrulugu iizerinde en etkili isleme parametresinin
elektrot malzemesi oldugu, en az etki eden isleme parametresinin ise vurum siiresi olarak olustugu
tespit edilmigtir.
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Dimensional accuracy

AISI H13 hot work tool steel is a material that is frequently used in industrial molding applications
due to its mechanical and thermal properties. Electric Discharge Machining (EDM) is a preferred
method especially for the machining of parts with complex geometry and high dimensional
precision. In this study; the effects of machining parameters on hole diameter and surface quality
were investigated experimentally when drilling hardened AISI H13 hot work tool steel using
different machining parameters (current, pulse on- time, electrode material) by electric discharge
machining method. The experimental design was developed with the Taguchi method,
experimental parameters were determined using the L7 orthogonal array. In the experimental
design; three different electrode material (Copper, Graphite, Tuncop), three different pulse-on
times (200, 300, 400 ps), three different currents (4, 8, 12 A), 0.5 mm depth of cut and 50 ps pulse-
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of time was used as machining parameters. Experimental results were evaluated by using analysis
of variance (ANOVA) and signal/noise (S/N) ratio. As a result of the study, it was determined that
the machining parameters have an effect on the dimensional accuracy of the hole diameter.
Processing parameters that the required to obtain the hole diameter closest to the electrode
diameter was determined as A3Bi1Ci (Copper - 200 ps - 4 A) using Signal/Noise ratios. When the
ANOVA results were evaluated, it was determined that the most effective machining parameter
on the dimensional accuracy of the hole diameter as the electrode material, and the least effective

machining parameter was the pulse-on time.

https://dx.doi.org/10.30855/gmbd.2021.02.03

1. INTRODUCTION (GIRis)

Sicak is takim celikleri, 6zellikle yiiksek sicaklik
gerektiren  endiistriyel uygulamalarda  siklikla
kullanilan malzemelerden birisidir. Sicak ig takim
celikleri, dovme kalipg¢iligi, hafif metal ekstriizyonu
ve yliksek basingli dokiim gibi kalipgilik sektoriinde
tercih  edilmektedir.  I¢yapisindaki  igerdikleri
elementlere gore krom, molibden ve tungsten esasli
olmak iizere ii¢ gruba ayrilmaktadir [1]. Kimyasal
alasimlarindan dolayr sagladiklar1 dayanim avantaji
sayesinde, yliksek sicakliklarda gergeklestirilen metal
ve metal olmayan malzemelerin sekillendirilmesinde
kullanilmaktadirlar [2]. En uygun sicak is takim
celiginin belirlenmesinde, maliyetinin yaninda igleme
sartlart ve liretim parametreleri gibi kriterler dikkate
almmaktadir. AISI H13 sicak is takim c¢elikleri,
yiiksek sicakliklarda mekanik ve termal 6zelliklerini
koruduklarindan, yeterli plastik deformasyon ve
distorsiyon direnci gosterdiklerinden dolay1 sicak
dovme kaliplarinda yaygin olarak kullanilirlar [3].

Elektro erezyon yontemi ile isleme (EDM),
karmagik ve oOlgli hassasiyeti yiiksek pargalarin
islenmesinde  kullanilmaktadir.  Ayrica,  sert
malzemeler ve hassas isleme icin 6zellikle tavsiye
edilmektedir [4]. Bahsedilen avantajlart dikkate
alindiginda EDM isleminin kalipgilik i¢in en uygun
imalat yontemlerinden birisi  oldugu aciktir.
Endiistriyel kaliplarin islenmesinde, yiizey kalitesi ve
0lcii tamlig1 en 6nemli ¢ikt1 parametrelerinin basinda
gelmektedir. Yiizey kalitesi, biiylik oranda isleme
parametrelerine bagl olarak degisen ve kalipgilik
bilesenlerinin kullanim émrii {izerinde etkili olan bir
faktordiir [2- 5]. Olgii tamhig1 ise, seri iiretim icin
kullanilan kalipgilik {iriinlerinin {iretiminde, iiretim
kaynakli hatalarin oniine gegilmesi agisindan ¢ok
onemli bir konudur. Delik delme isleminde, isleme
parametrelerinin etkisiyle istenmeyen sekil hatalar1 ve
dlciisel hatalar meydana gelmektedir. Ozellikle talagh
imalat yontemlerinde, isleme siirecinde ortaya g¢ikan
titresimler hem ylizey kalitesini hem de o6lgil
dogrulugu etkilemektedir. Bu sebeple EDM ydntemi
ile delik delme isleminde, isleme parametrelerinin
delme performansi iirerindeki etkisinin belirlenmesi

iizerinde ¢alisilmasi gereken bir konudur. Optimum
isleme parametrelerinin 6nceden tespiti, igleme
siresinin  kisaltilmasi, 6l¢ii  tamligi  ve yiizey
kalitesinin saglanmasi agisindan 6nem arz etmektedir.

Elektro erozyon isleme yonteminin isleme
performanst iizerine etkisi ile ilgili gerceklestirilen
akademik c¢alismalardan bazilar1  6zetlenmistir.
Jaharah ve arkadagslar, sertlestirilmis AISI H13 takim
celiginin elektro erozyon isleme performansini, bakir
elektrot ve farkli isleme parametreleri kullanarak
incelemislerdir.  Gergeklestirdikleri  deneylerde,
isleme parametrelerini akim siddeti (1, 2 ve 4 A),
vurum siiresi (3, 6 ve 12 ps) ve bekleme siiresi (1, 2
ve 4 us) olarak, c¢ikti parametrelerini ise ylizey
puriizliligii, elektrot ve malzeme asinmasi olarak
belirlemislerdir. Elde ettikleri sonuglari
degerlendirdiklerinde; ylizey piriizliligi icin
optimum isleme parametrelerinin ii¢ parametre i¢in de
en diisiik seviye oldugunu, en diisik malzeme
asinmasinin gerceklestigi optimum isleme
parametrelerinin ise yiiksek seviye akim siddeti, orta
seviye vurum siiresi ve diisiik seviye bekleme siiresi
olarak gerceklestigini  belirlemiglerdir.  Elektrot
agmmast ise; yiiksek akim siddeti, yiiksek vurum
siiresi ve diisiik bekleme siiresinde gerceklesmistir

[6].

Kuppan ve Narayanan, derin delik delme islemi
sirasinda elektro erozyon isleme parametrelerinin
delik  kalitesi  ozellikleri  {izerindeki etkisini
incelemiglerdir. Delik Kkalitesini incelemek igin,
Inconel 718 siiperalagimi numunelere 3,055 ile 3,316
mm arasinda degisen ¢aplarda 62 mm derinliginde
boydan boya delikler agmiglar ve yiizey piiriizlilligi,
radyal kesme ve delik profili parametrelerini
incelemislerdir. Deneysel sonuglar, akim siddeti ve
vurum siiresi gibi islem parametrelerinin yilizey
plriizliliginii  etkileyen Onemli  parametreler
oldugunu ve radyal kesme parametresinin sadece
vurum siiresinden etkilendigini tespit etmistir [7].

Hascalik ve Caydas, tel erozyon yontemi ile
yaptiklart g¢aligmalarinda farkli kesme modlarini
kullanarak sicak i kaliplarinin imalatinda kullanilan
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AISI 4340 celiginin mikro yap1 ve ylizey
plriizliliiginde  meydana  gelen  degisimleri
incelemiglerdir. Gergeklestirdikleri deneysel
caligmalarin sonucunda, isleme siirecinde olusan
ylksek sicakliktan dolayr numunelerin yiizey
bolgelerinde sert yapinm olustugunu tespit
etmislerdir. Ayrica, malzemenin yorulma dayanimini
azaltacak catlaklarin olustugunu gozlemlemislerdir

(8].

Ozek ve Ozel yaptiklar1 calismalarinda, tel
erozyon yontemi ile islemede kesme alanina bagh
olarak meydana gelen sertlik degisimi ve ylizey
plriizliliigiinii incelemislerdir. Deneysel c¢alismalar
icin disli ¢ark imalatinda yaygin olarak tercih edilen
C8620 c¢eligi kullanmiglardir. Yapilan ¢alismanin
sonucunda kesme metodu ve kesme alanina bagh
olarak kesme alan1t arttikca yiizey piriizlilik
degerlerinin ve malzeme sertliginin azaldigini, ark
stiresince elektrot telin ylizeyinde meydana gelen
kiigiik  kraterlerden dolay1 yiizey piiriizliliik
degerlerinin arttigini tespit etmislerdir [9].

Pramanik ve arkadaglari 6061 aliiminyum
alasiminin  tel elektro erozyon yontemi ile
islenmesinde malzeme asinmasi, yiizey kalitesi ve
elektrot aginmasi gibi bir dizi parametre iizerindeki
isleme parametrelerinin etkisini incelemislerdir.
Vurum siiresinin artmasiyla malzeme asinmasinin
arttigmi, vurum siiresinin  degismesinin  ylizey
plriizliliigiinii 6nemli 6l¢iide degistirmedigini tespit
etmiglerdir. Vurum siiresinin artmasi, elektrot
agmmasini arttirmis bu ise deligin iist tarafinda alt
tarafina kiyasla daha yiiksek ¢entik genigligine sahip
konik yuva olusturdugunu tespit etmislerdir [10].

Dave ve arkadaslari ayrica, elektro erozyon
yontemi ile 1100 aliiminyum alasimi malzeme
iizerinde agtiklar1 mikro delikleri incelemek igin
Taguchi metodolojisini  kullanmislardir. Deney
tasarimlarinda girdi parametrelerini aralik voltaji,
vurum siiresi, elektrot boyutu ve elektrot rotasyonu
olarak, c¢ikti parametrelerini ise iist yaricap, alt
yarigap, konik ag¢1 ve elektrot asinmasi olarak
belirlemiglerdir [11].

Literatiir ¢alismalart incelendiginde, isleme
parametrelerinde gerceklestirilen optimizasyonun,
EDM yontemini daha kararli hale getirdigi
goriilmektedir. Ayrica calismalar, sicak is takim
celiklerinin EDM ile islenmesine iliskin ¢esitli girdi
ve ¢ikt1 parametreleri arasindaki iliskiye dair bilgiler
sunsa da, temeldeki mekanizmalar hakkinda ¢ok fazla
bilgi vermemektedir. AISI HI13 Sicak is takim
¢eliginin daha ¢ok yiizey piiriizliliigii, takim aginmasi

ve malzeme asinma miktar ile ilgili ¢alismalarin
gerceklestirildigi goriilmektedir. Bu ¢alismada AISI
H13 sicak is takim celiginin elektro erozyon isleme
yontemi ile islenmesinde, farkl isleme
parametrelerinin malzeme yiizey kalitesi, elektrot ve
deligin  ol¢li  dogrulugu  iizerindeki  etkisi
arastirilmistir.

2. EXPERIMENTAL METHODS (DENEYSEL
YONTEMLER)

Deneyler ISO 11090-1:2014 standardina uygun
olarak tek siitunlu KING marka elektro erozyon
tezgdhinda gergeklestirilmistir. Dielektrik akiskan
olarak Petrofer Dielectricum 358 mineral bazli yag
kullanilmigtir. EDM yontemi sematigi Sekil 1’de
verilmigtir.

Servo Motor \

A Hareketli Kafa
+
“ Dielektrik Stv1 Tankt
v
D(; Giig Dielektirk Stv1
Saglayict Elektrod '\:'J

IsParcast 4

Hareketli
Tabla

—

Sekil 1. EDM Tezgahi ¢aligsma sematigi
(EDM Machine working schematic)

Deneysel c¢alismada ©20 mm X 20 mm
boyutlarinda sertlestirilmis (54 HRC) AISI H13 sicak
is takim ¢eligi kullanilmis olup, malzemenin kimyasal
bilesimi Tablo 1'de verilmistir.

Tablo 1. AISI HI3 sicak is takim ¢eliginin
kimyasal bilesimi (% Agirlik) (Chemical composition of
AISI HI3 hot work tool steel (% by weight))

C Mn Cr Mo A% W Diger
0,39 0,4 53 1,3 0,9 - Si 1,0

AISI H13 sicak i takim ¢eligi malzemesinin EDM
yontemi ile igslemesinde, delik igsleme kalitesi tizerinde
elektrot tiirlinlin etkisini belirleyebilmek amaciyla {i¢
farkli elektrot malzemesi kullanilmistir (Sekil 2).
Elektrot malzemelerinin seciminde, imalat
sanayisinde en ¢ok kullanilan bakir ve grafit elektrot
malzemesine ek olarak Tuncop elektrot malzemesi
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tercih edilmistir. Belirlenen elektrot malzemeleri @12
mm X 200 mm o6l¢iilerinde kesilerek kullanilmistir.

ﬁ Bakr
q a0

Sekil 2. Deneysel ¢aligmalarda kullanilan elektrot
malzemeleri (Electrode materials used in experimental studies)

2.1. Experimental Design (Deneysel Tasarim)

AIST H13 sicak is takim geliginin EDM ydntemi ile
islenmesinde farkli isleme parametrelerinin belirlenen
cikt1 parametreleri lizerindeki etkisini belirleyebilmek
amactyla deneysel tasarim  gerceklestirilmistir.
Deneysel tasarimda girdi parametreleri olarak ii¢
farkli elektrot tipi, ii¢ farkli vurum siiresi, ti¢ farkli
akim siddeti), 0,5 mm talas derinligi ve 50 us bekleme
stiresi, ¢ikti parametreleri olarak ise delik ¢ap1 ve
ylizey  kalitesi  olarak  belirlenmistir.  Girdi
parametreleri ve alt seviyeleri literatiir arastirmasi
sonucu belirlenmistir (Tablo 2).

Tablo 2. Deneysel ¢alismada kullanilan isleme
parametreleri (Processing parameters used in the experimental

study)
P —_— Sembol Sexilye Se\;ye Se\;ye
Elektrot A Bakir Grafit TunCop
Vurum stiresi B 200 300 400
(ps)
Akim (A) C 4 8 12
Felsleme i 50
stiresi (us)
Talas
Derinligi - 0,5
(mm)
Alt seviyeleri bulunan girdi parametreleri

calismanin devaminda Tablo 2°de verilen harflerde
sembolize edilmistir. Belirlenen isleme parametreleri
ile Taguchi L27 ortoghonal dizi kullanilarak deney
tasarimi olusturulmustur. Olusturulan deney tasarimi
Tablo 3’de verilmistir.

Belirlenen deneysel tasarima uygun olarak
gergeklestirilen deneyler sonucunda elde edilen
numunelerin delik kalitesinin ve delik ¢aplarmin
belirlenmesinde DINO-LITE AM7915MZT — EDGE
optik mikroskop kullanilarak ii¢ noktadan gecen bir
daire c¢izilerek {i¢ Ol¢iim gerceklestirilmis ve
ortalamalari delik ¢ap1 olarak alinmustir.

Tablo 3. Taguchi Loy ile belirlenen deneysel tasarim
parametreleri (Taguchi L; experimental design parameters)

S Elektrot Akim | Vurum

ira N

No Siiresi
E1 Ez E3 (A) (us)
1 Bakir Grafit | Tuncop 4 200
2 Bakir Grafit | Tuncop 4 300
3 Bakir Grafit | Tuncop 4 400
4 Bakir Grafit | Tuncop 8 200
5 Bakir Grafit | Tuncop 8 300
6 Bakir Grafit | Tuncop 8 400
7 Bakir Grafit | Tuncop 12 200
8 Bakir Grafit | Tuncop 12 300
9 Bakir Grafit | Tuncop 12 400

Delik yilizey durumunun ve kalitesinin daha
ayrintili olarak belirlenmesi igin ise numuneler
Quanta FEG 251 marka taramali1 elektron mikroskobu
(SEM)’'nda incelenmistir. Isleme parametreleri ile
cikti parametreleri arasindaki iliskinin ve optimum
isleme parametrelerinin  belirlenmesi  amaciyla,
deneysel sonuglar Taguchi yontemi ile analiz
edilmigtir.

3. RESULTS AND DISCUSSION (SONUCLAR VE
TARTISMA)

3.1. The Effect of Machining Parameters on Hole

Diameter (isleme Parametrelerinin Delik Cap1 Uzerindeki
Etkisi)

AISI H13 sicak is takim g¢eliginin EDM yo6ntemi ile
farkli igleme parametreleri kullanilarak islenmesi
sonucu olusan deliklerin 6lgiimleri yapilmis ve Sl¢ii
dogruluk degerleri belirlenmistir. Gergeklestirilen
deneyler sonucu elde edilen numunelerin delik ¢ap1
6l¢iim sonuglar1 Tablo 4’de verilmistir. Maksimum ve
minimum delik ¢ap1 elde edilen numunelere ait optik
mikroskop goriintiileri Sekil 3* de gosterilmektedir.

Tablo 4’ de gosterilen verilerin igleme
parametrelerine gore karsilastirilmast igin veriler
Sigmaplot yazilimi1 kullanilarak grafik haline
getirilmistir. Farkli vurum siireleri i¢in, farkli elektrot
malzemelerinin olusturduklari delik ¢aplarini gésteren
grafikler Sekil 4’te verilmistir.
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Tablo 4. Deneysel tasarima gore elde edilen delik ¢aplar1 (Hole diameters obtained according to the experimental design)

Sira  Akim Vurum Elektrot Delik Cap1 (mm)

No (A)  siresi(us) E; E; E; D, D, D;
1 4 200 Bakir  Grafit  Tuncop 13,066 13,220 12,880
2 4 300 Bakir  Grafit Tuncop 13,116 13,244 12,936
3 4 400 Bakir  Grafit  Tuncop 13,220 13,280 12,946
4 8 200 Bakir  Grafit  Tuncop 13,134 13,248 12,922
5 8 300 Bakir  Grafit  Tuncop 13,158 13,286 13,022
6 8 400 Bakir  Grafit  Tuncop 13,350 13,428 13,140
7 12 200 Bakir  Grafit  Tuncop 13,302 13,380 13,122
8 12 300 Bakir  Grafit  Tuncop 13,406 13,454 13,224
9 12 400 Bakir  Grafit  Tuncop 13,470 13,514 13,288

Delik gapt Bakir Eclf I;tftl(t)t Tuncop

Min.
Mak.

Sekil 3. AISI H13 numunelerine ait optik mikroskop goriintiileri (Optical microscope images of AISI H13 samples)

200 (us) 300 (ns) 400 (us)

13.6
= =—p— Bakw
135 1] o Gran
~ 13.4 {| - TunCop

E 133
8132

Ca

= 13.1
13.0
12.9

Deli

12.8
4 3 12 4 8 12

Sekil 4. Bakir, Grafit ve Tuncop elektrot malzemeleri ile islenen numunelerin dl¢iilen delik ¢aplarinin vurum

siiresi ve akim siddetine bagh olarak graﬁk gi')sterimi (Graphical representation of the measured hole diameters of the samples
processed with copper, graphite and Tuncop electrode materials, depending on the pulse duration and current intensity.)
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EDM tezgédhi ile 12 mm c¢apinda elektrot
malzemeler kullanilarak gerceklestirilen deneylerde 4
A akimda, elektrot ¢capina en yakin cap Olgiisiiniin
tuncop elektrot ile 200 ps vurum siiresinde islenen
numunede, en biiyiik ¢cap Ol¢iisiiniin ise grafit elektrot
ile 400 ps vurum siiresinde islenen numunede elde
edildigi elde edildigi belirlenmistir. 8 A akim ile
gerceklestirilen deneylerde, elektrot ¢apina en yakin
cap Olclisiiniin grafit elektrot ile 200 ps vurum
stiresinde islenen numunede, en biiyiik cap dl¢iisiiniin
ise tuncop elektrot ile 400 ps vurum siiresinde islenen
numunede elde edildigi belirlenmistir. 12 A akim ile
gerceklestirilen deneylerde ise, malzeme yiizeyinde
olusan en kii¢ilik delik capinin grafit elektrot ile 200 ps
vurum siiresinde, en biiyiik delik capmin ise bakir
elektrot ile 400 ps vurum siiresinde olustugu tespit
edilmistir.

Grafit Elekirot

Balar Elektrot

Ddik Cap (mm)
Dk Cop (mm)
=
= 2

¥,
L™ Sirec
LN

(g

Bakir elektrot ile 200, 300 ve 400 ps vurum
siiresinde gergeklestirilen deneylerde (Sekil 5) en
diistik delik ¢ap1 4 A akim 200 ps vurum siiresinde, en
biiytiik delik cap1 ise 12 A akim 400 ps vurum
siresinde  olugsmustur.  Grafit  elektrot ile
gerceklestirilen deneylerde, en diisiik delik ¢apinin 4
A akim 200 ps vurum siiresinde, en biiyiik delik
capmin ise 12 A akim 400 ps vurum siiresinde
olustugu  gOriilmiistiir.  Tuncop  elektrot ile
gerceklestirilen deneylerde ise elektrot capma en
yakin delik capinin 4 A akim 200 ps vurum siiresinde
ve en biiyiik delik ¢capinin ise 12 A akim 400 ps vurum
siiresinde olustugu optik mikroskop Olciimleri ile
belirlenmigtir. Farkli isleme parametreleri ile islenen
malzemelerde olusan deliklerin c¢aplarmin elektrot
malzemesine gore kiyaslamasi Sekil 3° de
gosterilmistir.

Tuncop Elektrot

Ddik Cap (mm)

1.6
m\\
\ 300
g,
“"'“‘si(m} 00

Sekil 5. Elektrot malzemelerinin vurum siirelerine bagli olarak farkli akim siddetine gore olusturduklar: delik

gaplarmln graﬁk gt’)sterirni (Graphical display of the hole diameters formed by the electrode materials according to the different current
intensity depending on the pulse duration.)

Sekil 5 de verilen grafikler incelendiginde bakir ve
grafit elektrot ile gerceklestirilen deneylerde 4 A akim
sonucu olusan deliklerin ¢aplarinin 8 A akim sonucu
olusan deliklere gore daha biiyiik olustugu, en biiyiik
delik c¢aplarinin ise 12 A akimda olustugu
belirlenmistir. Tuncop elektrot ile gergeklestirilen
deneylerde ise akim siddetinin artmasi ile tim vurum

siirelerinde delik ¢aplarinin diger elektrotlara gore
arttigt tespit edilmistir. Artan akim ve vurum
siirelerinde, bakir, grafit ve tuncop elektrot ile
gerceklestirilen deneylerde en kiigiik ve en biiyiik
delik capinin olustugu numunelerin SEM goriintiileri
Sekil 6° da gosterilmektedir.
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Bakir

En kiigiik delik ¢apinin olugtufu numune

Beyaz Katman

En biiyiik delik gapimin olugtugu numune

Sekil 6. Bakir, Grafit ve Tuncop elektrot ile gergeklestirilen deneylerde en kiigiik ve en biiyiik delik ¢apimnin
olustugu numunelerin SEM goriintiileri (SEM images of the samples with the smallest and largest hole diameters in the
experiments performed with copper, graphite and Tuncop electrodes.)

Farkli  isleme  parametreleri ile islenen
numunelerin delik yiizeyleri incelendiginde, delik
caplarin kiiciik olustugu numunelerin elektrotun ilk
temas ettigi kisimda kiiciik hasarlar olusturdugu,
biiyik delik ¢apinin  olustugu yiizeylerde ise
elektrotun ilk temas ettigi kisimda daha biiyiik
hasarlar olustugu goriilmektedir. Bu duruma AISI
H13 malzemenin EDM yontemi ile islenmesinde,
elektrot ile malzeme arasinda isleme sirasinda olusan
arklarin malzeme ylizeyine etki etmeye baslamasi
sonucu olusan kivileimlar ve sicakliktan dolayi
eriyen malzeme pargaciklarinin parca ylizeyine
akarak beyaz katman olusturmasi sebep olmaktadir
[12].

3.2. Evaluation of the Relationship Between
Processing Parameters and Qutput Parameters by
Using the Taguchi Method (isleme Parametreleri ve

Cikti Parametleri Arasindaki Iliskinin Taguchi Yiontemiile
Degerlendiilmesi)

Taguchi metodu, ortogonal deney tasarimini
kullanarak belirlenen deney parametreleri ve alt

seviyeleri ile gerceklestirilecek deney sayisini en aza
indirerek ¢ikti parametrelerinde avantaj saglayan bir
optimizasyon teknigidir. Bu teknikte elde edilen
veriler sinyal/giiriiltic (S/N) oranma ¢evrilir. S
parametresi  sinyal  faktoriinii  (ortalama), N
parametresi ise giriiltiiyli faktoriinii (standart sapma)
ifade etmektedir. Sinyal faktorii elde edilen deney
sonuglarimi, girilti faktorii ise deney deneylerde
dikkate alinamayan fakat sonuglar tizerinde etkisi olan
parametreleri ifade etmektedir. Giiriiltii faktoriini
olusturan parametreler, istenen optimum deney
sonucunun elde edilmesini engelleyen faktorleri
temsil eder [13-14]. S/N oraninin yorumlanmasinda
deney yonteminin karakteristigine bagli olarak ¢
farkli amag fonksiyonu kullanilmaktadir. Bunlar “en
biiyiik en iyi”, “en kiigiik en iyi”, “nominal en iyi”
amag¢ fonksiyonlaridir. Bu calismada delik capinin
elektrot capina en yakin dl¢lide olmasi istendiginden,
S/N oraninin degerlendirilmesinde “en kii¢lik en iyi”
amag¢ fonksiyonu secilmistir [15]. En kiiclik en iyi
yaklagimina goére S/N oraninin belirlenmesinde
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kullanilan formiilasyon Denklem 1’de verilmigtir. En
kiigiik en iyi:

S 1

% =—10log (321, v?) )
Denklem 2’de y, deneyde olgiilen isleme

parametresini, n degeri ise yapilan deney sayisini

ifade etmektedir.

En kiicik en iyi ama¢ fonksiyonuna gore
hesaplanan S/N analizi sonuglar1 Sekil 7 de
gosterilmektedir. S/N grafiginde dikeyde en {ist
noktada olan deger, en kiigiik en iyi amag
fonksiyonuna gore ideal olan isleme parametresini
gostermektedir [16].

Sekil 7 incelendiginde, elektrot ¢apina en yakin
delik c¢apmi elde etmek igin gerekli isleme
parametrelerinin - A3BIC1  olarak  gergeklestigi
belirlenmis ve bu parametrelerle gerceklestirilen
deney sonucunda delik ¢ap1 12,880 mm olarak elde

Nas, Zurnaci, Yildirim / Gazi Miihendislik Bilimleri Dergisi 7 (2). (2021) 99-110

edilmistir. Deneylerden elde edilen sonuglarin
istatistiksel analizi ile isleme parametreleri ve ¢ikti
parametreleri arasindaki iliskiden yola ¢ikarak
tahmini deney sonuglari hesaplamak miimkiin
olmaktadir. Belirlenen igleme parametrelerine gore
istatistiksel analiz sonucu hesaplanan tahmini delik
caplar1 (Predicted hole diameter- PreH) Tablo 5’de
verilmigtir.

S/N Oranlari igin Ana Etkiler Grafigi

Elektrot Alam (4) Varum Siiresi (us)

<2230
-22.35
-22.40

-22.45

S/N Oranlan Ortalamasi

2250

Sinyal-Gurdlti Orant: En kuguk en iyi

Sekil 7. S/N oranlari i¢in ana etkiler grafigi
(Main effects plot for S/ N ratios)

Tablo 5. Tahmini delik ¢aplar1 (Estimated hole diameters)

Sira

Elektrot Akim Vurum Tahmini Delik Cap1 (mm)
No stresi
E, E; E; (A) (ns) Pre H; Pre H, PreH;
1 Bakir Grafit Tuncop 4 200 13,080 13,217 12,868
2 Bakir Grafit Tuncop 4 300 13,119 13,242 12,933
3 Bakir Grafit Tuncop 4 400 13,201 13,284 12,960
4 Bakar Grafit Tuncop 8 200 13,119 13,249 12,934
5 Bakar Grafit Tuncop 8 300 13,169 13,285 13,011
6 Bakar Grafit Tuncop 8 400 13,352 13,427 13,138
7 Bakar Grafit Tuncop 12 200 13,301 13,381 13,121
8 Bakar Grafit Tuncop 12 300 13,390 13,456 13,237
9 Bakir Grafit Tuncop 12 400 13,485 13,510 13,275
Deneysel test sonuglar1 ve tahmini deney sonuglar 138 — ogn

icin  olusturulan ikinci dereceden  regresyon B s s

denklemleri  karsilastirilarak,  tahmini  deney g

sonuglarinin  deneysel test sonuglarmi karsilama i 13.3

durumu belirlenmistir. Sekil 8’de deneysel ve tahmini 3 132

test sonucu elde edilen ve %95 giiven diizeyinde § 131

olusturulan regresyon egrilerinin  kiyaslanmasi 130 o

12.9 "’/;" S 0.0099015

gosterilmigstir. Elde edilen sonugclar, tahmini olarak
belirlenen delik caplarmin deneysel test sonuclarina
oldukea yakin olarak hesaplandigini gostermektedir.

R-Sq
R-Sq(adj)

12.8
12.8 129 13.0 13.1 132 133 134 135

99.7%
99.7%
Tahmini Delik Cap1 (mm)
Sekil 8. Deneysel ve tahmini deney sonuglarin
grafiksel olarak karsilastirilmasi (Graphical comparison

of experimental and predictive results)
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3.3. Anova Analysis (4nova Analizi)

Anova, kontrol faktorlerinin Dbirbirleri ile
etkilesimlerini  belirlemek icin yaygm olarak
kullanilan istatiksel bir yontemdir [17]. Anova analizi
ile, isleme parametrelerinin segilen cikti degerleri
iizerindeki etkisi ve isleme parametrelerine ait alt
seviyelerin ¢ikti parametrelerini nasil etkiledigi
belirlenebilmektedir. Bu ¢aligmada ise, farkli isleme
parametrelerinin delik c¢apt olusumu {izerindeki

etkisini belirlemek amaciyla kullanilmistir. Deneysel
test sonuglart ile %95 giiven diizeyinde
gerceklestirilen Anova analizi sonuglart Tablo 6’da
verilmistir. Tabloda isleme parametreleri i¢in elde
edilen P (anlamlilik) degeri, isleme parametreleri ile
deneysel test sonuglar1 arasindaki iliskinin anlamlilik
diizeyini gostermektedir. En diisiik P degerine sahip
olan isleme parametresi en etkili isleme parametresini
gostermektedir.

Tablo 6. Anavo analizi sonuglar1 (4navo analysis results)

Kaynak DF Seq SS Adj SS Adj MS F-Value P-Value
Elektrot Malzemesi 2 0,38342 0,38342 0,191709 144,03 0,000000000001
Akim (A) 2 0,29062 0,29062 0,145309 109,17 0,000000000017
Vurum Siiresi (us) 2 0,10394 0,10394 0,051969 39,04 0,000000124205
Error 20 0,02662 0,02662 0,001331
Total 26 0,80459

R-sq: 96,69%

Tablo 5 incelendiginde, delik ¢apina en fazla etki
eden isleme parametresinin elektrot malzemesi, en az
etki eden isleme parametresinin ise vurum siiresi
olarak ortaya ¢iktig1 belirlenmistir. Bunun nedeni
olarak ise elektrot malzemelerinin farkli kimyasal
bilesiminden kaynakli oldugu disiintilmektedir.
Isleme parametrelerinin etki oranlar1 yiizdesel olarak
incelendiginde ise elde edilen degerlerin grafiksel
gosterimi Sekil 9’ da verilmigtir. Etki oranlarinin

Hata

Vurum Siiresi (us) ,
30
13% o

Akim (A)
36%

yiizdesel olarak hesaplanmasinda Anova tablosunda
bulunan Seq SS (Sequential sums of squares) verileri
kullanilmistir.  Sekil 9 incelendiginde, elektrot
malzemesini etki oraninin %48, akim siddetinin %36
ve vurum siiresinin %13 olarak olustugu tespit
edilmistir. Istatistiksel hesaplamadaki hata pay1
oraninin ise %3 olarak olustugu belirlenmistir.

Elektrot
48%

W Elektrote ® Amper (A) ®Vurum Siiresi (us) Hata

Sekil 9. Isleme parametrelerinin ¢ikt1 degerleri iizerindeki etkisini gdsteren grafik (Graph showing the
effect of processing parameters on output values)

Regresyon analizleri, bir bagimli degisken ile bir
veya daha fazla bagimsiz degisken arasindaki
istatistiksel iliskinin matematiksel olarak
modellenmesi amaciyla kullanilmaktadir [18-21].

Deneysel test sonuglari kullanilarak elde edilen ve en
diisiik delik cap1 elde edilmesini hedefleyen dogrusal
regresyon denklemi katsayilart Tablo 7’de verilmistir.

Tablo 7. Regresyon denklemi (Regression equation)

Elektrot

Malzemesi

Bakir = 12,7697

Grafit = 12,8621 +0,03128 Akim (A) + 0,000757 Vurum stiresi (is)
Tuncop = 12,5761
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Elde edilen regresyon denklemi ayni ozellikteki
AISI HI13 sicak is takim celiginin farkli igleme
parametreleri ile islenmesinde igleme sonuglarinin
onceden tahmininde kullanilabilir. Bu sekilde
aragtirmacilar, zaman ve enerji kaybinin Oniine
gegebileceklerdir.

4. CONCLUSIONS (SONUCLAR)

Sertlestirilmis AISI H13 sicak is takim celiginin
farkli elektrot malzemesi ve isleme parametreleri
kullanarak EDM yontemi ile gergeklestirilen talag
kaldirma islemi sonrasinda olusan delik ¢aplari
deneysel ve istatiksel olarak incelenmis olup elde
edilen sonuglar 6zetlenmisgtir.

e 4 A akimda elektrot ¢apina en yakin delik
¢apinin tuncop elektrot malzemesi ile 200 ps
vurum siiresinde, en biiyiik delik ¢apinin
grafit elektrot malzemesi ile 400 us vurum
siiresinde islenen numunede olustugu,

e 8 A akimda elektrot capma en yakin delik
capinin grafit elektrot malzemesi ile 200 ps
vurum siiresinde, en biiylik delik c¢apinin
tuncop elektrot malzemesi ile 400 ps vurum
stiresinde islenen numunede olustugu,

e 12 A akim ile gerc¢eklestirilen deneylerde en
yakin delik capimnin grafit elektrot ile 200 ps
vurum siiresinde, en biiyiik delik ¢apinin
bakir elektrot ile 400 ps vurum siiresinde
islenen numunede olustugu,

e Bakir elektrot ile farkli vurum siirelerinde
gergeklestirilen deneylerde, en yakin delik
¢apinin 8 A akimda 200 ps vurum siiresinde,
en biiyiik delik ¢apinin ise 12 A akimda 400
us vurum siiresinde olustugu,

o QGrafit elektrot ile gerceklestirilen deneylerde
en yakin delik capinin 4 A akimda 200 ps
vurum siiresinde, en biiyiik delik ¢apinin ise
12 A akimda 400 ps vurum siiresinde
olustugu,

e Tuncop elektrot ile  gergeklestirilen
deneylerde elektrot capina en yakin delik
¢apinin 4 A akimda 200 ps vurum siiresinde,
en biiyiik delik ¢apinin ise 12 A akimda 400
us vurum siiresinde olustugu,

e Numunelerin delik yiizeylerinin SEM
goriinttileri  incelendiginde, numunelerin
elektrot ile ilk temas ettigi bolgelerde
arklarin kiigiik hasarlar olusturdugu, biiytik

delik capmin olustugu yiizeylerde ise
elektrotun ilk temas ettigi alanlarda arklarin
hasarlarinin daha biiyiik olustugu,

e AISI H13 sicak is takim celigi malzemesinin
elektro erozyon tezgahinda islenmesi
strasinda olugan arklarmn olusturdugu yiiksek
sicakliktan dolay1 malzeme yiizeyinde beyaz
katman olustugu,

o Gergeklestirilen istatistiksel analizler
sonucunda, elektrot ¢apma en yakin delik
capmin elde edildigi ideal isleme
parametrelerinin A3B1C1 (Bakir-200 ps -4
A) parametreleri ile gerceklestirilen deneyde
olusacagi,

e Anova analizi sonuglari incelendiginde ise,
delik capma en fazla etki eden isleme
parametresinin elektrot malzemesi, en az etki
eden isleme parametresinin ise vurum siiresi
olarak gerceklestigi tespit edilmistir.
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Sifirin altindaki sicakliklarda malzemelerin bekletilmesi olarak bilinen kriyojenik islem, son
yillarda metal ve metal olmayan malzemelerin mekanik 6zelliklerini iyilestirmek i¢in uygulanan
bir yontemdir. Bu ¢aligmada, Sleipner soguk is takim c¢eligi iizerinde s1g kriyojenik islemin
etkilerinin neden oldugu degisimler makro sertlik, mikro sertlik, mikroyap1 ve kalint1 dstenit
hacim orani yoniinden aragtirilmistir. Bu amagla deney numuneleri 6nce geleneksel 1sil iglem ile
sertlestirilerek 60-62 HRC degerine getirilmis ardindan -80 °C sicaklikta 18 saat siireyle sig
kriyojenik islem uygulanarak, 200 °C’de 2 saat boyunca temperleme yapilmistir. Geleneksel 1s1l
islem uygulanmis numunenin kalinti Ostenit hacim oram1 % 3,6 iken, kriyojenik islem
uygulanmis numunenin orant % 1,4 olarak dl¢iilmiistiir. Kalint1 dstenit 6l¢lim sonuglarina gore
Ostenit hacim oraninda yaklasik % 61 oraninda azalma tespit edilmistir. Sertlik sonuglara goére
s1g kriyojenik iglem gérmiis numunede makro sertlikte % 2 ve mikro sertlikte % 7°lik bir artig
goriilmiistiir. Mikroyap: incelemelerine goére kriyojenik islem ile daha homojen bir yapi
gbzlemlenmis ve ikincil karbiir ¢okelmeleri goriilmiistiir.
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Cryogenic process, known as holding materials at sub-zero temperatures, is a method applied in
recent years to improve the mechanical properties of metal and non-metal materials. In this
study, the changes caused by the effects of shallow cryogenic process on Sleipner cold work tool
steel were investigated in terms of macro hardness, micro hardness, microstructure and residual
austenite volume ratio. For this purpose, the test samples were first hardened by conventional
heat treatment and brought to 60-62 HRC value, then by applying shallow cryogenic process at -
80° C for 18 hours, tempering was performed at 200 ° C for 2 hours. While the residual austenite
volume fraction of the conventional heat treated sample was 3.6%, the rate of the cryogenically
treated sample was 1.4%. According to the measurement results of retained austenite, it has been
determined that the austenite volume decreased by 61%. An increase of 2% in macro hardness
and 7% in microhardness were observed in the shallow cryogenic processed sample according to
the hardness results. According to the microstructure studies, more homogeneous structure was
observed with the cryogenic process and secondary carbide precipitation was observed.

https://dx.doi.org/10.30855/gmbd.2021.02.04

*Correspondign author: fuatkara@duzce.edu.tr

To cite this article: Ozbek, N.A. and Sarag, E. “Effects of Tempering Heat Treatment Temperatures on Mechanical
Properties of AISI 1020 and AISI 1040 Carbon Steels,” Gazi Journal of Engineering Sciences, vol.7, no.2, pp. 111-120,
2021. doi:https://dx.doi.org/10.30855/gmbd.2021.02.04


https://orcid.org/0000-0001-8566-3433
https://orcid.org/0000-0001-8566-3433
https://orcid.org/0000-0001-8566-3433
https://orcid.org/0000-0001-8566-3433
https://orcid.org/0000-0002-3811-3081
https://orcid.org/0000-0002-8372-3487
https://orcid.org/0000-0002-8372-3487

112 El, Kara, Ozbek / Gazi Miihendislik Bilimleri Dergisi 7 (2). (2021) 111-120

1. GIRIS anTrODUCTION)

Teknolojinin  giiniimiizde yiiksek bir hizla
ilerlemesiyle birlikte farkli malzeme cesitlerine
duyulan ihtiyagta beraberinde artmigtir. Metallerin
mekanik  &zelliklerinin  iyilestirilmesi  amaciyla
duyulan bu ihtiyaca karsilik olarak o6zellikle takim
celiklerine uygulanmak iizere ¢esitli 1s1l iglem tiirleri
tercih edilmektedir [1]. Kalip imalatiin biiyiik
cogunlugunu kapsayan soguk is takim celikleri en
yaygin kullanilan takim celigi grubudur. Sleipner
soguk is takim celigi, krom-molibden-vanadyum
alasimi barindiran, yiiksek sertlikte olmasina ragmen
yliksek  toklugu ile asmma  dayaniminda
konvansiyonel malzemeler ile karsilastirildiginda iyi
sonuglar elde etmek miimkiin olmaktadir [2]. Icerdigi
molibden elementi sayesinde bu celiklerin akma ve
¢ekme dayanimi  yaninda, yiiksek  sicaklik
performanslar1 da artmaktadir [3]. Sleipner soguk is
takim ¢eligi, krom-molibden-vanadyum alagimi
barindiran, yiiksek sertlikte olmasina ragmen yiiksek
toklugu ile asmma dayanmiminda konvansiyonel
malzemeler ile karsilastirildiginda iyi sonuglar
sergileyen yeni nesil takim celiklerinden biridir.
Sleipner soguk is takim celigi, vakum ortaminda
sertlesebilmekle birlikte yiiksek sertlik degerlerine
¢ikabilen, yiiksek alasimli olduk¢a iyi toklukla
birlikte yiikksek asmmma direncine ve kesme
yetenegine sahip, kolay 1sil islem yapilabilen, 1sil
islem esnasinda orta derecede boyutsal kararlilik
gosteren, kopmama ve dayanma giicliine sahip bir
celiktir. Bu ¢elikler aginma dayanimi yiiksek DIN
1.2379 c¢eligine alternatif olarak gelistirilmis ve
ekstriizyon, zimbalar, bask: plakalari, madeni esya,
yiiksek asinma direnci gerektiren plastik kaliplarin
imalatinda kullanilmaktadir.

Son yillarda 6zellikle takim ¢eliklerinin mekanik
Ozelliklerini iyilestirmek i¢in 1s1l iglemi tamamlayici
bir yontem olan kriyojenik islem yaygin bir sekilde
uygulanmaktadir. Isil islem sonrasi malzemeye
uygulanan kriyojenik islemin asinma direnci, sertlik,
darbe direnci, ¢ekme dayanimi, yorulma direnci,
mikroyap1, kalinti gerilme ve kalintt Ostenit gibi
birgok metaliirjik 6zelligi dnemli Sl¢lide iyilestirdigi
literatiirde belirtilmektedir [4]-[8]. Kriyojenik islem
s1g ve derin olmak iizere ikiye ayrilmig olup, -50 °C
ve -100 °C araligina s1g kriyojenik iglem, -125 °C ve
-196 °C de uygulanan yonteme ise derin kriyojenik
islem adi verilmektedir [9]-[14]. Geleneksel isleme
yontemleriyle sert malzemelerin islenmesi s6z
konusu oldugunda, takim aginmasi ve isleme zamani
verimli olmadig1 gibi ekonomikte olmamaktadir [15].
Kriyojenik islem takim Omriiniin iyilestirilmesi,
verimlilikte artig, kalint1 gerilmelerin azaltilmas1 gibi
sebeplerle kullanilmaktadir. Bir sefer yapilan ve
etkisi kalici olan kriyojenik iglemin, asinma ve darbe
etkilerine maruz birakilan takim ¢eliklerinin

performansini artirmasmin yani sira ekonomik bir
yontem olmasi da bu yoOntemi tercih sebebi
yapmaktadir [14], [16].

Kriyojenik islem {izerine literatiir arastirilmasi
yapildiginda, K. Amini vd. (2012) AISI D3 soguk is
takim celiginin farkli 1s1l islem prosesleri altinda
asmmma dayanimi1 ve mikroyapisi incelenmistir.
Numunelere uygulanan  Ostenitleme  igleminin
akabinde farkli sekillerde sogutularak
sertlestirilmistir. Ardindan numunelerin tamamina
derin kriyojenik islem uygulanmis ve temperleme
yapilmistir.  Deneysel sonuglarda, 1sil islem
zorlugunun artmasiyla birlikte kalintt  Ostenit
miktarinda azalmayla birlikte daha homojen karbiir
dagilmi ve karbiir yilizdesinde artis oldugu
gozlemlenmistir. Mikro yapilar incelendiginde daha
homojen ve daha ince karbiir dagilimi sivi nitrojen
icerisinde  sogutularak  sertlestirilen numunede
goriilse de aginma direnci ve sertlik bakimindan
etanol igerisinde sogutularak sertlestirilen numunede
en yiiksek degerler elde edilmistir [17]. Kriyojenik
islem uygulamasmin temperlenmis AISI M2, AISI
D2 ve X105CrCoMol8 ¢elikleri {izerindeki
mikroyapt ve mekanik Ozelliklerine olan etkileri
aragtirtlmistir. Calismanin sonucuna gore, i¢ ¢elik
tiirli de temperleme sonrasi kriyojenik islemin sertlik
ve elastisite modiilii degerlerinde degisiklik
gostermedigi  goriilmiistir. Diger yandan da
kriyojenik islem numuneler iizerindeki kalinti
gidermeleri azaltmakla birlikte kirilma toklugunu
artirtlmigtir. Ayrica mikroyapisinda ince homojen
dagilmig  ikincil karbiirlerin  ¢6kelmesini  de
saglanmigtir [18]. 80CrMo12 5 soguk is takim celigi
iizerinde yapilan arastirmada kriyojenik islemin
asinma davranisina olan etkileri incelenmistir. -
80°C’de si1g kriyojenik islem ve -196°C’de derin
kriyojenik islem olmak fiizere iki farkli sicaklikta
kriyojenik islem sicakligi kullanilmistir. Parametre
olarak alti farkli bekletme siiresi belirlenmistir.
Deneysel sonuglara gore, derin kriyojenik islemin
geleneksel 1si1l  iglem yOntemine goére asmma
yoniinden % 37-52 oraninda iyilesme gosterdigi
goriilmiistir. Hem si1g hem derin kriyojenik islem
uygulamasinin sertlik yoniinden sirasiyla yaklagik
olarak % 1 ile % 5 iyilesme sagladig tespit edilmistir
[19].

Literatiirde yapilan ¢aligmalara bakildiginda
kriyojenik islem uygulamalarinin olumlu sonuglar
verdigi goriilmigstiir. Fakat kriyojenik islemin
Sleipner soguk is taktim celiginin iizerindeki
mekanik 6zelliklerine etkilerini arastiran herhangi bir
calisma bulunamamistir. Bu calismada kriyojenik
islemin Sleipner soguk is takim celigi iizerindeki
makro sertlik, mikro sertlik ve kalint1 6stenit oranlari
incelenerek, malzemenin mekanik ozelliklerindeki
degisimler arastirilmigtir.
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2. MATERYAL VE METOT (MATERIAL AND
METHOD)

Bu calismada, Sleipner soguk is takim celigi CNC
torna tezgahinda islendikten sonra numunelerin
tamamina  geleneksel 1s1l  islem  yOntemleri
uygulanarak 60-62 HRC sertlige c¢ikarilmistir.
Kriyojenik islem 6ncesi uygulanan 1s1l iglemler Sekil
1’de gosterilmistir. Ardindan aragtirmanin gerekliligi

olan numuneye sig kriyojenik islem uygulanmis ve
akabinde temperleme yapilmistir. Uygulanan sig
kriyojenik islem ve temperleme islemi Sekil 2’de
grafiksel olarak gosterilmistir. Sleipner soguk is
takim ¢eliginin kimyasal bilesenleri Tablo 1’de
gosterilmigtir. Kriyojenik islem Sekil 3’te gosterilen
MMD Criyo 125 marka kriyojenik islem cihazi ile
yapilmis olup bu cihaza ait teknik ozellikler ise
Tablo 2’de yer almaktadir.

Tablo 1. Sleipner celiginin kimyasal bilesenleri (%) (Chemical components of Sleipner steel (%))

C Si Mn Cr Mo A%
0.90 0.90 0.50 7.8 2.5 0.50
1100
1000
900
o 800
< 700
4 600
< 500
& 400

300
200
100

012 3 45 6 7 8 9 1011

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Zaman (saat)

Sekil 1. Kriyojenik islem 6ncesi uygulanan 1s1l islem grafigi (Chart of heat treatment applied before cryogenic treatment)

250
200
150
100

50

0
-50

Sicaklik (°C)

-100

012 3 45 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24

Zaman (saat)

Sekil 2. S1g kriyojenik islem ve temperleme islemi egrisi (Shallow cryogenic treatment and tempering treatment curve)

Sekil 3. Kriyojenik islem cihazi (Cryogenic treatment device)
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Tablo 2. Kriyojenik islem cihazinin teknik dzellikleri (Technical specifications of the cryogenic process device)

I¢ olgiiler 60 cm L x 50 cm W x 50 cm D
I¢ hazne 304 paslanmaz celik

Yalitim 15 cm ¢ok katmanli yalitim
Kapasite < 100kg

Kontrol

Sicaklik sensorii PT100
LN2 kaynag1

LN2 Transfer Baglantisi
LN2 Dozajlama Selenoid valf
<-190°C

+2°C

Islem Sicaklig
Sicaklik dagilimi

Sogutma-Isitma Hizi

Dokunmatik ekranli programlanabilir PLC kontrol

Orta veya yiiksek basingli sivi azot kaplari ile kullanilabilir

180cm esnek, yalitimli kriyojenik siv1 transfer hortumu

> 10 °C/ dk (malzeme yiikleme kapasitesine gore degisebilir)

Calismada deney numuneleri iki  gruba
ayrilmistir. Her iki gruptaki numuneler, geleneksel
1s1l isleme tabi tutularak 60-62 HRC sertligine
cikarilmigtir. Birinci gruba uygulanan islem sadece
geleneksel 1s1l islem iken, ikinci gruptaki numuneler,
geleneksel 1s1l iglemden sonra si1g kriyojenik iglem (-
80 °C’de 18 saat) ve akabinde temperleme islemine
tabi tutulmustur. Temperleme islemi 2 saat siire ile
200 °C’de yapilmistir. Deney numunelerinin
smiflandirilmast ve uygulanan 1sil iglemler Tablo
3’te verilmistir.

Mikroyap1 caligmalarinda kullanilmak {izere 10
mm ¢apinda ve yiksekliginde numuneler
hazirlanmigtir. Bu numuneler geleneksel 1s1l islem ve
s1g kriyojenik iglemden sonra sirastyla 120, 240, 600,
800 wve 1200 grit SiC asmdiricilar  ile
zimparalanmistir. Daha sonra Nital soliisyonu ile
daglama iglemine tabi tutulmus ve optik mikroskop
altinda incelenmistir.

Tablo 3. Geleneksel 1s1l islem ve derin kriyojenik islem uygulamast (4pplication of conventional heat treatment and deep
cryogenic process)

Numune Numune

Grubu Adi Uygulanacak Isil Islem
1 CHT Geleneksel 1s1l iglem
2 SCT-24 Geleneksel Isil Islem + Derin kriyojenik islem (24 saat) + Temperleme islemi

Deney numuneleri iizerine uygulanan islemlerin
etkisini gorebilmek amaciyla mikro sertlik ve makro
sertlik deneyleri yapilmistir. Makro sertlik dl¢imleri
Time TH 300 marka makro sertlik cihazi ile
Rockwell C (HRC) sertlik 6lgme metodu kullanilarak
gerceklestirilmistir. Olciimlerin dogruluk kontrolii
icin ayn1 numune lizerinde 5 farkli bdlgeden sertlik
degeri alinmig olup bu degerlerin ortalamalar
almarak kullanilmigtir. Mikro sertlik Ol¢timleri
Metkon marka DUROLINE-M model sertlik cihazi
kullanilarak ~ mikro sertlik ~ dlgme  iglemi
gergeklestirilmistir. XRD yontemi ile
malzemelerdeki kalinti Ostenit hacim oranlari
Olciilerek, numuneler tizerindeki iglem farkliliklarina

gore numuneler arasindaki farkin tespit edilmesi
amactyla, kalint1  Ostenit  Olgiimleri  Atilim
Universitesi

Metal Sekillendirme Miikemmeliyet Merkezi’nde
yaptlmigtir. Kalint1 &stenit degerlerine kriyojenik
islem uygulamasiin dogrudan etkilenmesi sebebiyle
malzemenin kalinti Ostenit degerlerinin Olgiilmesi
onem teskil etmektedir [20]. Kalint1 Gstenit testi
SEIFERT Analytical X-ray MZ VI marka X-1g1mn1
difraksiyon cihazinda gergeklestirilmis olup cihaz,
Sekil 4’te verilmistir. Caligmada kalint1 dstenit hacim
oraninin  belirlenmesinde kullanilan  dlglim
parametreleri Tablo 4’te verilmistir.
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Tablo 4. Kalint1 6stenit dl¢lim parametreleri (Residual austenite

measurement parameters)

Sekil 4. X-1g1n1 difraksiyon cihazi (X-Ray

diffraction device)

Odak noktast Y1lmm x 135 mm kolimator
Hassas konum dedektori Aktif aralik: 16,4°
Anot malzemesi Cr
Filtre Vanadyum
Tiip voltaji 30 kV
Tiip akimi 55 mA
Aralik: 62°-74°
Tarama 1 Coziiniirlik: 0,05°
Olgiim siiresi: 2 dakika 24 saniye
Aralik: 74°-84°
Tarama 2 Coziiniirlik: 0,05°
Olgiim siiresi: 1 dakika 30 saniye
Aralik: 101°-110°
Tarama 3 Coziiniirlik: 0,05°
Olgiim siiresi: 1 dakika 30 saniye
Aralik: 121°-137°
Tarama 4 Coziiniirlik: 0,05°
Olgiim siiresi: 3 dakika

3. BULGULAR VE TARTISMA (RESULTS AND
DISCUSSION)

Kalinti 6stenit kriyojenik islem uygulanmisg
malzemelerin degisim 6zelliklerini agiklayan 6nemli
metaliirjik yontemlerden biridir. Kalinti 0Ostenitin
martenzite  doniisimii  malzemelerin  mekanik

istenmeyen bir durumdur. Bunun nedeni kalinti
Ostenit sertlik basta olmaz iizere, mekanik
ozelliklerin tamamini olumsuz olarak etkilemektedir.
Bu sebeple kalinti Ostenitin martenzite doniisiimii
gereklidir. Sekil 5°te Sleipner soguk is takim ¢eligine
uygulanan s1g kriyojenik isleminin ardindan yapidaki

. 11 C . . L kalint1  Ostenit hacim  oranlarindaki  degisim
ozellikleri iizerinde biiyiik etkiye sahiptir. Yumugak verilmistir Els
bir faz olan kalinti Ostenitin sert bir faz olan sur.
martenzit fazi ile beraber yapida bulunmasi
6 -
5 4
¥
=4
s
Q
g3
©
E 2
g
1]
o 4
CHT SCT-18

Sekil 5. Kriyojenik islemin kalint1 Gstenit hacim oranina etkisi (Effect of cryogenic treatment on residual austenite volume

Sekil 5°te gorilen CHT numunesi igin kalinti
Ostenit hacim orant % 3,6 olarak bulunmustur. SCT
numune iizerinde kalint1 dstenit oran1 % 1,4 olarak
bulunmustur. SCT-18 numunesi CHT numunesi ile
karsilagtirildiginda kalint1 6stenit hacim oranindaki
azalma yaklasgik olarak % 61°dir. Bu sonug,
geleneksel isleminin  uygulanmasinin  ardindan
yapilan kriyojenik iglem uygulamasinin istenmeyen
faz olan yumusak kalint1 &stenit fazinin, daha sert bir
faz olan martenzit fazina doniistiirmede biiyiik basari

ratio)

sagladigin1  gostermektedir. Bu durum literatiir

arastirmalariyla da paralellik gostermektedir.

Yiiksek alasim ve karbon igeren takim celikleri
iizerinde uygulanan kriyojenik islem ile ardindan
yapilan temperleme isleminin yapidaki kalinti
Ostenitin martenzit fazina doniistiigii belirtilmigtir
[21]. Kriyojenik islem uygulanmasinin kalint1 &stenit
hacim oraninda % 30-40 oraninda diisiis sagladig
tespit edilmigtir [22].
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Sertlik Olclimleri, mekanik ozelliklerin
incelenmesinde diger yontemlere goére daha ¢ok
tercih edilmektedir. Deneyin basit ve diger
yontemlere gore malzeme lizerinde daha az tahribat
olusturmasi kullanim oranmni artirmaktadir. Celik
malzemelerde sertlik ¢gekme mukavemeti ile dogru
orantilidir. Dolayistyla malzemenin sertlik degerinin
bilinmesi diger mekanik 6zellikleri hakkinda da bir

Sleipner soguk is takim ¢eligi numunelerinin tiimiine
geleneksel 1s1l islem uygulanmis (CHT), ardindan 18
saat siireyle -80 °C’ de sig kriyojenik 1sil islem
uygulanmis (SCT-18) olup 2 farkli gruba ayrilmistir.
Sertlik Ol¢limleri numune TUzerindeki 5 farkhi
bolgeden yapilarak, bu degerlerin ortalamasi
almmistir. Makro sertlik 6l¢im sonuglar1 Sekil 6’da
verilmigtir.

degerlendirme yapilabilmesini saglamaktadir.
62 -
615 -
T
£ 61 -
=
T 60.5
s
Je: 60
[}
2
59.5 -
59 -
CHT
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Sekil 6. Kriyojenik islemin makro sertlik iizerindeki etkisi (Effect of cryogenic process on macro hardness)
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Sekil 7. Kriyojenik islemin mikro sertlik tizerindeki etkisi (Effect of cryogenic treatment on micro hardness)

Yapilan sertlik test sonuglari incelendiginde,
geleneksel 1s1l iglem sonrasinda uygulanan kriyojenik
islem ve akabindeki temperleme isleminin makro
sertlikte artisa neden oldugu tespit edilmistir. CHT
numunesinin  sertligi 60,2 HRC olarak tespit
edilmistir. SCT-18 numunesinin sertlik degeri ise
61,4 HRC olarak tespit edilmistir. Kriyojenik islem
uygulamasinin makro sertlik yoniinden SCT-18
numunesi tizerinde % 2 civarinda bir iyilesmeye
sebep oldugu goriilmistiir. Bu durum malzemenin
yapisinda istenmeyen kalinti stenit fazinin, sert faz
olan martenzite doniismesi ile iligkilendirilmistir. Bu
durum i¢in literatiire bakildiginda, arastirma
malzemesi olarak AISI 52100 rulman g¢eliginin
kullanildig1 ¢alismada yumusak bir faz olarak bilinen
kalint1 6stenit fazinin kriyojenik islem uygulanmasi

sonucunda, bu fazin daha sert bir faz olarak bilinen
martenzit fazina doniistiigii gdzlemlenmistir [23].

Baska bir calismada deneysel sonuglara gore,
kriyojenik islem uygulanan malzemede sertlikte %
22’°lik bir oranda artis oldugu tespit edilmistir [24].
Sekil 7’de elde edilen mikro sertlik degerlerinin
degisim durumu gosterilmistir.  Mikro  sertlik
sonuglarma bakildiginda CHT numunesinde 708,7
HV sertlik tespit edilmistir. SCT-18 numunesinin
sertlik degeri ise 755,6 HV olarak tespit edilmistir.
Kriyojenik islem uygulamasimi mikro sertlik
yoniinden SCT-18 numunesi iizerinde % 7 civarinda
bir sertlik artisina neden olmustur. Bu durum kalintt
Ostenitin, sert faz martenzite doOniismesine
atfedilmistir.
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Kriyojenik iglemin farkli bekleme siirelerinde
uygulandiginda sertlik yoniinden artisa neden oldugu
yoniinde yapilan deneysel caligmada, hem makro
hem mikro sertlik incelemeleri sonucunda 1.2080
soguk is takim celiginde sertlik artislar1 goriilmiistiir
[25]. AISI D2 malzemesi iizerinde uygulanan farkli
bekletme siirelerinde kriyojenik islem ile sertlik
degerlerinde artis oldugu gozlemlenmistir [26.]

Yapilan  sertlik  deneyleri  incelendiginde
kriyojenik islem uygulamasinin ve akabinde
uygulanan temperleme isleminin mikro ve makro
sertlik yoniinden malzemede olumlu sonuglar
sagladig1 goriilmiistiir. Literatiirde yapilan aragtirma
sonuclartyla da benzerlik gostermistir. Makro ve
mikro sertlik degerlerinde yasanan bu durum
kriyojenik igslemin en dnemli etkisi olan yumusak faz
kalint1 Ostenitin, sert faz olan martenzite doniismesi
ve karbiir ¢cokelmesi sebebiyle sertlikte artisa sebep
olduguna atfedilmistir. 3.3. Mikroyap1 Analizi
Sonuglar1 Sleipner soguk is takim c¢eligi iizerinde
uygulanan s1g  kriyojenik islemin etkilerinin
belirlenebilmesi  i¢in  numunelerin  mikroyapt

CHT

SCT-18

goriintiileri alinmustir. Yapilan mikroyapi1
analizlerinin sebebi uygulanan kriyojenik islemden
sonra mikro sertlik, makro sertlik, gibi mekanik
ozelliklerde olusan artis degerlerinin
aciklayabilmektir.

Celiklere uygulanan geleneksel 1s1l islemden
sonra kriyojenik islemin uygulanmasi durumunda
yapidaki kalinti Ostenitin martenzite doniistiigi
bilinmektedir.  Kriyojenik  islem  uygulanmis
malzemelerin yapilar1 gozlemlendiginde yapilarinin
daha yogun ve diizenli oldugu gorilmiistiir.
Kriyojenik islemin etkilerinden bir bagkasi ise yapida
meydana gelen martenzitin ayrismasi ve karbiir
¢Okelmesidir [27].

Bu c¢alismada arastirma malzemesi olarak
kullanilan Sleipner soguk is takim ¢eliginin CHT
numunesinin mikroyapisi incelendiginde Ostenit ve
martenzit fazlar1 goriilmiistiir. Uygulanan kriyojenik
islemden sonra SCT-18 numunesi incelendiginde
mikroyapidaki goriintiiler Sekil 8’deki gibi degisiklik
gostermistir.

Sekil 8. Sleipner soguk is takim ¢eligi mikro yap1 goriintlileri (Micro structure images of Sleipner cold work tool steel)

CHT numuneleri uniform birincil olmayan karbiir
dagilimi gostermisken, SCT-18 numunesinde ise
mikroyapidaki karbiirlerin daha homojen bir dagilim

gosterdigi, daha ince karblir ¢okelmesinin
gerceklestigi  goriilmektedir. Numuneler {izerinde
kriyojenik islem uygulanmis ve ardindan temperleme
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islemi  gerceklestirilmis  calismada, mikroyap1
incelemelerinde ¢ok daha ince partikiill dagilim
goriilmiistir  [7]. Mikroyap1 iizerine yapilan
aragtirmalara  bakildiginda,  farkli  bekletme
stirelerinde uygulanan kriyojenik islemin karbiir
ylizdesinde artigsa neden oldugu tespit edilmistir [25].
Genel bir degerlendirmeyle mikroyap:t goriintiileri
incelendiginde, uygulanan si1g kriyojenik islemin
celik tizerinde daha homojen bir yap1 sagladigi
goriilmiistiir. Kriyojenik islem ardindan yapilan
temperlemenin  ise  ikinci ince  karbiirlerin
cokelmesinde etkili oldugu goriilmiistiir. Bu sonugclar
literatiirde ~ yapilan  c¢alismalar ile  benzerlik
gostermektedir.

4. SONUCLAR ( CONCLUSIONS)

Bu c¢aligmada, Sleipner soguk is takim geliginin
iki farkli varyanti CHT ve SCT-18 numuneleri
olusturularak kalint1 6stenit hacim oranlari, makro ve
mikro sertlikleri, mikroyapilar1 {izerinde olusan
farkliliklar arastirilmigtir. Kalinti Gstenit Slglimleri
XRD yontemiyle incelenmis, mekanik ozellikler
makro ve mikro sertlik yoniinden aragtirilmis olup,
mikroyapt degisiklikleri ise SEM analizleri ile
incelenmistir. Elde edilen sonuglar agagida maddeler
halinde verilmistir.

e Kalint1 Ostenit hacim orami1 analizi sonunca,
SCT-18 numunelerinde yaklasik olarak % 61°lik
bir iyilesme goriilmiistiir.

e Metalografik sonuclara gore kalint1 Ostenit ve
mikroyapilar incelendiginde SCT-18
numunelerinde daha homojen bir mikro yap1 ve
daha iyi bir ikincil karbir ¢6kelmesi
gOriilmistiir.

e CHT ve SCT numunelerinin mikroyapilari
incelendiginde SCT numunelerine ait SEM

goriintiilerinde ~ Ostenit  fazinin  martenzite
doniistiirilmesinde basarili  bir sonug elde
edilmistir.

e SCT-18 numunesindeki martenzit fazi miktari
CHT numunesine goriilen martenzit fazindan
daha fazla oldugu gorilmistir. Bu durum
kriyojenik islemin kalinti Ostenit miktarinin
martezite donistiiriilmesinde basarili bir sonug
elde edilmistir.

e Kriyojenik islem gormils SCT-18 numuneleri
kriyojenik  igslemin  basarili  uygulanmasi
sonucunda elde edilen yiiksek martenzit fazina
bagli olarak mekanik 6zellikler yoniinden daha
basarili sonuglar vermistir. Sertlik deneyleri ile
bu durum desteklenmektedir.

e Makro sertlik sonuglarma gore CHT
numunelerinde 60,2 HRC, SCT-18
numunelerinde 61,4 HRC sertlik degeri

Ol¢iilmiistir. Mikro sertlik sonuglarina gore
CHT numunelerinde 708,7 HV, SCT-18
numunelerinde  755,6 HV sertlik degeri
Ol¢lilmustiir. SCT-18 numunelerinde makro
sertlik ve mikro sertlikte sirasiyla yaklasik
olarak % 2 ve % 7 oraninda bir artig
gorilmiistiir.

Bu calismada yapilan aragtirmalar sonucunda
Sleipner soguk is takim g¢eligine uygulanan si1§
kriyojenik iglem ile kalint1 dstenit oranlari, sertlik ve
mikroyapida olumlu iyilestirmeler goriilmiistiir.
Kriyojenik  islem  iizerine  yapilacak  yeni
caligmalarda, Sleipner soguk is takim g¢eligi icin
farkli bekleme siireleri ve sicakliklarda sig ve derin
kriyojenik islemin etkileri arastirilabilir.
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Sanayilesme ile artan giiriiltii seviyeleri insan sagligim olumsuz etkilemektedir. Ozellikle yiiksek
giiriiltilii igyerlerinde calisanlarin yiiksek giiriiltiiye maruz kalmasi ig¢i saghigmi olumsuz
etkilemektedir. Bu ¢aligmada, bir tekstil firmasinda dokuma tezgahu tiirli olarak kullanilan kumasg
polisaj tezgahmin giiriiltii ve titresim problemini azaltmak i¢in bir dizi ¢aligmalar yapilmistir.
Calisanlarin giiriiltilye maruz kaldiklar1 ¢aligma alaninda bulunan tezgahlardan kumas polisaj
makinesi, pilot ¢alisma tezgahi olarak secildi. Polisaj tezgahi ve ¢evresinin bazi noktalarindan
giiriiltii ve titresim Slgtimleri alinmistir. Alian titresim ve giiriiltii l¢timleri analiz edilerek polisaj
tezgahinin giiriiltii ve titresim seviyeleri ve karakteristikleri belirlendi. Makinenin giiriiltii
emisyonlarini azaltmak icin gesitli giiriiltii ve titresim izolasyon uygulamalar1 yapilmistir. Ofis
caligma alanina giiriiltii iletimini azaltmak i¢in ofisler ile kumas isleme alani arasina giiriiltii duvar
kuruldu. Fan kanallar1 ise ses yalitim malzemeleri ile kaplanmistir. Titresim kaynakli giiriiltiiyii
azaltmak i¢in tezgah ayaklarinin altina titresim izolasyonlu kauguk takozlar yerlestirilmistir. Ayni
kosullarda tekrarlanan 6l¢lim ve analizler sonrasinda, polisaj makinesinin giiriiltii ve titresim
seviyelerinin 6nemli 6l¢lide azaldigr gorilmiistiir.
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Increasing noise levels with industrialization adversely affect human health. Especially in high
noisy workplaces, the exposure of workers to high noise negatively affects worker health. In this
study, a series of studies have been carried out to reduce the noise and vibration problem of a
polishing bench, a weaving loom in a textile company. A fabric polishing bench in the working
area where workers are exposed to its loud noise was chosen as the pilot fabric machine. Noise
and vibration measurements were taken from some points of the polishing bench and its
surroundings. By analyzing the vibration and noise measurements taken, the polishing bench noise
and vibration characteristics were determined. Some noise and vibration isolation applications
have been implemented to reduce the noise emission of the bench. In order to reduce noise
transmission to the office workplace, a noise wall was set up between offices and the fabric
processing area. The fan ducts were covered with sound insulation materials. For reducing
vibration-induced noise, vibration isolation rubber pads are placed under the bench legs. After
repeated measurements and analyzes under the same conditions, it was observed that the noise and
vibration levels of the polishing bench were significantly reduced.
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1. INTRODUCTION (GIRis)

The increase in high mechanization and heavy
industry has brought the noise problem with it. Each
country has its own laws to protect workers from
exposure to noise. These laws require workplaces to
take the necessary precautions to protect the health of
employees from noise. Serious adverse effects of
workplace noise are physical, physiological,
psychological, performance loss, etc. It reveals effects
such as [1]. Especially noise-based disturbances are
common in iron and steel, printing and rolling workers
in addition to textile workers. Many improvements
have been made to regulate these adverse situations
occurring in the working environments of industry
employees around the world [2].

Due to all these negative effects, many studies
have been carried out on the negative effects of noise
caused by machinery and equipment. Noise-based
hearing loss is seen as an occupational disease that
occurs especially in textile workers. This situation
occurs with prolonged exposure to high sound levels.
In the industry, noise-based ailments are tackled by
using protective equipment such as hearing protection
equipment. In a study carried out by Jayawardana et
al., the quality of the noise level existing in a textile
factory and the distribution of the noise within the
factory are examined. Then, a mathematical model
was developed to estimate the noise distribution in the
factory, and the mathematical model was verified with
the noise data obtained in the factory by standard
methods. Finally, suitable noise control panels were
designed to prove the effectiveness of the noise
control method experimentally, and a pilot application
was carried out [3]. In another study, Noweir and
Jamil took noise measurements in different octave
bands in textile, printing, and paper production
industries and then identified the sectors with the
highest noise pollution.

As a result, based on the experimental results
obtained, recommendations for appropriate noise
control and worker protection for the sectors are
presented [4,5]. In another study, Talukdar conducted
a study on noise pollution and control in textile
factories in India [6,7]. Johnson proposed an
analytical model for the noise generated by the
vibrations of a weaving machine in his thesis. It has
been observed that the proposed analytical model does
not fully comply with experimental data obtained at
low frequencies but gives good results for octave
bands between 1000 Hz and 31500 Hz [8].
Alimohammadi and et al. researched the disturbances
caused by noise in workers working in the textile

industry. In the study under consideration, 162 textile
workers who were exposed to excessive noise were
selected. When the results obtained were evaluated, it
showed that educational intervention could cause an
increase in the noise problem by affecting their
attitudes among workers [9]. Navarro et al. examined
the acoustic performance of microcapsule reinforced
woven textile products using the filling technique.
Then, the sound absorption effects of 6 different
woven textile products with the same microcapsule
concentration were examined. The results obtained
showed that the change of sound absorption
coefficient of doped woven fabric was dependent on
the experimental setup, microcapsule concentration,
and fabric type [10]. In another study, Zaw et al.
conducted an experimental study on 226 employees
working in the weaving department of a textile
company to determine their exposure to noise levels
and their hearing loss. When the results obtained were
evaluated, it was determined that 66.4% of the
employees were exposed to noise above 85 dB and
hearing loss occurred in 25.7% of the employees
[11,12].

In addition to the textile industry, noise pollution
occurs in iron and steel factories due to the vibration
in machinery and equipment. As a result, workers
working in iron and steel companies are exposed to
this noise pollution. In a study conducted on
employees exposed to noise in iron and steel
companies, 468 employees who were exposed to noise
were selected. When the results obtained are
examined, 89% of the employees are exposed to noise
above acceptable sound levels. At the same time, it is
understood that 45% of these employees do not use
any protective equipment [13,14]. In another study
conducted in the iron and steel industry, Harmadji and
Kabullah conducted an experimental study to prove
that chronic exposure to high machine noise can lead
to noise-induced hearing loss in the employee. They
took sound measurements on randomly selected 50
workers (25 production employees, 25 management
employees) in the environment where they worked for
six months. When the results obtained are examined,
the average sound level in the production section was
measured as 102 dB and 60.4 dB in the control
section. It was determined that 4% more noise-based
hearing loss occurred in workers working in the
production department compared to the workers in the
management department [15,16,17].

Finally, Sriopas et al. conducted an experimental
study on hearing loss occurring in workers working in
the welding department of an automobile part
manufacturing company. When the results are
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examined, it confirms that exposure to noise levels of
90 dB and above increases the risk of hearing loss in
both ears. In addition to the results obtained, it has
been revealed that people who have worked for ten
years or more have a significant hearing loss in both
ears [18]. It is an obligation to control workplace noise
due to its stated negative effects on human health [2].
For this reason, legal regulations have been made in
many countries in order to keep the noise level in the
workplaces below the danger limits. Noise limit
values have been determined in most inducstrial
countries to control the noise and be protected from
the negative effects of noise in the workplaces. The
OSHA  (Occupational  Safety and  Health
Administration), which was implemented in the USA
in 1970 and is constantly updated, is taken as a
reference or applied by many countries. OSHA states
that the noise level in the workplace must be known.
At the same time, according to OSHA, if you feel the
need to raise your voice to be heard in 3 steps in the
workplace, the noise level of your environment may
be above 85 dB [19,20]. In this arrangement, the
periods that can be worked under the effect of
different levels of noise are given in Table 1.

Table 1. Permissible noise exposures in workplaces

(Isyerlerinde izin verilen giiriiltii seviyesi)

Duration per day Sound level dba slow

response

8 90

6 92

4 95

3 97

2 100
lor's 102
1 105

Vs 110

Y4 or less 115

According to CDC (The Center for Disease
Control), the health of 22 million workers worldwide
is affected by excessively noisy workplaces every
year. Even the loudest noises are preventable [21]. In
this study, noise and vibration analyzes of a loom used
for fabric polishing in a fabric production facility were
carried out. Various experimental setups have been
prepared to reduce the noise and vibration of the
counter. For this purpose, fans and air ducts are
covered with sound-absorbing materials. A noise
isolation wall was placed between the office and the
polishing machine in order to reduce noise
transmission. With the help of vibration measurement
and analysis results, in parallel with theoretical
calculations, antivibration rubber pad selection was

made for machine feet, and vibration-based machine
basic design was realized. According to the vibration
and noise measurements taken again after the
improvement works, it was determined that the noise
and vibration levels of the bench decreased
significantly.

2. MATERIAL AND METHOD (MATERYAL VE
METOD)

2.1. Study Area and Definition of the Case (Calisma
Alani ve Problemin Tanimlanmast)

In this study, the noise and vibration of a textile
polishing machine, which is an important source of
noise in terms of occupational and worker health in an
industrial textile factory, was selected as a research
subject. There are a large number of looms and
machines used for various purposes in the textile
production industry. An average of 3 workers works
at each workbench. The selected pilot worksite is the
noisiest work area in the company. Most of the
machines in the working area consist of benches such
as shearing, brushing, finishing, polishing, which are
used to give the fabrics a polished and shiny
appearance. There is also a work office in an area
close to the benches. Among these benches, the
position of the polrotor polishing bench, which is
close to the work office and where the most
complaints are concerned, is shown in Figure 1.

- r
WE i_' [T o
SCISSORS SCISSORS

Office 1

Office 2

DOST COLLECTOR

: | run|yuan|
| polnator
Office 3 —

Research and Development Offices

Figure 1. Location of polrotor polishing machine

(Polrotor polisaj makinesinin konumu)

The task of the Polrotor polishing machine is to
make the pile (polishing) and lift (embossing) of the
velvet-style pile (pile) fabrics. The machine under
consideration is the RN420A model of the Runian
company. The polishing bench is approximately
4150x4415 mm in size, with double polrotor
cylinders (rotating channel cylinder (see Figure 2), a
mass of approximately 6500 kg, and a power of 144
kW [22]. These polrotor cylinders can be rotated
in both
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directions and can be operated independently or
together.

Babyface velvet fabric has been chosen for the
polishing process. R The fabric given to the loom in
rolls enters the polrotor cylinders with polishing
blades on it, rotating at 1000 rpm and heated up to
180-200 oC, and leaves the loom in the direction of
the arrow shown in Figure 1 at a speed of 18 m / min.
Moreover, the working parameters of the machine are
given in Figure 3. Fabric particles coming out of dust
from the polrotor roller and sanding rollers are
transferred from the air ducts to the dust collecting
units near the machine by means of fans (Figure 4).

Figure 2. Fabric feeding input of the loom
(Tezgahin kumasg besleme girisi)

B
80

Figure 3. Working parameters of the polishing
machine (Polisaj makinesinin ¢alisma parametreleri)

Imbalances in the polrotor cylinder and other parts
of the machine, vibrations that occur due to the
machine being placed both directly and unevenly on
the floor, vibrations transmitted by other machines to
the floor, as well as the fan and air ducts are important
noise sources.

In order to make a preliminary evaluation, the
background noise levels of the work area and noise
measurements were taken on all benches, and it was
confirmed that the polrotor polishing machine was the

dominant noise source. In addition to that, it is known
from the literature that the most accurate noise
reduction technique is to reduce the noise of the
loudest machine. [23]. For this reason, noise reduction
studies have been carried out on this polishing
machine.

Figure 4. Polishing bench work area (Polisaj tezgahinin

calisma alani)

Bruel & Kjaer 2250 series sound level meters and
hand-held analyzer were used for noise measurement
and analysis on the bench. Bruel&Kjaer 2250 and its
noise analysis software conforms with the relevant
standards IEC 61672-1 (2013) Class 1 [24],
ANSI/ASA S1.4-2014 Class 1 [25] and IEC 61260-1
(2014) 1/1-octave bands and 1/3-octave bands, Class
1 [26]. The microphone used for noise measurements
is Bruel&Kjaer 4189, capable of measuring up to 140
dB. Before the noise measurement periods, the
microphone used was calibrated with the Bruel &
Kjaer 4231 microphone calibrator. The type of 4231
calibrator device is Class 1 according to EN/IEC
60942 (2003) [24] and ANSI S1.40-2006 [27].

As seen in Figure 5, noise analyzes were made by
taking logarithmic averages of the noise
measurements taken from each corner of the polishing
machine three times for 60 seconds. The microphone
was placed 120 cm above the ground and 1 m away
from the corners of the polishing machine by means
of a tripod. During all measurements, the
measurement and environmental conditions were kept
the same. A-weighted equivalent sound level (LAeq
in dBA), which is closest to the sensitivity of the
human ear, was used for noise measurements. For
frequency analysis of machine noise, a 1/3 octave
band filter was chosen.

The noise components of the Polrotor polishing
machine were determined as the noise of the machine
itself, the front and rear polrotor noise, the fan noise,
the fabric noise, and the noise of the other machines.
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In order to determine the noise characteristic of the
machine, it is necessary to know the noise levels of all
the mentioned noise sources. For this purpose, nine
different measurement scenarios were applied to
detect all noise components (Table 2). In stable
working conditions of the machine, noise
measurements were taken after each machine
component operated for 5 minutes.

A D
] )

POLISHING

MACHINE

B. .C

Figure 5. Noise and vibration measurement points of
the polishing machine (Polisaj makinesinin giiriiltii ve
titresim ol¢tim noktalary)

Accordingly, without operating any of the
polrotors, fabric feeding rollers, fans, and other
machines, only the machine itself was operated, and
noise measurements were taken from A, B, C, and D
corners of the machine (Figure 6). The noise level of
the machine itself (motortelectrical noise) was
determined by taking the logarithmic average of the
noise levels taken from the four corners of the
machine with the help of Equation 1. Similarly, only
the fan group was operated, and the fan and noise
levels of dust-air suction ducts were determined.
Then, by operating the machine and polrotor one
together, the total noise level of the machine and

polrotor one was recorded. With Equation 2, the noise
level of Polrotor one was determined by subtracting
the machine's own noise from the total noise level.
With similar measurement and calculation methods,
individual noise levels of the total noise components
(machine, polrotor 1, polrotor 2, fan, fabric, all
machines) of the polishing machine were calculated
separately.

Figure 6. Noise levels measurement at point B
of polishing machine (Polisaj makinesinin B

noktasindaki giiriiltii seviyesi ol¢iimleri)

10t4eq;/10
LAegmacnine = 10108 (?) (1
LAeqpolrotom =10 log(loLAeqt/lo

2

-1 OLAeqmachine/lo)

Table 2. Noise measurement scenarios (Giiriiltii slgiim senaryolart)

Machine Polrotor 1 Polrotor 2 Fan Fabric All machines
™) (P1) (P2) &) €Y)]
1.Meas. v
2.Meas. v
3.Meas. v v
4 Meas. v v
5.Meas. v v 4
6.Meas. v v v v
7.Meas. v v 4 v
8.Meas. v v v v v
9.Meas. 4 v v v v v

2.1. Vibration Measurements (Titresim Olgiimleri)

It is also important to determine the vibration-
induced noise levels of the polishing machine.
Vibration-induced noises generally occur in low-
frequency regions. It is known that the human ear is

more sensitive to low-frequency noise than to high-
frequency noise. This shows that vibration-
originated noise is important in terms of noise
exposure of workers. In addition, machine vibrations
are important for product quality.
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Bruel&Kjaer Photon+ vibration analysis device
(DAQ), and RT Pro Photon vibration analysis
software were used for vibration measurements
(Figure 7). Bruel&Kjaer 4533-B-002 accelerometer

with 482.7 mV/g sensitivity was used for
acceleration measurements. When the machine
reaches a stable operating period, vibration

measurements were taken for 60 seconds at a
frequency resolution of 0.1 Hz. The maximum
sampling frequency is 1000 Hz.

setup (Titresim

Figure 7. Vibration measurement

olgiim diizenegi)

The vibration measurement plan given in Table

3 was applied to determine the vibration
components of the polishing machine.
Unlike noise measurements, vibration

measurements are taken, while other machines
are constantly in operation because the factory is
in the non-stop production phase. Nevertheless,
unlike noise measurements, vibration levels and
vibration isolation performances of each machine
foot were evaluated separately.

In order to determine the vibration intensity of
the polishing machine, vibration measurements
were taken from the four legs of the machine and
from the points where the feet touch the ground
(Figure 8). The time and frequency responses of
the vibration measurements taken were recorded.
The vibration isolation performance between the
machine and the ground was evaluated by
examining the time and frequency responses.
In order to evaluate the vibration intensity,
RMS (Root Mean Square) acceleration values
of the time responses of each measurement were
calculated using Equation 3.

Dal, Baklaci/ Gazi Miihendislik Bilimleri Dergisi 2021 7(2). (2021) 121-133

X+ x2 + 4 x2
n

3)

agrms =

In Equation 3, x4, x,, ... x, are the acceleration
amplitudes, and n is the total sampling number.

a. o b.
Figure 8. (a) Machine foundation vibration
measurement and (b) Machine foot vibration

measurement ((a)Makine temelinin titregim olgiimii ve
(b)makine ayagun titresim ol¢iimii )

Using the relationship between the machine feet
and the acceleration amplitudes agys taken from the
machine base, the vibration isolation performance of
the machine can be calculated. For this purpose, how
much of the machine vibrations are transferred to the
ground or how much of the ground vibrations are
transferred to the machine is calculated with the help
of Equation 4.

4)

In Equation 4, T, is the vibration transmission
amount, § is the damping ratio, ® machine polrotor
cycle, and w, is the natural frequency of the
machine. In the current situation, there is no
vibration isolation as the machine is placed directly
on the ground. For this reason, it has been observed
that the amount of vibration insulation is very bad.
This situation creates an extra source of the noise.

Table 3. Vibration measurement scenarios (Titresim él¢iim senaryolar)

Machine Polrotor 1

Polrotor 2

Fan Fabric

M) (P1) P2) (F) (T) All Machines
1.Meas. v v v
2.Meas. 4 4 v
3.Meas. v v v v
4 Meas. v v v v v
5.Meas. v v v v v v
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2.2. Noise and Vibration Abatement Studies
(Giiriiltii ve Titresim Azaltim Calismalary)

Three different insulation applications have
been made to improve the noise and vibration
performance of the polishing machine. Two of them
are insulation applications for noise control and the
other for vibration control. For noise control, first of
all, fan suction ducts are covered with 19 mm
thickness IzocamFlex acoustic insulation blanket.

The acoustic insulation materials used are
elastomeric rubber-based, closed-pore,
homogeneous sheet-shaped material with a cell
structure. The insulation material was attached to the
suction pipes by means of adhesive elastic bands, as
shown in Figure 9.

The second acoustic insulation application is the
noise wall application. For this, a trapezoidal sheet
wall with a thickness of 0.7 mm was installed
between the polishing machine and the working
office. In order to increase the noise absorption of
the wall, acoustic foams were placed between the
trapezoidal profile plates, as shown in Figure 10.

Antivibration rubber pads were placed on the
machine's feet, as shown in Figure 11, for the last
application performed to improve the vibration and
noise performance of the polishing machine. The
stiffness of the vibration pads was calculated using
Equation 4 for a 10% vibration isolation and a
damping ratio of 0.1.

Figure 9. Dust suction ducts covered with IzocamFlex acoustic insulation material (izocamFlex akustik yalitim

malzemesi ile kaplanmus toz emis kanallar)

Figure 11. Antivibration rubber pad and its assembly (Titresim 6nleyici kauguk takoz ve montajt)
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3. RESULTS AND DISCUSSIONS (SONUCLAR
ve TARTISMA)

For reducing machine noise, noise
measurements were taken before any insulation was
applied. The noise levels of each noise component
were obtained by taking the logarithmic average of
the noise measurements taken three times from each
corner of the machine. 1/3 octave band analysis
results of the effect of each noise component on the
total noise level are shown in Figure 12. According
to Table 1, as the effect of new noise components is
included in each measurement stage, the total noise
level increases. In the first measurement, the noise
level is lower than other measurements at all octave
band center frequencies because only the machine is
operating. In the last measurement, the total noise
level is maximized as all noise components, and all
other machines are working. According to 1/3
Octave band analysis, it is understood that the noise
frequency range of the machine is between
approximately 50-12500 Hz. The dominant
frequency band is seen to be between 125-2500 Hz.

The vibration-induced noise level of the
polishing machine should be determined. For this
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reason, the vibration isolation performance of the
machine with the floor has also been examined. In
this way, vibration levels from the machine to the
ground and from the ground to the machine can be
determined. For the vibration isolation performance,
vibration measurements of all the feet of the machine
as well as the ground where the feet of the machine
touch were taken.

Vibration isolation performances of each foot
were determined by using RMS values of floor and
machine feet vibrations. According to the first
vibration measurements, it was determined that there
was no vibration isolation application and the
vibration isolation of the machine was quite bad.
Most of the machine vibrations are transmitted to the
floor. However, ground vibrations originating from
other machines are transmitted directly to the
machine (Figure 13). In addition, it has been
determined that the vibration levels of all machine
feet are not equal and are very different from each
other. This difference shows that different
antivibration rubber is required for each machine
foot.

oo
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Figure 12. 1/3 Octave band frequency response of the polishing machine before insulation applications (Yaliim

uygulamasindan énce polisaj makinesinin 1/3 octave band frekans cevabi)

The vibration-induced noise level of the
polishing machine should be determined. For this
reason, the vibration isolation performance of the
machine with the floor has also been examined. In
this way, vibration levels from the machine to the
ground and from the ground to the machine can be

determined. For the vibration isolation performance,
vibration measurements of all the feet of the machine
as well as the ground where the feet of the machine
touch were taken. Vibration isolation performances
of each foot were determined by using RMS values
of floor and machine feet vibrations. According to
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the first vibration measurements, it was determined
that there was no vibration isolation application and
the vibration isolation of the machine was quite bad.

Most of the machine vibrations are transmitted to
the floor. However, ground vibrations originating
from other machines are transmitted directly to the
machine (Figure 13). In addition, it has been
determined that the vibration levels of all machine
feet are not equal and are very different from each
other.

This difference shows that different antivibration
rubber is required for each machine foot. Elastic
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coefficients of vibration isolation pads were
calculated by using Equation 4 to improve the
vibration isolation performance of the machine.
Accordingly, the stiffness of the vibration rubber pad
to be placed on each machine foot in order to provide
10% vibration isolation was calculated as in Figure
14.

After the antivibration rubbers, whose elastic
rigidity was computed, were placed under the
machine feet, significant vibration isolation for the
machine was observed (Figure 15).
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Figure 13. Vibration response of the machine for the A foot and the foundation before vibration isolation
(Titresim izolasyonundan énce makinenin A ayagi ve temeli igin titresim cevabi)
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Figure 14. Stiffnesses of antivibration rubber pads placed under feet of the machine (Makinenin ayakiarina
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Figure 15. Vibration response of the machine for the A foot and the foundation after vibration isolation (Titresim

izolasyonundan sonra makinenin A ayagi ve temeli i¢in titresim cevabi)

In order to reduce the noise levels of the
polishing machine, after the fan suction pipes were
covered with acoustic insulation material and after
the vibration rubber pad was placed on the machine's
feet, all measurements were repeated under the same
conditions. Thus, the effects of both noise and
vibration insulation on the noise levels of the
polishing machine were determined separately
(Figure 16). Accordingly, it was determined that the
component with the least impact was the idle noise
of the machine. It is understood that the fan and
fabric noise components are the dominant noise
sources. For the polishing process, polishing
polrotors apply pressure to the fabric fed to the loom
and apply rapid shearing force at each turn. This
causes low-frequency fabric cutting noise.

According to the measurement results, it is seen
that fabric noise is the most dominant source of the
noise. For this reason, it is understood that the fabric
noise should be reduced first in order to reduce the
total noise of the machine. However, the ability to
reduce fabric cutting noise is related to the structural
design of the machine. Since it is not effective to
interfere  with the structural design and
manufacturing processes of the machine, no
measures have been taken to reduce fabric noise.
Nevertheless, it is clear that the measures are taken
to reduce fan noise, and vibration-induced noise is
quite beneficial. During the active operation of all
the machines in the work area, a significant noise
reduction of 7 dBA approximately has been
achieved. This is an important level for workers
exposed to noise.

Vibration-induced noises affect employees more
because they are low frequency and high amplitude.
The application of the vibration pads significantly
reduced the vibrations caused by the polrotor
cylinder. It is seen that vibration-induced high

amplitude noise components decrease as vibration
pads reduce machine vibrations.

There are working offices in the back of the
fabric processing area where the polishing machine
is located. Office workers, as well as production
workers, are disturbed by the noise level of the fabric
processing area. In order to reduce the transmission
of the noise coming from the production line to the
work area, a noise abatement wall was installed
between the benches and the offices. In order to see
the effect of the noise abatement wall, measurements
were taken before and after the application of the
wall, at a distance of 2 m from the wall, while all the
machines were working actively. Results regarding
the noise abatement of the wall are given in Figure
17. It was observed that the noise level on the fabric
processing area was reduced up to 10 dBA
approximately by the installed noise wall. The 10
dBA noise reduction is a significant improvement in
terms of noise exposure of office workers.

90
85

80

LAeq [dBA]

Before any insulation After insulations and
wall application

Figure 16. Comparisions of noise levels in the

office area (Ofis alanindaki giiriiltii seviyelerinin
kiyaslanmasi)
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Figure 17. Comparisions of the noise levels after noise and vibration insulation application (Giiriiltii ve
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4. CONCLUSIONS (SONUCLAR)

In the research study, noise and vibration
reduction studies of the polishing machine, one of
the loudest benches in a textile factory where the
velvet fabric production is made, were carried out.

For noise and vibration abatements, the noise and
vibration levels of each machine component
contributing to the machine's total noise level were
determined by experimental measurements and
calculations. When the measurement data were
examined, it was seen that each machine element
contributed to the total noise level of the machine
separately. The noise and vibration analysis
determined that the dominant noise sources were fan
noise, fabric polishing noise, and vibration
originated noise. For reducing the noise effects of the
dominant noise components, fan air inlet ducts are
covered with special acoustic insulation material to
reduce fan noise.

Interestingly, according to the vibration
measurements, it was understood that each machine
foot produced different vibration levels. Significant
differences between the vibration levels of the
machine feet were an indication of increased
machine noise and the need for vibration isolation of
the machine. In order to reduce the vibration of the
machine and the noise level caused by vibration,
firstly were calculated vibration insulatoin ratios of
the machine feet. Next, the required rigidity and
damping ratios of the vibration wedges placed on the
machine feet were calculated for vibration isolation.
Then suitable rubber pads were determined and
applied to the machine's feet. According to the noise
and vibration measurements before and after the

insulation applications, approximately 7 dBA noise
abatement was achieved. At the same time, an
acoustic panel wall was built between the noisy
production line and the working office. As a result,
the noise transmission to the office areas has been
reduced by approximately 10 dBA by noise cutting
panel.

According to the results of the study, vibration
and noise isolation applications of the machines
must be made to protect the health of workers and
employees. Work offices should be located as far
away from noisy areas as possible. Various
applications should be made to reduce noise
transmission between noisy areas and work offices if
this is not possible. Furthermore, this study will
quickly guide the steps to be followed for noise and
vibration reduction studies of noisy production
machines in industrial areas.
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Nano-lubricants have perfect heat transfer properties due to having solid nanoparticles. In this
report, 2.0% copper (Cu) were doped nickel oxide (NiO) nanoparticles by a facile chemical
precipitation method. The synthesized nanoparticles were physically mixed with the base liquid
mineral oil (MO) at 0.5% and 1.0% mass fraction. Sodium dodecyl benzene sulphonate (SDBS)
surface active material at 0.5% mass fraction was also used in the prepared suspension in order to
overcome the surface tension. In this way, nano-lubricants prepared with different concentrations
of NiO and Cu-doped NiO nanoparticles were used in the refrigeration system. The compressor
work was calculated as 24.971 kJ/h when nano-lubricant prepared with NiO nanoparticles at 0.5%
mass fraction was used in the refrigeration system. Compressor work was calculated as 23.313
kJ/h and 23.058 kJ/h when using nano-lubricant prepared with NiO nanoparticles with Cu added
in 0.5% and 1.0% mass fraction, respectively, as the compressor oil. The NiO-based nanoparticles
can be a promising material for high-performance hybrid nano-lubricants applications.
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Anahtar Kelimeler:
Kompresér isi, Cu
katkili NiO sentezi,
Hibrit nanoyaglayici,
Mineral Yag

Nanoyaglayicilar, kati nanopartikiillere sahip olduklari i¢in miikemmel 1s1 transfer 6zelliklerine
sahiptir. Bu ¢aligmada, %2,0 oraninda bakir (Cu), basit bir kimyasal ¢okeltme yontemi ile nikel
oksit (NiO) nanopartikiillerine katkilanmistir. Sentezlenen nanopartikiiller, agirlikca %0,5 ve %
1,0 oranlarinda baz sivist mineral yag (MO) ile fiziksel olarak karistirilmigtir. Hazirlanan
sispansiyonda, ylizey geriliminin {istesinden gelmek icin agirlikca %0,5 oraninda sodyum
dodesil benzen siilfanat (SDBS) yiizey aktif malzemesi kullanildi. Bu sekilde, sogutma
sisteminde farkli konsantrasyonlarda NiO ve Cu katkili NiO nanopartikiiller ile hazirlanan
nanoyaglayicilar  kullanilmistir.  Sogutma  sisteminde agirlikga %0,5 oraninda NiO
nanopartikiiller ile hazirlanan nanoyaglayici kullanildiginda kompresor isi 24,971 kJ/h olarak
hesaplanmistir. Kompresor yagi olarak sirastyla; %0,5 ve %1,0 kiitle oranlarinda eklenmis, Cu
katkili NiO nanopartikiiller ile hazirlanan nanoyaglayici kullanildiginda kompresor isi 23,313 kJ/
h ve 23,058 kJ/h olarak hesaplanmistir. NiO tabanli nanopartikiiller, yiiksek performansli hibrit
nanoyaglayici uygulamalari i¢in umut verici bir malzeme olabilir.
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1. INTRODUCTION (GIRis)

As a result of research conducted in recent years,
it was predicted that non-renewable energy sources
will be exhausted by the end of the 22nd century. For
this reason, large budgets were allocated to the
development of renewable energy sources and
renewable energy systems in all world societies [1,2].
In addition to these measures for energy resources,
efficient use of energy is extremely important. It is
known that energy use has increased significantly in
recent years throughout the world. Buildings consume
more than 40% of the global energy amount and
industrial systems consume the other part of the
energy amount [3-5].

A significant part of the energy was used by
cooling systems in industry and in our daily life.
Compressors consume most of the electricity in
cooling systems. In this period when we were faced
with the energy crisis, efficient use of energy has
become a necessity. Therefore, efficiency studies in
cooling systems will be beneficial. Instead of oils used
as working fluid in compressors, nano-lubricants with
better heat transfer properties can be preferred. In
recent studies, nano-lubricants prepared with base
liquid oil and solid nanoparticles were used as
compressor oil. In these prepared suspensions, solid
nanoparticles in nano-lubricant are the main factor in
determining the heat transfer properties [6-8].

Abbas et al. drew attention to the fact that
nanofluids were used as cooling fluids in heat transfer
applications. Recently, they reported that hybrid
nanofluids were also used extensively in these
applications. In this article, the authors have used
hybrid nanofluid as the working fluid in aluminium
tube radiators. They were used a new type of hybrid
nanofluid containing Fe,03-TiO, (50:50)
nanoparticles as the working fluid in the automotive
radiator. Ultimately, it was determined that the heat
transfer rate increased by 26.7% compared to water.
In addition, with the new type of nanofluid used, the
number of nusselt increased by 20.03% compared to
water. However, a significant amount of
agglomeration and sedimentation was observed when
the suspension was kept for up to 20 hours after
preparation [9]. One of the biggest problems in
nanofluid, nano-lubricant and nano-refrigerant
suspensions have seen as these agglomerations that
occur in suspension after waiting for a while. Tlili et
al. prepared a hybrid nanofluid by adding Ti-Cu
nanoparticles into the base liquid water-ethylene.
They were investigated the fluid flow and energy
transport properties of the hybrid nanofluids prepared.

In the experiments, they were examined the
propulsion, thermal transport, and surface friction
properties of the prepared nanofluids. They were
investigated numerical and graphical results for the
nusselt number. It has been reported that the heat
transfer rate of Ti-Cu/EG-Water hybrid nanofluid was
higher than that of Ti/EG-water [10].

Sundar et al. were analyzed the entropy and exergy
efficiency of nanodiamond (ND) / Fe304/60:40%
W/EG hybrid nanofluids in their experimental studies.
They were used the in-situ/chemical co-precipitation
synthesis  method  while  synthesizing the
nanoparticles. The authors were prepared hybrid
nanoparticles by adding Fe3Os4 nanoparticles to the
surface of nanodiamond nanoparticles. They were
predicted the magnetic properties of the prepared
nanoparticles by characterization by X-ray Diffraction
(XRD) and Transmission Electron Microscopy
(TEM). The authors were reported that the maximum
thermal conductivity performance increased up to
12.79% at T = 60 °C, at a nanoparticle concentration
of 0.2% by volume. They were also stated that at the
same concentration the nusselt number increased by
15.65% [11].

Huang et al. stated that one of the common
research topics in the industry is the boiling heat
transfer process. In this experimental study, a hybrid
nanofluid was prepared by adding silicon
oxide/graphene nanoparticles in pure water to the
work nanofluid. In the experiments, the boiling heat
transfer properties of hybrid nanofluids were
investigated. As an effect of the study, it was noticed
that the boiling heat transfer coefficient decreased
[12]. Li et al. were used the hybrid nanofluid prepared
in their studies as the fluid in the heat exchanger. The
authors were used water as work fluid and Ag-MgO
as nanoparticle while preparing nanofluid. In the
experiments, the hydrothermal and irreversible
properties in the forced convection flow by the heat
exchanger were analysed numerically. In this study, it
was stated that the heat transfer rate and the total heat
transfer coefficient increased in direct proportion to
the Reynolds number. It has been reported that heat
exchanger efficiency, pressure loss, pumping power,
and performance index are inversely proportional to
Reynold's number [13]. Urmi et al. were examined the
thermophysical properties of hybrid nanofluids, which
they prepared in their experimental studies. They were
used 40% ethylene glycol base liquid and TiO,—Al,03
hybrid nanofluids while preparing nanofluid. In the
experiments, they were investigated the Newtonian
behavior of hybrid nanofluids depending on
temperature and concentrations. The authors were
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reported that the general thermal conductivity
increased by 40.86% at a temperature of 80 °C and a
concentration of 0.1%. In addition, it has been
observed that the thermal conductivity of hybrid
nanofluids is superior to single nanofluids [14].

In this study, Cu nanoparticles were added to pure
NiO nanoparticles by a facile chemical precipitation
method. It is known that Cu nanoparticles were
frequently used in nanofluid applications and
successful results were obtained [15-17]. In addition,
there are experimental studies made with nanofluid
prepared using NiO material [18,19]. It is seen that Cu
and NiO nanoparticles were used in nanofluid
applications due to their high heat transfer properties.
In this experimental study, Cu-doped NiO
nanoparticles synthesized by a chemical method were
used to prepare hybrid nano-lubricant. [20,21]. The
use of hybrid nano-lubricant were prepared with
synthesized Cu-doped NiO nanoparticle in this study
makes a difference. Hybrid nanoparticles are not yet
common to use in nano-lubricant applications. In
addition, nanoparticles were physically mixed in
(50:50) ratios in general in hybrid nanofluid
applications [9]. In order to prevent nanoparticle
aggregation, 0.5% by weight SDBS surfactant was
also added to the suspension. In the experimental
study, it was aimed to show the effects of Cu-doped
NiO particles synthesized by chemical methods and
forming a hybrid combination on the working
efficiency of the compressor in the cooling system.

2. MATERIAL and METHOD (MATERYAL ve
METOT)

2.1. Experiential Procedure (Deneysel Prosediir)
2.1.1. Materials (Malzemeler)

Nickel (II) nitrate hexahydrate (Ni(NOs),-6H,0)
(99.0%), copper (II) nitrate hydrate (Cu(NO3), xH>0)
(99.99%) and sodium hydroxide (NaOH) (>99.0%)
was obtained by Sigma Aldrich. Surfactant was used
to overcome the surface tension of solid nanoparticles
while preparing the suspension. Chemical structure of
the used surfactant SDBS (CisH29NaO3S) was given
the scheme in Fig.1 [22,23].

Figure 1. SDBS chemical structure. [22,23]
(SDBS kimyasal yapist)

2.1.2. Synthesis of pure NiO and Cu-doped NiO
nanoparticles (Saf NiO ve Cu katkili NiO nanopartikiillerinin

sentezi)

Pure NiO nanoparticles were synthesized by a
chemical precipitation method by modifying this
report [24]. Firstly, 712.5 mg (Ni(NOs),-6HO as
precursor materials was dissolved in deionized water
(500 mL). After 30 min of mixing, pH degree of NiO
solution was adjusted to 9.2 by 0.16 g powder of
NaOH and stirred for 1 hour at room temperature.
Then, obtained NiO nanoparticles were centrifuged
with both water and ethanol two times at a constant
rotation of 6.500 rpm. Later, obtained 40-nm sized
NiO nanoparticles were dried at 80 °C for 3 h and
annealed at 300 °C for 1 h. The same processes were
carried out for 2% Cu-doped NiO nanoparticles. The
obtained pure NiO and Cu-doped NiO nanoparticles
were added in certain proportions in the oil and mixed
with a homogenizer for 1 hour at room temperature.

2.1.3. Characterization techniques (Karakterizasyon
teknikleri)

The crystallite preperties of the nanopartices were
determined by Bruker D8 Advance X-ray
Diffractometer (XRD). The morphologies of the pure
NiO and Cu-doped NiO nanoparticles were studied
using Field Emission Scanning Electron Microscopy
(FESEM) (Hitachi SU5000).

2.2. Experimental Setup and Uncertainty Analysis
(Deneysel Kurulum ve Belirsizlik Analizi)

Stage Compressed Intermediate Cooling Training
Set (Deneysan) was used in the experiments. Prepared
nano-lubricants were used as operating oil in the
compressor in a simple cooling system. Experimental
setup was shown in Fig. 2.

Figure 2. Image of experimental setup.
(Deneysel kurulumun resmi)

Pt-100 type thermocouples operating in the range
of - 200 °C ~ +850 °C were used for temperature
measurements in the experiment set. In the
experiments, Refco Type (mr-205,305-ds) oil
manometers were used to measure the pressure values.
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According to the Holman [25] model, the
uncertainties of the measurement elements were
calculated as + 1.41 and + 0.10, respectively.

2.3. Preparation of Nano-lubricant (Nano-yagiayicinin

hazirlanmast)

When preparing nano-lubricant, 100 ml of MO
was used as the base fluid. Solid-liquid suspension
was obtained by adding NiO and Cu-doped NiO into
mineral oil in different mass fractions. In the first
stage, in the suspension, 0.5% by weight NiO was
used as the nanoparticle. In the next step, Cu-doped
NiO nanoparticles were used in 0.5% and 1.0% mass
fractions by weight. In order to prevent flocculations
in the suspensions, 0.5% by weight SDBS surfactant
was added. Solid-liquid mixture was mixed with
Ultrasonic homogenizer to ensure a homogeneous
distribution in  the suspension.  Ultrasonic
homogenizer is a good tool for even distribution of
solid particles in the liquid. Then, the prepared nano-
lubricants were mixed in an ultrasonic water bath
(Kudos-Model: SK2210HP) for 3 hours. Finally, the
suspension was also stirred in magnetic stirrer (Jeio
Tech MS-32M) for 3 hours. These stages were shown
in the Fig. 3.

Figure 3. Preparation of different concentrations
of nano-lubricants. (Farkli nano yaglayici
konsantrasyonlarinin hazirlanmasi)

3. RESULTS and DISCUSSION (SONUCLAR ve
TARTISMA)

3.1. XRD and SEM Results for Cu-doped NiO
Nanoparticles (Cu katkili NiO Nanopartikiilleri i¢in XRD ve
SEM Sonuglart)

To reveal the crystallite properties of the
synthesized pure NiO and Cu-doped NiO
nanoparticles, XRD analysis were carried out, as
shown in Fig. 4. The 37.37°, 43.38°, 62.85°, 75.26 and
79.39° characteristic peaks for (111), (200), (220),
(311) and (222) orientations of the pure NiO powder
in XRD pattern were shown in Fig. 4a. Peaks from
XRD are well matched with primary status of 00-047-
1049 JCPDS card number of pure NiO. The well
matched with the related JCPDS card indicated that
NiO was high pure [26,27] On the other hand, in the
case of 2.0% Cu incorporation into NiO structure, the

peak intensity of Cu-doped NiO powder was raised,
which indicates the improvement of the crystallite
properties [28,29]. In addition to crystallite
improvement, in the case of 2.0% Cu incorporation
into NiO structure, the position of the corresponding
peak was shifted to up to ~0.4° higher points, as shown
in Fig. 4b. The position shift of Cu-doped NiO sample
reveals that the Cu ions was successfully incorporated
into NiO structure and which may mentioned
improvements a lots of properties the pure NiO
sample [30]. Moreover, the average crystallite size of
obtained pure NiO and Cu-doped NiO nanoparticles
was calculated from the Debye-Scherrer equation [31-
34]. The calculated average crystallite size for pure
NiO was approximately 4.57 nm for dominant peak
(the position of 43.37°), while average crystallite size
for pure Cu-doped NiO was approximately 7.34 nm
for dominant peak (the position of 43.76°).

a) —— Pure NiQ b) —— Pure NiO
Cu-doped NiO —— Cu-doped Ni0
= ﬂ > 1
Z | |‘ |‘ = :‘l‘:\
] - i
E U \ AW i \‘-\‘
M | g r\é :/u.‘n' M,
30 40 50 60 70 80 40 42 L] 46 48
2 theta (degree) 2 theta (degree)

Figure 4. (a) XRD pattern of pure NiO and Cu-doped
NiO. (b) XRD shift of pure NiO and Cu-doped NiO at

43.37° position. (a) Saf NiO ve Cu katkil: NiO'nun XRD modeli
b) 43.37" konumunda saf NiO ve Cu katkilt NiO'nun XRD kaymasi)

To observe the morphologies properties of the
pure NiO and Cu-doped NiO nanoparticles, SEM
measurements were made, as shown in Fig. 5. Fig. 5a
shows the pure NiO SEM images while the Fig. 5b
shows Cu-doped NiO SEM images. As seen in Fig. 5,
the grains of both nanoparticles were dispersed
without clustering. Comparing surface images of
nanoparticles, the surface images of produced
nanoparticles have been not changed significantly
with Cu doping effect. On the other hand, the grain
size in both samples is below 50 nm, which is an
important parameter for oil performance. In addition
to SEM images, energy dispersive X-ray (EDX)-
mapping method was used to detect the distribution of
Cu ions in the structure of NiO host materials.
Obtained EDX-mapping results of Cu and Ni ions
showed in Fig. 5(c-d). As can be seen from the EDX-
mapping results in Fig. 5d, Cu ions are distributed
homogeneously in the structure of NiO.
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Figure 5. SEM images of a) pure, b) Cu-doped
NiO powders at different magnificent. (Safve Cu
katkah NiO tozlarimin SEM gériintiileri). EDX-mapping
images of ¢) Ni, d) Cu in synthesized Cu-doped
NiO powders. (Sentezlenmis Cu-katkili NiO tozu i¢in EDX-
haritalama sonucu)

3.2. Investigation of Compressor Capacity and
Coefficient of Performance (Kompresor Kapasitesi ve

Sogutma Etkinlik Katsayisimn Incelenmesi)

In this paper, different concentrations of nano-
lubricants have been prepared with base fluid oil,
hybrid nanoparticles and surfactant material. These
prepared nano-lubricants were used as compressor oil
in the cooling cycle and the thermodynamic
parameters for the cycle were evaluated. In the cooling
cycle; the inlet-outlet temperatures of the compressor,
evaporator and condenser elements and the pressure
values of the system were measured. Based on these
measurement  results, enthalpy values were
determined thermodynamically. Depending on the
temperature, pressure and flow rate of the refrigerant,
the compressor capacity, the amount of heat the
evaporator absorbs from the ambiance and the COP
values were calculated based on the following
formulas [35].

Qe
COP = Wo (1)
W, = m(h, — h;) (2)
Qg =m(h; —hy) 3)

Condenser outlet and evaporator inlet enthalpy
values were averaged while calculations were made.
Also, the performance of cooling systems was
affected by the ambient temperature. While
conducting the experiments, the ambient temperature
was measured between 14 and 16 °C. In the
experiments, firstly, pure MO was utilized as the
operating fluid in the compressor. Then, experiments

were carried out with nano-lubricants prepared with
different concentrations of NiO nanoparticles and
hybrid Cu-doped NiO nanoparticles. In line with the
data obtained as a result of the experiments, the
compressor work and coefficient of performance were
calculated as given in Fig. 6. When pure MO was
utilized as the compressor operating oil, the
compressor duty was calculated as 26.836 kJ/h, while
the coefficient of performance was calculated as 4.66.
Then, when the nano-lubricant prepared with NiO
nanoparticles at 0.5% ratio by weight was utilized as
compressor oil, the compressor capacity was
calculated as 24.971 kJ/h, and the coefficient of
performance was calculated as 5.09. When hybrid Cu-
doped NiO nanoparticles were used while preparing
the nano-lubricant, the compressor work was
calculated as 23.313 kJ/h and the coefficient of
performance was calculated as 5.45. When we
compare the use of hybrid nano-lubricant with the use
of pure MO oil, the compressor work has decreased
by 13.12%.

Il compressor Work (ki/h)
304 I cosfficient of Performance (COP)
26.836

24.971

Calculated cooling system parameters

Pure MO MO+0.5%NiQ MO+0.5%Cu/NiQO

Properties of nano-lubricants

Figure 6. Compressor work and COP values (MO/

NiO/Cu-doped NiO) (Kompresir calismasi ve COP
degerleri (MO/NiO/Cu katkili NiO).

The effects of using hybrid nano-lubricants in
different mass fractions in the vapor compression
cooling system were also shown in Fig. 7. As a
conclusion of the use of pure MO as compressor work
fluid, the compressor capacity was calculated as
26.836 kJ/h and the coefficient of performance was
calculated as 4.66. When the mass fraction of Cu-
doped NiO nanoparticles used in preparing hybrid
nano-lubricants was made 1.0%, the compressor work
was calculated as 23.058 kJ/h and the coefficient of
performance was calculated as 5.52. When we
compare the use of hybrid nano-lubricants at 1.0%
mass fraction with the use of pure MO, the compressor
work has decreased by 14.07%. Precipitation was
observed when the suspension was prepared with
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more than 1.0% by weight of nanoparticles while
preparing the nano-lubricant.

30 - Compressor Work (kJ/h)
) I Cofficient of Performance (COP)

26.836

23.313

Calculated cooling system parameters

Pure MO MO+0.5%CuiNi0 MO+1.0%Cu/NiO

Properties of nano-lubricants

Figure 7. Compressor work and COP values (MO

and different mass fraction Cu doped NiO)

(Kompresér ¢calismast ve COP degerleri (MO ve farkl kiitle
fraksiyonu Cu katkili NiO))

The performance of the cooling system depends on
the ambient conditions. However, a comparison has
been made with a previous study. Akkaya et al. in their
experimental study, a different type of compressor
was used. The COP value was calculated as 4.70 when
nano-lubricant prepared with base liquid polyol ester
(POE) and 1.0% Titanium dioxide (TiO;) was used
[7]1. In this study, the highest COP value was
calculated as 5.52. However, the ambient conditions
differed in this study. In addition, different types of
compressors and nano-lubricants were used.

4. CONCLUSIONS (SONUCLAR)

In this study, NiO nanoparticles were synthesized
and then Cu nanoparticles were added by a facile
chemical precipitation method. While synthesizing
the nanoparticles, 2.0% by weight of Cu nanoparticles
in NiO were used. Hybrid nanoparticles synthesized
were tested in the cooling system. While preparing the
nano-lubricant, nanoparticles in 0.5% and 1.0% mass
fractions and surface active material in 0.5% mass
fraction were used. Studies have been carried out with
pure MO oil and different concentrations of nano-
lubricants and the experimental results have been
compared.

e When SEM and XRD results were examined, it is
seen that the hybrid nanoparticles synthesized are
synthesized as pure and homogeneously. The
presence of Cu particles in NiO nanoparticles is
seen in these analyses.

e All nano-lubricants different proportions by
weight operated the refrigeration machine more
efficiently than pure MO.

e  When pure MO was utilized as compressor work
fluid, the compressor capacity was calculated as
26.836 kJ/h. When utilized as nano-lubricant
compressor oil prepared with base liquid MO and
1.0% Cu doped NiO, the compressor work was
calculated as 23.058 kJ/h. When using hybrid
nano-lubricant as compressor oil, compressor
work has been reduced by approximately 14.07%.

e  When pure MO was used in the compressor, the
COP value was calculated as 4.66. COP rate was
calculated as 5.52 when used as nano-lubricant
compressor work fluid prepared with base liquid
MO and 1.0% Cu-doped NiO. When the hybrid
nano-lubricant was utilized as the compressor
work fluid, the COP wvalue has increased by
18.45%.

e In the experiments, it has been concluded that
hybrid nano-lubricants can be used safely in the
cooling system. It can also be suggested that
hybrid nano-lubricants with different properties
can be used.

ABBREVIATIONS

The amount of heat
Qg absorbed by the evaporator
(kJ/h)
W Compressor work (kJ/h)
m Mass flow rate (kg/h)
hisa Enthalpy values (kJ/kg)

T Temperature [K]
Cu Copper
NiO Nickel oxide
Ag Silver

MgO Magnesium oxide
Ti,0 Titanium dioxide
AL,O3;  Alumina oxide
ND Nanodiamond
MO Mineral oil
Sodium dodecyl benzene

SDBS sulphonate
CcoP Coefficient of
performance

XRD X-Ray diffraction
Field emission scanning

FESEM .
electron microscopy
TEM Tr'ansnnssmn electron
microscopy
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Sifirn altindaki sicakliklarda malzemelerin bekletilmesi olarak bilinen kriyojenik islem, son
yillarda metal ve metal olmayan malzemelerin 6zelliklerini iyilestirmek icin uygulanan bir
yontemdir. Bu yontem daha ¢ok kalip yapiminda kullanilan takim gelikleri i¢in uygulanmaktadir.
Ulkemizde, birgok 6zel sektdr kurulusu tarafindan oncelikle kalip malzemeleri olmak iizere
bircok triinde kriyojenik islem kullanimi yayginlagmaya devam etmektedir. Savunma
sanayiinden otomotiv sanayiine kadar birgok sektdrde bu islemin faydalar1 kabul gérmiistiir. Bu
caligmada, geleneksel 1s1l islem uygulanmig (CHT) ve 24 saat derin kriyojenik islem uygulanmig
(DCT-24) Sleipner soguk is takim ¢eliginin makro sertlik, mikro sertlik ve mikroyap1 6zellikleri
incelenerek, malzemenin mekanik 6zellikleri ve mikroyapisindaki degisimler tespit edilmistir.
Bununla birlikte, X-Isin1 Kirmimmi (XRD) Yontemi ile malzemelerdeki kalint1 gerilme ve kalinti
Ostenit miktarlart Olgiilerek, numuneler arasindaki fark belirlenmistir. CHT ve DCT-24
numunelerinin makro sertligi sirastyla 60,96 HRC ve 61,46 HRC olarak 6l¢iilmiistiir. Mikro
sertlik degerleri de sirasiyla 734,26 HV ve 761,83 HV olarak oSl¢iilmiistiir. Derin kriyojenik
islem makro ve mikro sertligi sirastyla 0,5 HRC ve 27,57 HV arttirmigtir. Kalint1 dstenit miktar:
derin kriyojenik islemden sonra % 36 oraninda diismiistiir. Eksenel ve ¢evresel kalint1 gerilme
degerleri de sirasiyla % 48,84 ve % 36,52 oraninda diismiistiir. Sonug¢ olarak derin kriyojenik
islem Sleipner soguk is takim ¢eliginin sertligi arttirmis, mikroyapry1r homojenlestirmis, kalinti
Ostenit ve kalint1 gerilme degerlerini diislirerek olumlu iyilesmeler saglamigtir.
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The cryogenic treatment, known as holding materials at sub-zero temperatures, is a method used
to improve the properties of metal and non-metallic materials in recent years. This method is
mainly applied to tool steels used in mold making. In our country, the use of cryogenic processes
continues to be widespread by many private sector organizations, primarily in mold materials.
The benefits of this process have been recognized in many sectors, from the defense industry to
the automotive industry. In this study, the macro hardness, micro hardness and microstructure
properties of Sleipner cold work tool steel, which was applied traditional heat treatment and deep
cryogenic process for 24 hours, were examined and the changes in the mechanical properties and
microstructure of the material were determined. However, by measuring the residual stress and
residual austenite amounts in the materials with the X-Ray Diffraction (XRD) Method, the
difference between the samples was determined. The macro hardness of the CHT and DCT-24
samples was measured as 60.96 HRC and 61.46 HRC, respectively. Micro hardness values were
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also measured as 734.26 HV and 761.83 HV, respectively. Deep cryogenic treatment increased
macro and microhardness by 0.5 HRC and 27.57 HV, respectively. The amount of residual
austenite decreased by 36% after deep cryogenic treatment. Axial and circumferential residual
stress values also decreased by 48.84% and 36.52%, respectively. As a result, deep cryogenic
treatment increased the hardness of Sleipner cold work tool steel, homogenized the
microstructure, reduced residual austenite and residual stress values and provided positive

improvements.

https://dx.doi.org/10.30855/gmbd.2021.02.07

1. INTRODUCTION (GiRris)

Tool steels are widely used in the processing and
shaping of many tool materials such as metal, plastic
and wood that we see around us. Tool steels
corresponding to 8% of total steel production are
divided into two as hot work and cold work tool
steels. Tool steels with carbon content ranging from
0.3% to 2.5% and -containing carbide-forming
chromium, vanadium, molybdenum and tungsten as
well as nickel and manganese as alloying elements
are called cold work tool steels. Cold work tool steels
have high initial hardness and this hardness value
decreases rapidly when the working temperature
exceeds 200 °C. For this reason, these steels are used
for machining and non-chip forming processes of
workpieces operating at temperatures of about 200
°C and below [1, 2]. Sleipner cold work tool steel is
widely used in blanking and fine blanking, shearing,
forming, coining, cold forging, cold extrusion, thread
rolling, drawing and deep drawing, powder pressing
molds where high wear resistance, high chipping
resistance and high compressive strength are
required. It is also very good steel for any type of
surface treatment. They have good wear resistance,
good chipping resistance, good hardness (> 63 HRC)
after high temperature tempering, good dimensional
stability in heat treatment, good machinability and
grindability, and good surface treatment properties.
These steels are widely used in precision cutting,
cutting and forming, sintering and cold work
applications.

In general, heat treatment is defined as controlled
heating and cooling processes applied to steel to
impart desired properties. Heat treatments applied to
the steel are related to the transformation of its
microstructure. The compositions and structures of
the products the conversion affect the mechanical
properties of the steel directly. Numerous thermal
methods have been developed. The use of these
methods depends on the type of steel and the
expected properties such as hardness, strength,
toughness, abrasion resistance [3, 4]. In recent years,
cryogenic process, which is a complementary process
to heat treatment, has emerged especially to improve
the mechanical properties of tool steels. Cryogenic
process is known as the process of keeping materials

in liquid or gas environment in nitrogen up to -196°C
[5-7]. This method is of great importance in terms of
sustainable manufacturing since it does not have any
negative impact on the environment. It has been
subject to a lot of work due to its superior properties
such as hardness increase, high wear, fatigue and
impact resistance, homogeneous microstructure, low
residual austenite ratio, low residual stress, high
tensile strength, high dimensional accuracy [5, 6, 8-
13]. Demir and Toktas investigated the effect of deep
cryogenic treatment on the microstructure, hardness,
residual austenite and residual stresses of AISI D2
steel. Results showed that cryogenic treatment
reduced the residual surface stresses in comparison to
the conventional heat treatment. There was no
significant difference in hardness values and retained
austenite contents. However, more dense and
homogeneous carbide precipitation was observed
mainly for the cryo-treated sample for 24 h [8]. Yan
and Li investigated the effect of subzero processing
conditions on wear resistance, mechanical behavior
and microstructure of WIMo3Cr4V high speed steel.
The samples were cryogenically treated at different
holding temperatures (-80 °C, -120 °C, -160 °C and -
196 °C). Hardness and wear resistance increased and
microstructure improved after cryogenic treatment
for all samples. The increase in wear resistance and
hardness has been attributed to the conversion of
residual austenite to martensite and secondary
carbide precipitation by cryogenic treatment [14].
Altan Ozbek et al. investigated the effects of
cryogenic treatment on the mechanical properties of
AISI H11 hot work tool steel. In the study, it was
determined that deep cryogenic treatment greatly
reduced the residual austenite phase. It has been
reported that an increase in the hardness and wear
resistance of the material is achieved with the
cryogenic treatment [15].

When the studies in the literature are examined, it
is seen that the cryogenic process is applied on many
materials and positive results are obtained. However,
there are no studies investigating the effects of
cryogenic treatment on the mechanical properties and
residual stress of Sleipner cold work tool steel. In
this study, macro hardness, micro hardness and
microstructural properties of Sleipner cold work tool
steel, which was subjected to deep -cryogenic
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treatment in a 24-hour holding period, were
examined and the changes in the mechanical
properties and microstructure of the material were
investigated. However, the residual stress and
residual austenite amounts in the materials were
measured by the X-Ray Diffraction (XRD) Method.

2. MATERIAL AND METHOD (MATERYAL VE
METOT)

In this study, Sleipner cold work tool steel
patented by UDDEHOLM Company was used.
Uddeholm Sleipner is a high alloyed tool steel with a
very specific profile. Chemical components of
Sleipner cold work tool steel are given in Table 1.

The application of deep cryogenic process to the
test samples was carried out with the MMD Criyo
125 brand cryogenic process device in Duzce
University Mechanical Engineering Department. The
image of the device in Figure 1, the specifications are
given in Table 3.

Test samples will be divided into two groups in
the study. The samples in the first group were
subjected to conventional heat treatment to 60-62
HRC hardness. The samples in the second group
were subjected to deep cryogenic treatment (24 hours
at -180 °C) and then tempering process (2 hours at
200 °C) after conventional heat treatment.
Classification of test samples and heat treatments to
be applied are given in Table 2.

To determine the effects of deep cryogenic
process on the hardness of Sleipner steel, macro
hardness and micro hardness measurements were
carried out. In macro and micro hardness
measurements, the measurement result reflects the
average of at least 10 hardness measurements. Macro
hardness measurements were carried out using Time
TH 300 macro hardness device and Rockwell C
(HRC) hardness measurement method. Micro
hardness measurements were carried out with
DUROLINE-M brand micro hardness device by
applying a 1000 g load for 30 seconds with a
diamond pyramid tip.

Table 1. Chemical components of Sleipner steel (%) (Sleipner celiginin kimyasal bilesimi (%))

C Si Mn

Cr Mo A\

0.90 0.90 0.50

7.8 2.5 0.50

Figure 1. Cryogenic process device (Krivojenik islem cihazt)

Table 2. Application of traditional heat treatment and deep cryogenic process (Geleneksel isil islem ve derin kriyojenik

islem uygulamasi)

Sample Group Sample Name Heat Treatment to be Applied
1 CHT Conventional heat treatment
Conventional heat treatment
2 DCT-24 Deep cryogenic process (24 hours)
Tempering process
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Table 3. Technical specifications of the cryogenic process device (Krivojenik islem cihazimn teknik ozellikleri)

Internal dimensions

60cm L x 50cm W x 50cm D

Inner Chamber

304 stainless steels

Insulation 15c¢m multilayer insulation
Capacity <100kg
Control Programmable PLC control with touch screen

Temperature sensor PT100

LN2 source .
containers

Can be used with medium or high pressure liquid nitrogen

LN2 Transfer Connection

180cm flexible, insulated cryogenic liquid transfer hose

LN2 Dosing Solenoid valve

Process temperature <-190 °C

Temperature distribution +2°C

Cooling-Heating Speed

> 10 °C / min (depending on the material loading capacity)

Samples of 10 mm diameter and height were
prepared to be used in microstructural studies. These
samples were sanded with 120, 240, 600, 800 and
1200 grit SiC abrasives, respectively, after
conventional heat treatment and deep cryogenic
treatment. It was then etched with Nital solution and
examined under an optical microscope.

Residual stresses in both circumferential and
axial directions formed after heat treatment and deep
cryogenic treatment in Sleipner cold work tool steel
samples were measured by X-Ray diffraction
technique using the sin?Psi method. Residual
austenite and residual stress measurements were
performed on the SEIFERT Analytical X-ray MZ VI
brand X-ray diffraction device.

3. RESULTS AND DISCUSSION (SONUCLAR VE
TARTISMA)

There are four main metallurgical cases that are
claimed to explain the changes in the properties of
materials that are cryogenically treated. These;
transformation of residual austenite to martensite, the
formation of eta carbides, the precipitation of fine
carbides and a homogeneous microstructure [16, 17].
One of these situations, the transformation of
residual austenite to martensite plays an important
role on the mechanical properties of materials. The
combination of soft residual austenite and hard
martensite in the structure of steel is absolutely
undesirable. Because the residual austenite in the
structure negatively affects all the mechanical
properties of the steel, especially the hardness. In
addition, the presence of residual austenite decreases
residual stresses, thus reducing fatigue resistance
[18]. Therefore, the transformation of residual
austenite to  martensite is required.  This
transformation can be accomplished by the cryogenic
process in which almost all of the residual austenite

is converted to martensite or by tempering process
where martensite transformation is achieved at a
lower rate [5, 15]. Figure 2 shows the change in the
residual austenite volume ratios of the CHT and
DCT-24 samples.

As seen in Figure 2, the residual austenite
volume ratio of the conventional heat treated DCT
sample was measured as 2.5%. The residual austenite
volume ratio of DCT-24 sample, which was applied
deep cryogenic treatment for 24 hours, was found to
be 1.6%. After deep cryogenic processing, the
residual austenite volume ratio decreased by 36%.
This result once again demonstrated that the deep
cryogenic process significantly improved the residual
austenite content. In studies in the literature, it has
been repeated many times that the deep cryogenic
process reduces the residual austenite volume ratio
[19-21]. In the study conducted by Das et al. in 2007,
it was stated that the residual austenite volume ratio
of AISI D2 cold work tool steel decreased from 9.8%
to below 2% after deep cryogenic processing. This
positive improvement was attributed to the Mf
(Martensite finish) temperature of AISI D2 steel
below room temperature [22]. In another study, it
was emphasized that 30-40% decreases were
detected in the residual austenite volume ratio after
the cryogenic process applied to tool steel. This
result was associated with the increase in the residual
austenite content in the microstructure after
quenching and the decrease in the Ms (Martensite
starting) temperature [23].

Residual stresses are defined as the stresses
remaining in the part because various manufacturing
methods, heat treatment processes or application of
non-homogeneous deformation to the materials.
Since it remains in the material after the production
of the part, the loads and forces to be applied
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externally during operation affect the workpiece
together with these stresses [5]. Therefore, residual
or residual stresses directly affect the working life of
the produced parts [24]. Residual stresses are
classified into two types as compression and tension.
Compressive stress delays crack initiation and crack
growth. This delay makes residual compressive
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stresses very important, especially on fatigue life and
corrosion resistance. On the contrary, the tensile
residual stress decreases the mechanical performance
of the materials, so it is not a very desirable situation
for materials [5, 25]. In Figure 3, the residual stress
values in axial and circumferential directions of the
CHT and DCT-24 samples were given.
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Figure 2. Residual austenite volume ratio changes of samples (a) CHT and (b) DCT-24 (Numunelerin kalinti stenit
hacim oranlarimin degisimi (a) CHT ve (b) DCT-24)
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Figure 3. Residual stress changes of CHT and DCT-24 samples (CHT ve DCT-24 numunlerinin kalinti gerilmelerindeki
degisim)

While the axial residual stress value of the CHT
sample was 255.5 MPa, the axial residual stress
value of the DCT-24 sample was measured as 130.7

MPa. Deep cryogenic process reduced the axial
residual stress value to 124.8 MPa, resulting in an
improvement of 48.84%. It was found to be 270.8
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MPa and 171.9 MPa for the CHT and DCT-24
samples, respectively. Deep cryogenic process has
been positively effective in environmental residual
stress values as well as in axial stresses. After the
deep cryogenic process, environmental residual
stress values decreased by 989 MPa, an
improvement of 36.52% was obtained.

Microstructure images were taken under metal
microscope in order to determine the changes in

Figure . Micrstructural images of (a) T, (b) DCT-24 samples

microstructure caused by deep cryogenic process
applied to Sleipner cold work tool steel with 24 hour
holding time compared to conventional heat treated
tool steel. The purpose of this analysis is to explain
the improvements in mechanical properties after
deep cryogenic processing. Figure 4 shows the
microstructure images of the CHT and DCT-24
samples.

(Mikroyapt fotograflari (a) CHT, (b) DCT-24 numuneleri)

In Figure 4, while the CHT sample showed an
inhomogeneous carbide distribution, the DCT-24
sample showed a more homogeneous carbide
distribution than the CHT sample. However, after 24
hours of cryogenic treatment and subsequent
tempering, it is seen that the carbide sizes in the
microstructure of the samples decrease and a more
uniform carbide distribution is realized.

Figure 5 shows the macro hardness values of the
CHT and DCT-24 samples. The average macro
hardness of the CHT and DCT-24 samples was
measured as 60.96 HRC and 61.46 HRC,
respectively. It was observed that the macro hardness
value increased by 0.5 HRC after 24 hours of deep
cryogenic treatment applied to Sleipner cold work
tool steel. This increase in macro hardness was
attributed to the formation of a more brittle structure
as a result of the transformation of the austenite
phase, which has a soft structure in the internal
structure of Sleipner cold work tool steel, into the
martensite phase with a hard structure, together with
the deep cryogenic process [5, 26].

Figure 6 shows the micro hardness values of
conventional heat treated CHT and 24 hours deep

cryogenic DCT-24 samples. The average micro
hardness of the CHT and DCT-24 samples were
measured as 73426 HV and 761.83 HV,
respectively. It was observed that the macro hardness
value increased by 27.57 HV after 24 hours of deep
cryogenic treatment applied to Sleipner cold work
tool steel. As with macro hardness, this improvement
in micro hardness has been associated with the
formation of a more brittle structure as a result of the
transformation of the austenite phase, which has a
soft structure in the internal structure of Sleipner cold
work tool steel, into the martensite phase with a hard
structure with deep cryogenic process [27].

If a general evaluation is made for all output
parameters, it is seen that the cryogenic process
increases the macro and micro hardness, decreases
the residual austenite volume ratio, makes the
microstructure more homogeneous and reduces the
residual stresses on the surface of the material. These
improvements obtained in the literature studies have
been renewed once again with this study. In addition,
it has been shown that the mechanical and
metallurgical properties of Sleipner cold work tool
steel have improved after deep cryogenic processing,
as is the case with many tool steels.
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Figure 5. Macro hardness changes of CHT and DCT-24 samples (CHT ve DCT-24 numunelerin makro sertliklerindeki
degisim)
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Figure 6. Micro hardness changes of CHT and DCT-24 samples (CHT ve DCT-24 numunelerin mikro sertliklerindeki
degisim)
4. CONCLUSIONS (SONUCLAR) e Residual stress values also decreased negatively

In this study, the effects of deep cryogenic after deep cryogenic processing.

process (-180 °C) applied for 24 hours on the
microstructure, residual austenite volume ratio,
residual stress values and mechanical properties of
Sleipner cold work tool steel were investigated. At
the end of this study, the following results were
obtained.

e After conventional heat treatment, the hardness
of 60.96 HRC increased to 61.46 HRC with 24
hours of deep cryogenic process and subsequent
tempering.

e While the macro hardness of the CHT sample
was 734.26 HV, the hardness of the DCT-24
sample was determined as 761.83 HV. Deep
cryogenic processing resulted in an increase in
microhardness of about 30 HV.

e While the residual austenite volume ratio of the
CHT sample was 2.5%, this ratio dropped to
1.6% in the DCT-24 sample after deep
cryogenic processing. After deep cryogenic
processing, the residual austenite volume ratio
decreased in accordance with the studies in the
literature.

e Deep cryogenic process according to
microstructure analysis made the inner structure
of Sleipner cold work tool steel more
homogeneous.
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As a result, after Sleipner cold work tool steel
was subjected to a 24-hour deep cryogenic process
and subsequent tempering, it gained improvements in
its mechanical and metallurgical properties.
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Bu ¢alismada, karbon elyaf takviyeli polimer kompozitlerin (KETPK) istifli delinmesinde delik
¢ikis hasari; matkap ug agisi, matkap helis agis1, kesme hizi ve ilerleme miktarina bagl olarak
deneysel arastirilmistir. Caligmada, KETPK malzeme Al 6013 malzeme ile alt-iist istifli olarak
90° ve 118° ug acisina ile 15° ve 22.5° helis agisina sahip kaplamasiz HSS matkaplarla
delinmistir. Delme isleminde 0.05-0.1-0.2 mm/dev ilerleme miktar1 ve 45, 67, 100 m/dak kesme
hizt degerleri kullanilmistir. Delik delme islemleri sonucunda belirtilen sartlarda delik ¢ikis
hasarlar1 (delaminasyonlari) arastirilmistir. Deneyler sonucunda, kesme hizinin artmasi ile
delaminasyon oraninin azaldigi ayni1 zamanda ilerleme miktarinin artmasi ile delaminasyon
oraninin  arttif1 gorlilmiistir. Bununla beraber kesme hizinin artmasi ile metal talas
yapigsmasi/sivanmasi egiliminin azaldigi, bunun da delaminasyon oraninda azalma sagladigi
gOriilmiistlir. Caligma ile 118° ug agili ve 22.5° helis agili matkaplarla en yiiksek kesme hizi 100
m/dak’da ve en diisiik ilerleme miktar1 olan 0.05 mm/dev’de en diisiik delaminasyon orani elde
edilmigtir.
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In this study, the stack drilling of carbon fiber-reinforced polymer (CFRP) composites was
experimentally investigated in terms of exit damage, point angle, helix angle, cutting speed, and
feed rate. During the experiments, the stacks consist of CFRP composite material and Al 6013
drilled with uncoated HSS drills. The drills had 90° and 118° point angles, 15° and 22.5° helix
angles. The drilling experiments were performed with three different feed rates (0.05-0.1-0.2
mm/rev) and three different cutting speeds (45, 67, 100 m/min). The hole exit damages
(delaminations) were investigated according to the drilling results. As a result of the
experimental study, increasing cutting speed decreases the delamination ratio. Increasing feed
rate increases the delamination ratio. Moreover, increasing cutting speed decreases the tendency
of built-up edge. It is observed that this behavior assists the decreasing delamination ratio. In this
study, the lowest delamination ratio was acquired at the highest cutting speed (100 m/min) and
the lowest feed rate (0.05 mm/rev) with the drill which had 118° point angle and 22.5° helix
angle.
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1. GIRIS anTrODUCTION)

Malzemeler genel olarak metal ve metal olmayan
malzemeler olmak tizere iki ana gruba ayrilirlar. Bu
gruplar birbirlerine gore kendilerini iistiin kilan farkli
ozellikler tasirlar. Metal ve metal olmayan
malzemelerin yaninda ayni ya da farkli gruplardan
iki veya daha fazla malzemenin en iyi 6zelliklerini
makro diizeyde bir araya getirilerek elde edilen
malzemeler de kompozit (karma) malzemeler olarak
adlandirilir. Kompozit malzemeler asirlardir pek ¢ok
farkli uygulamalarda kullamilmaktadir. ilk kullanim
tarihleri kesin olarak bilinmemekle beraber en eski
uygulamalara ~ Misithlar, Inka ve  Maya
medeniyetlerinde rastlanmistir. Bu malzemelerin
gelistirilmesi ise 1940’11 yillarda II. Diinya Savasi ile
olmustur [1].

Kompozit malzemeler yapilarimi  olusturan
malzemelerin en iyi dzelliklerini biinyesinde tasirlar.
Kompozit malzemeler iretilirken mukavemet,
yorulma dayanimi, asmmma dayanimi, korozyon
dayanimi, kirilma  toklugu, yiiksek sicaklik
ozellikleri, 1s1l iletkenlik, elektrik iletkenligi, akustik
iletkenlik, rijitlik, hafiflik, fiyat ve estetik gdriiniim
gibi 6zelliklerin gelistirilmesi hedeflenmistir [2].

Elyaf takviyeli polimer kompozitler (ETPK)
yiliksek mukavemet, hafiflik, korozyona kars1 yiiksek
direng, soniimleme, yiiksek dayanim gibi {istiin
miihendislik ozelliklerine sahiptirler. Bu
ozelliklerinde dolay1 ETPK malzemeler uzay,
havacilik, savunma sanayisinde, insaat ve yapi
sektoriinde, otomotiv ve denizcilik sektoriinde, gida
ve tarim sektorlerinde, spor malzemeleri tiretimi gibi
bir¢ok uygulamada yogunlukla tercih edilmektedirler
[3-7]. Karbon elyaf takviyeli karbon matrisli
kompozit malzemeler ise yiiksek 1s1 direncinin
gerektigi alanlarda tercih edilmektedir [8]. Elyaf
takviyeli kompozit malzemeler, birbirleri arasinda
civata ve perginli birlestirmelerin yapilabilmesi igin
delme operasyonlarma tabi tutulmaktadir. Ancak,
homojen olmayan yapilarindan dolay1 delme islemi
esnasinda, delaminasyon, elyaf kopmasi, elyaf-matris
arayliz ve termal hasar, ylizey tamliginin bozulmasi
gibi olumsuz durumlar meydana gelmektedir [9-11].

Uygun olmayan parametre sec¢imi, Sekil 1°de
goriildiigiic gibi delik yilizeyinde termal hasar,
laminattan bir matkap ucu ¢iktiginda asagiya dogru
delaminasyon ve elyaf kopmasi gibi istenmeyen
durumlara sebep olmaktadir. Bu kusurlar {izerinde
delaminasyon, en 6nemli etkiye sahiptir.

i

peekup delamination
at hole entrance
I é
.
- \‘
‘-E;-push-down
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point angle
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PN B
Fz:
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Sekil 1. Kompozit malzemede delme esnasindaki
delaminasyon (Delamination during drilling in composite
material) [12]

Delaminasyon, havacilik ve uzay endiistrisinde
pargalarin son montajlarinin yapilmasi esnasinda
Olciisel hatalara ve mekanik ozelliklerin azalmasina
sebep olmaktadir. Bu sebeplerle, delaminasyon
olusumunun azaltilmasi i¢in kesme parametrelerinin
yani sira matkap geometrisinin optimum bir sekilde
belirlenmesi  gerekmektedir. Bircok ¢alismada
delaminasyon, optik tarama ve dijital goriintii alma
islemleri ile belirlendigi gozlenmektedir. Genellikle
delaminasyon orani, delme esnasinda kompozit
malzeme iizerinde olusan maksimum hasar ¢apinin
matkap ¢apina oranlanmasi ile hesaplanmaktadir
[13].

Delik delme, talasli imalat yontemlerinden en sik
kullanilan ve uzun zaman alan islemdir. Genellikle
delik delme islemi son islem adimidir. Bu nedenle
yapilacak en ufak bir hata malzemenin hurdaya
cikmasina veya maliyetin artmasina neden olacaktir.
Tim delik delme islemleri baz alindiginda diger
operasyonlar iginde %36 oranla tek basina en ¢ok
gerceklestirilen islemdir [14,15].

Literatiirde ETPK malzemelerin delinmesi iizerine
caligmalarin oldugu goriilmistiir. Bu caligmalarin
cogu matkap veya kesici geometrileri {izerine oldugu
goriilmiigtiir. Durao ve ark., bes farkli matkap
geometrisinin (twist 120°, twist 85°, Brad, Dagger
and Step) ilerleme kuvveti ve delaminasyon
lizerindeki etkisini arastirmiglardir. Twist 120°
matkap ile delaminasyonun minimize edilebildigi ve
ilerleme kuvvetinin Dagger ve Step matkaplarda
diger matkaplara gore daha az oldugunu
belirtmiglerdir [16]. Abrao ve ark., CETPK’nin
delinmesinde kullanilan “Brad&Spur”, matkaplarin
delik yiizey kalitesi ve mekanik yiikler agisindan iyi
sonuglar verdigini belirtmislerdir [17]. Davim ve
Reis, KETP kompozitin delinmesinde, deney
tasarimi teknigini kullanarak kesme parametreleri ile
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kesme giicii, kesme basinct ve delaminasyon
arasindaki korelasyonu arastirmislardir [18]. Heisel
ve Pfeifroth, farkli u¢ agilarmma (155°-175°-185°-
185°/178°) sahip sementit karblir matkaplar ile
KETPK’nin delinmesinde, matkap wu¢ agisinin
artmasi ile delik girisinde ylizey kalitesinin daha iyi
oldugu, ancak delik ¢ikisinda ise delaminasyonun
artigin1  belirtmiglerdir.  Ayrica, 155° u¢ agili
matkapta kesme hizinin artmas: ile ilerleme kuvveti
arttig1, ancak delik yiizey kalitesinin etkilenmedigini
ifade etmislerdir [19].

Bu calismada ise, karbon elyaf takviyeli polimer
kompozitlerin (KETPK) Al ile istifli (Al/KETPK/AI)
delinmesinde delik c¢ikis delaminasyonu, literatiir
aragtirmalart  dogrultusunda belirlenen optimum
parametrelerle; 2 farkli matkap ug¢ agis;, 2 farkl
matkap helis acisi, 3 farkli kesme hizi ve 3 farkli
ilerleme  miktarina  bagli  olarak  deneysel
arastirtlmistir. Deneyler sonucunda, kesme hizinin
artmast ile delaminasyon oranmin azaldigi ayni

zamanda  ilerleme  miktarmin  artmasi1  ile
delaminasyon oranmin arttig1 goriilmistiir. En diisiik
delaminasyon 118° ug acis1, 22.5° helis acisina sahip
matkaplarla en yiiksek kesme hizi 100 m/dak’da ve
en diigiik ilerleme miktar1 olan 0.05 mm/dev’de elde
edilmigtir.

2. MATERYAL VE YONTEM (MATERIAL AND
METHOD)

Bu calismada, KETPK malzeme Al 6013-T651
malzeme ile alt-list istifli olarak 90° ve 118° ug
acisna ve 15° ve 22,5° helis acisina sahip
kaplamasiz taslanmis HSS matkaplar kullanilmistir.
Delme isleminde 0.05-0.1-0.2 mm/dev ilerleme
miktar1 ve 45, 67, 100 m/dak kesme hizi degerleri
kullanilmistir. Delik delme islemleri sonucunda
belirtilen sartlarda delik ¢ikis delaminasyonlart
aragtirtlmistir. Tablo 1’de deneylerde kullanilan
parametre tablosu verilmistir.

Tablo 1. Deneylerde kullanilan kesme parametreleri (Cutting parameters used in experiments)

Tezgah Johnfordh VMC 550 Fanuc
90° Ug agist 15° Helis ag1st
22.5° Helis agis1
Matkaplar (J7) Taglanmig kaplamasiz HSS ;
118° Ue acist 15° Helis agis1
¢ agls 22.5° Helis agis1

Deney malzemesi

Karbon elyaf takviyeli polimer kompozit
Al 6013-T651 (istif malzemesi)

Kesme hizi (m/dak)

45, 67, 100

Kesme parametreleri

Ilerleme miktar1 (mm/dev)

0.05-0.1-0.2

Delik sayisi Kesme parametreleri ve matkap kombinasyonlari i¢in toplam 36 adet

Deneylerde  kullanilan ~KETPK  malzeme, malzemesinin yogunluk testi sonucu, mekanik,
0°/45°/90°/45°/-45°/90°/45°/0°  dizilimine sahip, termal ve elektriksel Ozellikleri Tablo 2’de
80x52x10 mm  boyutlarinda lamine olarak verilmistir.

tasarlanmistir. ASTM D 792'ye gére KETPK

Tablo 2. KETPK malzemenin ASTM D 792°ye gore fiziksel 6zellikleri (Physical properties of KETPK material according
10 ASTM D 792)

o . Termal Elektriksel Cekme Cekme
Malzeme 2{(;/%1;131;1 k ;{}Eﬁ i:lelyaf iletkenlik Fl}rﬁl)f capt iletkenlik modiilii | gerilmesi
& siriig WmK) | (u-Q-m) (GPa) | (GPa)
KETPK 1.59 %74.6 5 7 18 231 3.75

Deneyler, JOHNFORD VMC-550 marka CNC
dik isleme merkezinde (Sekil 2), Makine takim

endiistrisinden temin edilen 7 mm ¢apinda matkaplar
(Tablo 3) kullanilarak yapilmistir.
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A16013)
KETPK-

-
Al6013

Sekil 2. Deney diizenegi (The experimental setup)

Tablo 3. Deneylerde kullanilan matkaplarin teknik dzellikleri (Technical properties of drills used in experiments)

Matkaplar (ﬁﬁ) Helis agist | Us actst Heg; Ik;l(;yu (EEI};) Matkap goriiniimi
Kap}llasnéasm 7 15° 90° 69 109
KapI}IaSnéasm 7 29 50 90° 69 109
KapI}IaSnéasm 7 15° 118° 69 109
KapI}IaSnéasm 7 29 50 118° 69 109

Al6013/KETPK/A16013 istifli yapt delme islemi
sonrasinda KETPK malzemelerin goriintiileri taranip
Sekil 3’de goriildiigii gibi delik ¢ap1 (Darin) ve hasar
capt (Dmax) belirlenerek delaminasyon orant (fq)

Sekil 3. Deneyde kllanllan KETPK malzemenin delik ¢ikis delaminasyonu (Hole exit delamination of KETPK material)

3. DENEYSEL SONUCLAR ve TARTISMA

(EXPERIMENTAL RESULTS and DISCUSSION)

Karbon elyaf takviyeli
delik

delinmesinde

cikis

kompozitlerin
delaminasyonunun

istifli

hesaplanmistir. Delaminasyon oranint hesaplamak
icin fg=Dmax/Darin esitligi kullanilmistir [11,20].

— — Damage area
~d 4

aragtirtldigt bu calismada elde edilen verilerle
grafikler olusturulmustur. Sekil 4’de farkli matkap ug
acist ve helis acisinda her bir kesme sartinda elde
edilen verilerle olusturulan grafikler verilmistir.
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15° Helis agis1-118° ug agisi a 22,5° Helis agis1-118° ug agisi b
= - .
51.06 £1.06
§1-04 51.04
71.02 21.02 |
E 1 E 1 b
o © E =
a 45 0,2 g 45 & 0,2
0,1 0,1
V (m/dak) 67 V (m/dak) 67 A
0,05 f(mm/dev) 0,05 f (mm/dev)
100 100
15° Helis agis1-90° ug agisi C 22,5° Helis agisi-90° ug agisi d
- _ |
©
£1.06 £1.06
§1-04 51.04
21.02 21.02
£ 1 £ 1
€ £
- T
& 45 02 2 a5 0,2
0,1 0,1
V (m/dak) 67 : V (m/dak) 67 .
0,05 f (mm/dev) 0,05 f (mm/dev)
100 100

Sekil 4. Farkli matkap ug acist ve helis agisinda kesme parametrelerine bagli delaminasyon oranlart (Delaminations
rates depending on cutting parameters in different drill point angle and helix angle)

Sekil 4 incelendiginde, kesme hizinin artmasi ile
delaminasyon oranmin azaldigi ayni zamanda
ilerleme miktarinin  artmast ile delaminasyon
oraninin arttig1 goriillmektedir. Kesme hizinin artmasi
kesme kuvvetlerini azalttigi ve delaminasyonlarin
azaldigi, ilerleme miktarinin artmasi ile de kesme
kuvvetlerinin arttigt ve dolayist ile delaminasyon
oraninin arttig1 soylenebilir [16,19,21-23].

Genel olarak 118° ug¢ acili ve 22.5° helis agili
matkaplarla yapilan deneylerde delaminasyonlarin
90° u¢ acil1 ve 15° helis acil1 olanlara oranla daha az
oldugu goriilmektedir. Delik delme islemlerinde
kullanilan matkaplarin ug¢ agis1 degistikce ilerleme
kuvvetinin yonii degismektedir (Sekil 1) [12]. Bu
durum kesme bdlgesinde deformasyonun yoniinii
degistirmektedir. Daha biiylik u¢ agili matkaplarla
yapilan deneylerde bu yon daha stabil olan alt
plakaya dogru olurken ug acisi kiigiildiikge yon, daha
az stabil olan KETPK malzemeye yonelmektedir. Ug
acist  biiyiik olan matkaplardaki delaminasyon

oranlarinin az olmasi bu duruma baglanabilir. Bu
baglamda diisiik uc¢ acis1 ve diisiik helis agis1
delaminasyon oranin1 artirmistir (Sekil 4-c).

Karbon fiber kompozit malzemeleri istifli delme
islemleri delaminasyon oranini azaltmakla birlikte
istif malzemesi olarak metal esasli malzemelerin
kullanilmas: metal talas olusumu ve sivanmasi
karbon fiber tabakaya zarar vermektedir [24,25].
Kesme hizlariin artmasi ile delaminasyon oranin
azalmasin1 kesme hizinin artmasi ile metal talas
yapismasi/sivanmasi egiliminin azalmasina baglamak
miimkiindiir. Sekil 5-a ve b’de 100 m/dak ve 0.05
mm/dev’de yapilan deneydeki matkap ucu
gosterilirken Sekil 5-c ve d’de 45 m/dak ve 0.05
mm/dev’de yapilan deneydeki matkap ucu
gosterilmigtir.  Sekil 5’te gosterilen diigiik kesme
hizlarindaki  bu  talas  olusumu/sivanmasinin
delaminasyonlar1 artirmistir.
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Sekil 5. Matkap ug goriintiileri (A-B: 100 m/dak ve 0,05 mm/dev, C-D: 45 m/dak ve 0,05 mm/dev) (Drill point images)

Bu calisma i¢in en diisiik delaminasyon orani
118° ug agili, 22.5° helis agili matkaplarla en yiiksek
kesme hizi 100 m/dak’da ve en diisiik ilerleme
miktari olan 0.05 mm/dev’de elde edilmistir (Sekil 4-
b). En kotii delaminasyon oranlari ise 90° ug agili
matkaplarla diisiik kesme hizinda (45 m/dak) yapilan
deneylerde elde edilmistir (Sekil 4 ¢ ve d).

4. SONUCLAR (CONCLUSIONS)

Karbon elyaf takviyeli malzemenin istifli delme
isleminde delik ¢ikis delaminasyonlarin aragtirildig:
bu caligma ile elde edilen 6nemli bulgular asagidaki
gibi 6zetlenebilir;

* Kesme hizinin artmasi ile delaminasyon
oranmin azaldiglr ayni zamanda ilerleme miktarinin
artmast  ile  delaminasyon  oranmm  arttig
gOriilmistiir.

* Genel olarak 118° ug agili ve 22.5° helis agili
matkaplarla yapilan deneylerde delaminasyonlarin
90° u¢ acil1 ve 15° helis agil1 olanlara oranla daha az
oldugu goriilmiis, diisiik uc agis1 ve diisiik helis agis1
delaminasyon oranini artirmistir.

» Karbon fiber kompozit malzemeleri istifli
delme islemleri delaminasyon oranini azaltmakla
birlikte istif malzemesi olarak metal esash
malzemelerin kullanilmasi metal talas olusumu ve
stvanmast  karbon fiber tabakaya zarar verdigi
gorilmiistiir.

 Kesme hizinin artmasi ile metal talag
yapismasi/sivanmasi egiliminin azaldigt bu da
delaminasyon  oranin  azalmasinm sagladig1
gorillmiistiir.

* En kiiglik delaminasyon orani 118° ug acili,
22.5° helis ag¢ili matkaplarla en yiiksek kesme hizi
100 m/dak’da ve en diisiik ilerleme miktar1 olan 0.05
mm/dev’de elde edilmistir.

* En kot delaminasyon oranlari ise 90° ug agili
matkaplarla diigiik kesme hizinda (45 m/dak) yapilan
deneylerde ortaya ¢ikmustir.

CIKAR CATISMASI BIiLDiRiMi (conFLicT OF
INTEREST STATEMENT)

Yazarlar tarafindan herhangi bir ¢ikar gatismasi
bildirilmemistir.
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Dielektrik malzemelerin yaslanmasi, servis verdikleri siire boyunca kaginilmaz bir durumdur.
Dielektrik malzemelerin, elektriksel Ozelliklerinin yanisira yiizey Ozellikleri de kararli
calismasina, performansina ve servis verme siiresine etki eden 6nemli faktorler arasindadir.
Elektrik alan ve nem varliginda elektriksel yaslanma olaylarinin basladigi ve hizlandig: ele
alindiginda, islanabilirligin 6zellikle dis mekan uygulamalarinda biiyiik 6nem arz eden yiizey
ozellikleri arasinda oldugu asikardir. Islanabilirlik, kat1 yiizeylerin karakterize edilmesine ve kati-
siv1 etkilesimlerini belirlemeye imkan saglamaktadir. Bu ¢alismada dielektrik malzeme ylizeyine
damlatilan 167,9 mS/cm iletkenlige ve 20 pL hacme sahip tuzlu su damlaciklarinin anhik
goriintiileri dijital mikroskop kullanilarak 1., 10., 20., 30, 40. ve 50. dakikalar olmak iizere 5 farkli
zaman noktasi i¢in alinmigtir. Elde edilen goriintiiler, goriintii igleme teknikleri kullanilarak
iyilestirilmis ve damlacik goriintiisii boliitlenmistir. Tuzlu su damlacik goriintiilerine Ayrik
Kosiniis Doniisiimii (AKD) uygulanmis ve AKD katsayilart ¢ikartilmistir. Cikartilan katsayilarin
standart sapmasi i¢in zamana bagl olarak sagilim grafigi ¢izdirilmistir. Elde edilen zamana bagl
noktalar igin egriler (linear ve quadratic) uydurulmus ve uydurulan egrilerin matematiksel
esitlikleri elde edilmistir. Dielektrik malzemelerinin yiizeyleri i¢in 1slanabilirligi ve buharlagsma
hizin1 degerlendirmeye ve yorumlamaya yonelik olarak AKD tabanli bir yaklagim sunulmustur.
Sonug olarak goriintii isleme teknikleri kullanilarak buharlagma, zaman, islanabilirlik ve temas
acis1 arasindaki iligski gbzlemlenmistir.
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The aging of dielectric materials is unavoidable during their service life. In addition to the
electrical properties of dielectric materials, the surface properties that affect their stable operation,
performance, and service life are among the important factors. Considering that the electrical aging
phenomena initiate and grown in the presence of electric field and humidity, it is obvious that
wettability is among the surface properties that are of great importance especially in outdoor
applications. Wettability allows characterization of the solid surfaces and determination of solid-
liquid interactions. In this study, snapshots of saltwater droplets with a conductivity of 167.9
mS/cm and a volume of 20 pL dropped onto the dielectric material surface were taken using a
digital microscope for 5 different time points, 1st, 10th, 20th, 30th, 40th, and 50th minutes. The
obtained images were enhanced using image processing techniques and the droplet image was
segmented. Discrete Cosine Transform (DCT) was applied to the saline droplet images and the
DCT coefficients were extracted. The standard deviation of the extracted coefficients was plotted
as a time-dependent scatter graph. For the time-dependent points obtained, linear and quadratic
polynomial curves were fitted and the mathematical equations of the fitted curves were obtained.
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A DCT-based approach is presented to evaluate and interpret the wettability and evaporation rate
for the dielectric materials' surfaces. As a result, the relationship between evaporation rate, time,

wettability, and contact angle is observed using image processing techniques.

https://dx.doi.org/10.30855/gmbd.2021.02.09

1. GIRIS anvTrODUCTION)

Islanabilirlik, bir sivinin bir yiizey {izerine
yayilmasi, bir sivinin goézenekli bir ortama niifuz
etmesi veya bir sivinin digeriyle yer degistirmesi
olabilir. Islanabilirlik, ylizeyleri karakterize etmeye ve
kati/sivi  etkilesimlerini  belirlemeye  yardimci
olmaktadir. Islanabilirlik ¢ogunlukla duragan damla
(sessile drop) ile tanimlanmaktadir [1]. Dielektrik
malzemelerin ylizey dzellikleri, malzemelerin kararli
calismasina, performansina ve servis Omiirlerine
onemli seviyede etki etmektedir. Dielektrik
malzemelerin yiizey oOzellikleri arasinda bulunan
islanabilirlik  karakteristiginin ~ (hidrofobisite  ve
hidrofilisite) belirlenmesi ve degerlendirilmesi temas
acist 6lctimleri gergeklestirilerek yapilmaktadir [2, 3].
Elektrik alan ve nem mevcudiyetinde elektriksel
yaglanma olaylarmin basladigi ve biyidigi de
dikkate alindiginda dielektrik malzemelerin yiizey
islanabilirlik davraniginin 6nemi ortaya ¢ikmaktadir
[4-8].

Islanabilirlik kavramui ile bilyiik bir ilintisi bulunan
buharlagsma hizi ¢ip tizerinde laboratuvar (lab-on-
chip) gibi bircok modern teknolojide kendine yer
bulmaktadir. Buharlasma hizi, tuz ¢ozeltileri igeren
damlaciklarin buharlasmasinda tuz konsantrasyonu
zamanla birlikte degismektedir. Tuz
konsantrasyonundaki degisim damlacik buharlagsma
hizin1 etkilemektedir [9]. Bu baglamda, duragan
damlanin buharlagma hizi; damla yarigapi, temas
acist, bagil nem, ortam sicakligi, damlacik boyutu,
piiriizlillik, atmosferik basing, 1slanabilirlik ve
difiizyon katsayisi gibi birgok faktore baghidir [9-16].

Literatiirde =~ farkli  sivilar, farkli  yiizey
parametreleri, farkli ¢evre kosullart ve farkli
dielektrik malzeme yiizeyleri igin 1slanabilirlik ve
buharlasma  hizi  {izerine  birgok  ¢alisma
bulunmaktadir. Almohammadi ve Amirfazli, elektrik
alan olmasi ve olmamasi durumunda PEMA,
aliminyum, PS ve Teflon ylizeyler i¢in duragan bir
damlanin dogal (difiizyon smirli) buharlagmasim
incelemislerdir. Elektrik alanmin duragan su
damlacig1 geometrisi (temas agisi, taban c¢izgisi ve
ylzey alan1) Tzerindeki etkisini farkli yiizey
slanabilirlikleri i¢in incelemislerdir. Buharlagma
stiresini ve modunu arastirmak i¢in buharlagma hizini,
temas acgisini, ylizey alanini ve damlacigin taban
cizgisini Olgmiislerdir. Cok biiylik temas agisi

histerezisi olan ylizeyler harig, elektrik alaninin
buharlasma oranin1  azalttigimi  (veya zamani
arttirdigini) gézlemlemislerdir [17].

Hu ve Larson, sekli yer¢ekiminden etkilenmeyecek
kadar kiiciik ve dolayisiyla kiiresel sekilde bir tepecigi
andiran bir damlacik tizerindeki buhar
konsantrasyonu dagilimint ve buharlagsma akisini
¢ozmek i¢in bir FEM modeli gelistirmislerdir. Buhar
fazi  su  konsantrasyonu  alani,  damlacik
yiiksekligindeki degisikliklere hizla uyum sagladigini
ve yar1 sabit olarak kabul edilebilir oldugunu
belirtmiglerdir [14]. Rowan ve arkadaglari, PMMA
malzeme ylizeyindeki su damlaciklarinin
buharlagmasinin incelenmesine yonelik olarak temas
acis1 ve yiikseklik 6l¢iimlerini kullanmiglardir. Kiitle
kaybt hizinin kiiresel yarigapla degil, damlacik
yiiksekligiyle orantili  oldugunu belirtmiglerdir.
Zaman iginde yiikseklik ve temas acist igin
dogrusallik gézlemlemislerdir [18].

Erbil ve arkadaslari, bir video-mikroskopi teknigi
kullanarak zamana bagli damla buharlagmasini
izleyereck PMMA ve PET yiizeylerindeki su
damlalarmin gerileyen temas agilarint dlgmislerdir.
Video-mikroskopi teknigi ve goriinti analizi ile
PMMA ve PET yiizeylerdeki farkli hacimlerdeki su
damlalar1 i¢in zamanla temas c¢ap1 degisimini
gozlemlemislerdir. PMMA yiizeyindeki daha biiyiik
damla boyutu i¢in hem ilerleyen (“advancing”) temas
acisinin §, hem de gerileyen (“receding”) temas
acisinin 6, daha yiiksek oldugunu goézlemlemislerdir.
[19]. Wang ve arkadaslari, PMMA yiizeyi igin etanol
ve su kariggimi  igeren duragan damlanin
buharlagsmasini incelemislerdir. Saf su damlast ve
etanol-su  damlasi testinin farkli  buharlagma
davranislar sergilediklerini gézlemlemislerdir [20].

Bu c¢alismada, dielektrik malzeme yiizeyi {izerine
tuzlu su ¢ozeltisi damlatmak ve damlacik goriintiisii
almak icin bir platform tasarlanip uygulanmistir.
Hazirlanan platform yardimiyla dielektrik malzeme
ylizeyi lizerinden farkli zaman noktalarindan alinan
damlacik goriintiileri goriintii  isleme teknikleri
yardimiyla iglenmistir. Literatiirde duragan damlanin
yiikseklik, temas c¢api, yiizey alani ve hacim gibi
damlacigin geometrisi ile iliskili degerler OSlgiiliip
buharlagsma hizina yo6nelik degerlendirmeler yapildigi
gozlemlenmistir. Bu calismada, dielektrik malzeme
ylizeyi ig¢in 1slanabilirlik ve buharlasma hizini
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inceleyeme yonelik olarak goriintii isleme tabanli yeni
bir perspektif sunulmustur.

2. MATERYAL VE METOT (MATERIAL AND
METHOD)

2.1 Temas Acisi (Contact Angle)

Thomas Young [21] tarafindan tanimlanan
islanabilirlik  kavrami  kati-sivi etkilesimlerini
belirlemeye imkan saglamaktadir. Kati ylizeyleri
karakterize etmeye yardimci olan 1slanabilirlik
kavrami malzemelerin temel 6zellikleri arasindadir ve
ylizey miihendisliginde aktif ve onemli bir rol
oynamaktadir. Bir ylizeyin 1slanabilirligi
(hidrofobikligi ve hidrofilikligi), {i¢ yiizey geriliminin
(sv1 ylizey gerilimi (YLV), kat1 yiizey gerilimi (ySV)
ve sivi-katt ara yiizey gerilimi (ySL)) arasindaki
mekanik bir dengenin sonucunda olusan temas agist
ile agiklanmaktadir ve Young denklemi ile ifade
edilmektedir. Ifade edilen bu esitlik Es. 1’de
verilmistir. Ayn1 zamanda Young agis1 veya statik
temas acis1 olarak tanimlanan temas agis1 igin esitlik
Es. 1°de verilmistir [22]. Sekil 1°de kat1 bir yiizey
iizerine birakilan damla i¢in temas agist ve yiizey
gerilimlerine yer verilmigtir. Sekil 1’de gosterildigi
iizere Olciilen temas agisinin (8) 90°’den kiigiik veya
bliyllk olma durumuna gore malzeme yiizeyinin

hidrofilisitesi ~ veya  hidrofobisitesi ~ hakkinda
degerlendirme yapilabilmektedir.
cos g = L2Y-r5L (D)
YLV
1LY
Kan

Sekil 1. Duragan damla ve temas agisi (Sessile drop and
contact angle)

2.2. Damlacik Goriintiilerinin Ahnmasi ve Temas
Acis1 Olgiimii (Acquisition of Droplet Images and Contact
Angle Measurement)

Goriintli  isleme tabanli 1slanabilirligin ~ ve
buharlasma hizinin incelenmesine yonelik olarak
sunulan bu yaklasimda, dielektrik malzemeleri
temsilen mithendislik uygulamalarinda yaygin olarak
kullanilan elektriksel yalitkan bir malzeme olan Poly
(methyl methacrylate) (PMMA) dielektrik malzeme
kullanilmastir. PMMA malzeme, elektrik
mithendisligi uygulamalarinda, yiiksek gerilim
uygulamalarinda, biyomedikal uygulamalarda ve
optik uygulamalarda aktif rol oynayan 6nemli ve ¢cok
yonlii bir polimerik malzemedir [2, 23-26].

Dielektrik malzemenin yilizeyinin ortalama yiizey
ptiriizliilik degeri (Ra) 0.008 pm olarak 6l¢iilmiistiir.
Ortalama yiizey piiriizliiliik degerini (Ra) 6lgmek igin
Mitutoyo SJ-410 profilometre kullanilmustir. Yiizey
tizerine birakilacak damla igin 167.9 mS/cm
iletkenlige sahip bir NaCl ¢ozelti hazirlanmistir.
Hazirlanan ¢o6zeltinin iletkenlik degerleri gercek
hayatta elektriksel yalitkanlarin, sivi anlaminda
kargilagabilecegi veya maruz kalabilecegi degerlere
yakin degerler olarak 6ngoriilmiistiir. Hazirlanan tuzlu
su ¢ozeltisinin iletkenlik degeri SG78 — SevenGo Duo
pro pH/Ion/Conductivity Meter, Mettler Toledo,
Spain) yardimiyla Olgiilmiistiir. Numune yiizeyine
birakilan tuzlu su damlaciklarinin hacmi yaklasik 20
pL'dir. Tuzlu su ¢ozeltilerinin damlatildigi siringa
yaklagik olarak 0.80 mm egim uzunluguna (‘bevel
length’) ve 29.69° egim agisina (‘bevel angle’)
sahiptir. Islanabilirlik ve buharlagma hizi analizi igin
damlacik gorlintiileri ve temas agis1 Olglimil
yapilmadan once dielektrik malzeme numune
ylizeyinin diizgiin ve temiz olmasina dikkat edilmistir.
Her dielektrik malzeme numune yiizeyine tuzlu su
cozeltisi damlatilmadan 6nce numune yiizeyi alkol ile
temizlenmis ve sonra kurutulmustur.

Belirlenen farkli zaman noktalarinda dielektrik
malzeme yiizeyi lizerinden damlacik goriintiisii almak
ve temas agist Ol¢imleri gergeklestirmek igin
tasarlanan sistemin donanim kismi Sekil 2’de
verilmistir. Tuzlu su damlacik goriintiileri Celestron
44308 dijital mikroskop yardimryla alinmistir. Alinan
damlacik goriintiilerinden temas agist Olglimleri
Karhan’m [2] gelistirdiZi MATLAB yazilim
platformunda hazirlanan GUI (graphical user
interface-grafiksel  kullanict  arayiiz) iizerinden
gergeklestirilmistir.  Temas  agis1  Olglimlerinin
gergeklestirildigi bu GUI’de Olglimler yarim a1
metodu (6/2) yontemine dayanmaktadir. Yarim aci
yontemi, sabit damlanin ideal bir kiirenin parcasi
oldugunu ve damlanin yandan goriiniimiiniin bir daire
oldugunu varsayar. Sonug¢ olarak, bu yontem
yardimryla damlanin yarigapina ve yiiksekligine bagl
olarak temas acist hesaplanir [22,27]. Sekil 2° de
dielektrik malzeme yiizeyindeki tuzlu su damlacik
goriintiilerinin alindig1 platforma yer verilmistir.

2.3. Ayrik Kosiniis Doniisiimii (Discrete Cosine
Transform)

Ahmed ve arkadaglart [28] Ayrik Kosiniis
Déniistimiinii (AKD) ilk olarak yetmisli yillarin
baslarinda tanitti. AKD, isaret ayrigtirma ve
sikisgtirmada yaygin olarak kullanilan popiiler bir
yontemdir. AKD, temel olarak bir isareti degisen
biiyiiklik ve frekanslardaki siniizoidlerin toplami
olarak temsil eder. Boylelikle bu doniisiim yardimiyla,
goriintiiniin  piksel degerleri bir alandan digerine
aktarilir. AKD doniisiimii, bir DC katsayisi ve AC
katsayilarindan olusur. Birkag diisiik seviyeli frekans
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katsayisinda  saklanan  doniistiiriilmiis  gOriintii
bilgilerinin ¢ogu goriintiiniin sol st kdsesinde
bulunur [29,30].

Dijital Mikroskop

ileri - Geri Hareket
Mekanizmas

M ekanizm ast

Sy

Asag - Yukan Hareket

Sirmga Kontrol
Damlatma M elanizmasy

Dielelarik Malzeme
Numunesi

Isik Kaynag

ekil 2. Damlacik goriintiisii almak i¢in tasarlanip uygulanan platform
kil 2. Damlacik g t Imak i¢in tasarlanip uygul platf
(The designed and implemented platform to take the droplet image)

Bir MxN’lik bir X goriintiisiiniin Ayrik Kosiniis
Doniisiimii Es. 2 ve Es. 3’te tanimlanmuistir.

_ M-1vN-1
Cpq = apag Xim=0 2in=0 Xmn €OS

(1M, _(1/VN, =
ap = \/Z/_M’15p5M—1 aq = \/Z/_N'15qu—1

Bu c¢alisma kapsaminda dielektrik malzeme
ylizeyine  birakilan  damlacik  goriintiilerinden
cikartilan AKD katsayilar1 ve bu katsayilarin standart
sapmalart  Oznitelik ¢ikartma islem basamagini

Cpq degerlerine X’in AKD katsayilari denir.

n(2m+1 m(2n+1) —
( )pcos ( q 0spsM-1
2M 2N

 0<qsN-1 @)

(€)

olusturmaktadir. Dielektrik malzeme yiizeyleri i¢in
1slanabilirlik ve buharlagsma hizinin analizine yonelik
onerilen AKD tabanli yaklasimin islem basamaklari
Sekil 3’ te verilmistir.

Sekil 3. Islanabilirlik ve buharlagsma hizinin analizine yonelik 6nerilen AKD tabanli yaklagimin blok diyagrami
(Block diagram of the proposed DCT-based approach to analysis of wettability and evaporation rate)

3. BULGULAR VE TARTISMA (RESULTS AND
DISCUSSION)

Temas acis1 Olglimleri yapilirken Karhan’in [2]
gelistirdigi MATLAB  yazilim  platformunda
hazirlanan kullanic1 arayiizii kullanilmistir. Kullanilan
bu GUI temas agist hesaplamalarint yarim ag1
yontemini  kullanarak  yapmaktadir.  Dielektrik
malzeme yiizeyine damlatilan 167.9 mS/cm
iletkenlige ve 20 pL hacime sahip tuzlu su

damlacigmin damla sekli degisimi ve temas agisi
degerleri  Sekil 4'te gosterilmistir. Temas agisi
degerleri hesaplanirken ve damlacik goriintiileri
alinirken ortam sicakligi 23.5°C+1°C, nem ise RH
%34+2 olarak Olciilmistir. Dogal buharlagsma
nedeniyle damlacigin taban yarigapinda ve
yiiksekliginde degisiklikler gozlemlenmistir.
Damlacigin taban ¢apmdaki degisim, damlacigin
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yiiksekligindeki degisimin yaninda ihmal edilebilecek
seviyelerdedir.

65 T T T T

60

&
&n

wh
(=]

Temas Agisi f# (Derece)
= o
(=] th
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o
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=

L L L L L
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30 35 40 45 50 55

Zaman (Dakika)
Sekil 4. Buharlagma nedeniyle temas agisindaki degisim (Change in contact angle due to evaporation)

Buharlasma hizin1 analiz etmek adina onceden
belirlenen farkli zaman noktalarinda (1., 10., 20., 30.,
40. ve 50. dakikalar) malzeme yiizeyinden damlacik
goriintiileri dijital mikroskop yardimiyla alinmistir.
Goriintii alim1 i¢in segilen zaman noktalari, temas
acisindaki degisimi, damlacik hacmindeki degisimi ve
damlacik yiiksekligindeki degigsimi net bir sekilde
gozlemleyebilmek i¢in deneysel olarak belirlenmistir.
Elde edilen gorintilerden damlacik goriintiileri
boliitlenip kirpildiktan sonra her bir goriintiiye ayrik
kosiniis doniigiimii uygulanarak AKD katsayilar: elde
edilmistir. Sekil 5’te sirasiyla 1., 10., 20., 30., 40. ve
50. dakikalarda dielektrik malzeme yiizeyi iizerinden
alman 167.9 mS/cm iletkenlige sahip tuzlu su
damlacik goriintiilerinin = AKD islemi sonrasi

logaritmik Ol¢ek kullanilarak gdriiniimlerine yer
verilmigtir.

Sekil 6’da sirasiyla 1., 10., 20., 30., 40. ve 50.
dakikalarda dielektrik malzeme yiizeyi {iizerinden
alman 167.9 mS/cm iletkenlige sahip tuzlu su
damlacik goriintiilerinin AKD katsayilarinin standart
sapmalarina yer verilmistir. Sekil 6’da da goriildiigi
iizere katsayilar temas acilartyla ilintili bir sekilde
dogrusal sekilde arttig1 gézlemlenmistir. Bu anlamda
islanabilirlik ve buharlasma hizina yonelik olarak
AKD katsayillarinin  anlamli  bilgiler icerdigi
gozlemlenmistir. Sekil 6’da AKD katsayilariin
standart sapmalar1 i¢in uydurulan egrilere (linear ve
quadratic) yer verilmistir.
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AKD islemi sonras: gériintiiniin logaritmik bir 8igek kullamlarak gériiniimii (1. dak) AKD islemi sonrasi griintiinii ik bir Slcek (10, dak)

AKD islemi sonrasi gériintiiniin logaritmik bir dlgek kullanilarak gériinimii(20. dak) AKD iglemi sonras: goriintiiniin logaritmik bir Slgek kullanilarak mii(30. dak)
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Sekil 5. AKD islemi sonrasi goriintiilerin logaritmik bir 6l¢ek kullanilarak goriinimii (The view of images after the DCT
process using a logarithmic scale)
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Sekil 6. AKD katsayilarimin standart sapmasi i¢in uydurulan egriler (linear ve quadratic) (The fitted curves (linear and
quadratic) for the standard deviation of the DCT coefficients)

AKD katsayilarmin standart sapmalari i¢in elde degerlendirmeler yapilabilmektedir. Tablo 1’de

edilen bu egriler, dielektrik malzemelerin ylizey
ozellikleri, 1slanabilirlik davranisi ve buharlagma hizi
arasindaki korelasyona 1sik tutmaktadir. Boylece bu
parametreler lizerinden zamana bagli olarak

uydurulan egrilerin esitliklerine ve R? degerlerine yer
verilmistir. Uydurulan egrilerin R? degerlerinin
birbirine ¢ok yakin degerler aldig1 gézlemlenmistir.
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Tablo 1. AKD katsayilarinin standart sapmalari i¢in uydurulan egriler
(Fitted curves for the standard deviations of the DCT coefficients)

Egri Uydurma

o )
Yéntemi Derece Esitlik R
Polinomsal 1 (Linear) y = 0.59x + 97 4 09919
Polinomsal 2 (Quadratic) y = 0.00024x% + 0.57x + 97 (5) 0.9921
4. SONUCLAR (CONCLUSIONS) KAYNAKLAR (REFERENCES)

Dielektrik malzemeler hizmet verdikleri siirece
yaglanma kacinilmaz bir olaydir. Bu c¢alismada,
dielektrik malzemelerin, elektriksel 6zelliklerinin
yani sira kararli calismasina, performansina ve servis
verme siiresine etki eden temel yiizey 6zelliklerinden
biri olan 1slanabilirlik davraniginin goriintii isleme
tabanlt  analizi  gerceklestirilmistir. ~ Dielektrik
malzeme yiizeyine167.9 mS/cm iletkenlige ve 20 pL
hacme sahip tuzlu su damlacig: birakilmistir. 1., 10.,
20., 30, 40. ve 50. dakikalarda yiizey tizerindeki tuzlu
su damlacigindan ayni sartlarda alinan goriintiilerin
Ayrik Kosiniis Doniisiimii katsayilar1 ¢ikartilmigtir.
Cikartilan katsayilarin standart sapmalarina ait
sacilim grafigi zamana bagl olarak ¢izdirilmistir.
Elde edilen zamana bagl noktalar i¢in 1. derece ve 2.
derece (linear ve quadratic) egriler uydurulmustur.
Elde edilen egriler yiiksek R2 degerlerine sahiptir.
Zamana bagli olarak farkli zaman noktalarinda elde
edilen temas agilarinin dogrusal bir sekilde azaldigi
gozlemlenirken, AKD sonrasi elde edilen katsayilarin
standart sapmasi da ilintili olarak dogrusal bir sekilde
arttigl  gozlemlenmistir. Sonug¢ olarak damlacik
goriintiilerinden AKD kaynakli elde edilen noktalar,
temas agist ile yiiksek seviyede ilintili oldugu
gozlemlenmistir. Sunulan bu yaklagim ile birlikte,
sadece damlacik goériintillerinden malzemelerin
ylizeyleri igin 1slanabilirlik davranisi ve buharlagsma
hizi hakkinda  degerlendirme ve  yorum
yapilabilmektedir.

Gelecekte yapilacak caligmalarda, damlacik
goriintiileri alimi i¢in zaman nokta araliklar1 kisaltilip
daha fazla goriintii alinarak direkt olarak temas agisi
tahmini yapilmas:t planlanmaktadir. Temas agist
Olciimii yapilmadan farkli algoritmalar kullanarak,
temas acist degerlerinin tahmininin yapilmasi
planlanmaktadir. Yapilan bu ¢alisma, AKD kaynaklt
Oznitelikler kullanilarak temas agist tahminlerinin
dogru bir algoritmayla yapilabilecegine temel
olusturmaktadir.
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In this study, two methods have been proposed to find the critical buckling load of bars that are
in water and buckled under the effect of P singular force and distributed self-weight. Three
different Euler's cases were taken into account in the study. In the first method, the solution of
the stability differential equation of the bar in water is solved by the Differential Transformation
Method (DTM), while in the second method, the Dunkerley formula is applied to determine the
critical buckling load factor of the buckled bar in water. Finally, the results obtained by solving
an example with the two proposed methods were compared with the finite element method. SAP
2000 program was used for finite element analysis. From the results obtained, it was observed
that the two methods gave results in good agreement to the finite element method.
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Suda kolon

Bu ¢alismada su igerisinde olan ve P tekil kuvvet ve yayili kendi agirlig1 etkisinde burkulan
gubuklarin kritik burkulma yiikiiniin bulunmasi i¢in iki yontem Onerilmistir. Caligmada ti¢ farkli
Euler durumu dikkate alinmigtir. Sunulan yontemlerden ilkinde su i¢erindeki ¢ubugun stabilite
diferansiyel denklemin ¢dziimii Diferansiyel doniisiim yontemi (DTM) ile ¢oziiliirken, ikinci
yontemde Dunkerley Formiilii su igerisinde burkulan ¢ubugun kritik burkulma yiik faktoriiniin
belirlenmesi i¢in uygulanmistir. Caligmanin sonunda bir 6rnek onerilen iki yontem ile ¢oziilerek
elde edilen sonuglar sonlu elamanlar yontemi ile karsilastirilmigtir. Sonlu elemanlar yontemi ile
analiz i¢in SAP 2000 programi kullanilmistir. Elde edilen sonuglardan iki yonteminde sonlu
elemanlar yontemine yeter uygunlukta sonug verdigi gézlenmistir.

https://dx.doi.org/10.30855/gmbd.2021.02.10

1. INTRODUCTION (GiRis)

buckling load. Euler was the first researcher that
studies the buckling of a prismatic column under a

The use of columns has become widespread in
civil, mechanical, and aerospace engineering and has
a significant place among engineering structures.
Therefore, extensive studies have been performed in
recent decades to determine elastic columns' critical

compressive force or self-weight [1].

Wei et al. [2] investigated elastic bars stability
with variable cross-section under self-weight and
concentrated end load. They transformed governing
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equation for EB(Euler-Bernoulli) columns into an
integral equation and evaluated critical buckling load
by investigating the lowest eigenvalue of the
resulting integral equation. They validated the
effectiveness of this method by numerical examples.

Darbandi et al. [3] studied the static stability of
the variable cross-section columns under distributed
axial force. They used the EB beam theory to model
the column and used the singular perturbation
method of Wentzel-Kramers-Brillouin to solve the
problem. Wang [4] investigated the stability of
columns under self-weight and a tip load. The
governing equation was integrated by turning the
two-point boundary value problem into an initial
value problem. Four boundary conditions were
studied. Optimum locations of the support for
maximum load-bearing capacity were obtained.
Huang and Li [5] investigated analytic approach to
solve EB columns' buckling instability with
arbitrarily axial nonhomogeneity and/or varying
cross-section. Differential equations of buckling for
different  support conditions (pinned-pinned,
clamped, and cantilevered columns) were derived
with varying flexural rigidity and reduced to a
Fredholm integral equation. The impact of the
method was approved by comparing our results with
existing closed-form solutions and numerical results.

Krutii and vandynskyi [6] proposed a new method
to study the uniform column's buckling problem
under self-weight. The method base was on the exact
solution of the appropriate differential equation for a
column's buckling. The solution was stated with
dimensionless fundamental functions and initial
parameters. The stress-strain state of the column was
defined. The analytical form of the load is defined
because of the dimensionless nature of the
fundamental functions. The values of the buckling
coefficient were determined. Wahrhaftig et al. [7]
Investigated mathematical solutions of a column,
including the self-weight, to obtain the critical
buckling load. They Compared the analytical
solutions with computation modeling.

The bar's critical buckling strength, whose weight
is considered, will differ depending on whether the
bar is in an air or water environment. Pekbey [8]
developed self-weight buckling of the column at its
top fixed and lower end fixed-roller supported in
water and presented an analytical solution to
determine the heavy column's critical buckling load.

The Differential Transformation Method (DTM)
is an alternative method for solving differential
equations. DTM was first introduced by Zhou [9].
Several studies on the method have been presented in
the literature [10—16]. Holubowski and Tarczewska
[17] presented the application of the DTM to the
stability analysis of nonuniformly loaded beams
subjected to bending. They solved two coupled
ordinary differential equations with variable
coefficients and parameters to obtain the critical
load. Rajasekaran [18] investigated the stability of
fully or partially supported heavy prismatic piles and
fully supported non-prismatic piles by using DTM.
Chai and Wang [19] used DTM to study the critical
buckling load of axially compressed heavy columns
of wvarious support conditions. They compared
obtained results with an analytical solution.
Therefore, the method was also shown to be very
accurate.

In this study, different from the literature, the
DTM and Dunkerley formula approach is proposed
to determine the critical buckling load of a rectiliner
bar in water under the singular load and its weight. It
is accepted that the material is linear elastic in the
study.

2. METHOD (METOD)

In this study, three different Euler cases are
considered in a bar under the influence of their
weight in water and with a singular force P above it,
as shown in figure 1.

Y v % . 46

= = 4 A ’a
ul EIfra  EH ¥A ET YA
S N N

a) b) ]

Figure 1. Three different Euler cases a) Free-
Clamped b) Sliding -Clamped c¢) Sliding-Pinned (U¢
farkl Euler durumu a) Serbest-ankastre b)Kayuci ankastre -
Ankastree c) Kayici ankastre-mafsall)
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According to the given set of axes, the
differential equation of stability is written as follows,
using the literature [§].

4 2
dy+de

EI
dz* dz?

i, P, _
+dz[(7s 7,»)Azdz] o @

where EI is the bending stiffness, P is axial
singular load, and A is cross-section area, ys and yf
are the bar and air's unit weight, respectively. y
indicates horizontal displacement, and z indicates the
axis along the bar axis. The differential Eq.(2) is
obtained by integrating the differential Eq.(1).

3

d d
EI= 5+ [P+, ~ 74z =c @

Since the shear force is zero at the beginning of
the bar for the Euler states considered according to
the selected axes. The constant integration ¢ in the
differential Eq. (2) is zero. In this case, the
differential Eq. (2) can be written as

d’y dy

To make the differential Eq. (3) dimensionless,
the transformation given in Eq. (4) is applied, and
Eq. (5) is obtained.

E=— 4)
H

d’y PH’ AeH ;. dy

ay - H1=<=0 (5

d83+[ I +(r,—7p) I ]dg (%)

The necessary arrangements are made in the
differential Eq. (5), and the differential Eq. (6) is
obtained.

3
%+[n+n*a*(l—b)8]%:0 (6)

Here n, a, and b are defined as follows.

PH’
n=—0 0
AH
a=" @®)
b=t ©)

Eq. (11) is obtained by substituting Eq. (10) in
Eq. (5).

dy
9=
. (10)
2
%+[n+n*a*(l—b)g]920 (11)
&

The boundary conditions required for the
differential Eq. solution (11) are given below for
three different Euler cases.

Free Clamped:
8=0:>E—12ﬁ=0 (12)
H" de
e=1=6=0 (13)
Sliding- Clamped:
e=0=6=0 (14)
e=1=26=0 (15)
Sliding-Pinned:
e=0=6=0 (16)
EI do
& HZ dg ( )

3. APPLICATION OF THE DTM METHOD
(DTM UYGULAMASI)

If the DTM method detailed in the literature
[16,20] is applied to Eq. (11) the following equation
is obtained.

C[n* Okl +n*a*(1-b)* gk —1]
(k+2)*(k+1) (18)

Ok +2]=

If DTM is applied to the boundary conditions, the
following relations are obtained.

Free Clamped:
o[1]1=0 (19)
N
> 6[k]1=0 (20)
=0
Clamped Sliding:
6[0]=0 (21)
N
> 0[k1=0 (22)
=0
Sliding-Pinned:
0[0]=0 (23)
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N

D k*0[k]=0 (24)

k=0

If the boundary conditions are applied for each
different Euler case, the resulting transcendent
equations are obtained as follows.

A (n)d[0]=0 (Free Clamped) (25)
A,(n)0[1]=0 (Sliding- Clamped) (26)
A,(n)0[1]1=0 (Sliding -Pinned) Q@7

In Eq. (25), (26), and (27), n values that make 0
[0] and 6 [1] non-zero are the buckling load factor of
the system.

4. DUNKERLEY FORMULA (DUNKERLEY
FORMULU)

Dunkerley formula, whose theory and basic
principles are given in the literature [21-22], has been
adapted to the Stability Analysis of Bars in Water
problem.With the Dunkerley formula [21, 22] for the
critical buckling loads of the given systems, the
system's total buckling load can be found with the
help of the buckling loads found separately for the
case of buckling in water with the effect of singular
force and self-weight (Fig. 2).

.

Figure 2. Application of the Dunkerley formula

(Dunkerley formiiliiniin uygulanmast)

The critical buckling load of the given system is
found by the following equation.

N, =0, — (28)

For the single load case, the critical buckling load
is written as

El

N crl ?

crl =a (29)

The critical buckling load of a bar under the
influence of its own weight is found by Eq. (30).

N072=7AH:(Z EI

crly ? (30)

With the appliction of Dunkerley formula o
buckling load factor is found by the help of Eq. (31).

- =
o (04 o (31)

a's buckling load factors and are given in Table 1
for three different Euler cases considered.

Table 1. a values for Euler cases. (Euler durumlari icin o
degerleri)

Or values
Euler Olerl Oler2
F-C 2.4674 7.8373
C-S 9.6696 18.9563
S-P 2.4674 3.4766
5. RESULTS (SONUCLAR)

To investigate the suitability of the methods
presented in the study, the buckling load factors of
bars in air and water for three different Euler cases
were calculated with the DTM and Dunkerley
Formula presented in this study, and the obtained
results were compared with the results of the SAP
2000 program in Table 2. Convergence of DTM
method according to the number of elements is given
in Table 3. In order to investigate the suitability of
the methods presented in the study, the SAP 2000
program, which analyzes with the finite element
method, was chosen. As the number of elements in
the solution increases with SAP 2000, the obtained
solution approaches the exact solution. For this
reason, sufficient number of elements has been taken
into account in SAP 2000 and the SAP 2000 program
has been taken as a reference for the convenience of
the presented methods. In the modeling with
SAP2000 in water, the water effect is considered as
the distributed load along the rod. In SAP 2000, the
lengths of the bars are defined as 1 m and flexural
stiffness EI = 1 kNm? Bars are modeled with 5
elements and frame element type is used in
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modeling. In the study, the first mode was considered

as the buckling mode.

Table 2. Buckling load factors of bars in the air and water. (Havada ve su icindeki ¢cubugun burkulma yiik faktorii)

In the air
Euler DTM (a) Dunkerley (b) FEM %(a-c)/c %(b-c)/c
SAP2000 (c)
F-C 1.8960 1.877 1.8820 0.7439 -0.2657
C-S 6.5484 6.403 6.5497 -0.0198 -2.2398
S-P 1.4466 1.4432 1.4525 -0.4062 -0.6403
In the water
Euler DTM (a) Dunkerley (b) FEM %(a-c)/c %(b-c)/c
SAP2000 (c)
F-C 1.9540 1.9355 1.9579 -0.1992 -1.1440
C-S 6.8433 6.6903 6.84471 -0.0206 -2.256
S-P 1.5270 1.5235 1.5328 -0.3784 -0.6067

Table 3. Convergence of DTM method according to the number of elements (Eleman sayisina bagh olarak DTM
yonteminin yakinsakligi)

Euler 5 elements 10 elements 15 elements 16 elements
F-C 1.9782 1.9539 1.9540 1.9540

C-S 5.0724 6.7586 6.8430 6.8433

S-P 1.3619 1.5266 1.5270 1.5270

6. CONCLUSION soNug) “Critical load for buckling of non-prismatic columns

In this paper, two methods are proposed to find
the critical buckling load for three different Euler
cases of bars in water and buckled under the singular
load P at the top and the distributed self-weight. In
the first method, the solution of the differential
equation representing the stability was performed by
the DTM method, while in the second method, the
Dunkerley formulation was used to find the critical
buckling load. It was observed that the two methods
presented from the solved example gave results
compatible with the finite element method. It is seen
that the DTM method gives results closer to the finite
element method than the Dunkerley method. The
presented methods are particularly useful in
understanding the stability behavior with few
parameters.

CONFLICT OF INTEREST STATEMENT
(CIKAR CATISMASI BILDIRIMI)

No potential conflict of interest was reported by the
authors.

REFERENCES (KAYNAKLAR)

[1] S.P.Timoshenko and J.M.Gere, Elastic Stability,
McGraw-Hill, New York, 1961.

[2] D.J. Wei, S.X. Yan, Z.P. Zhang, and X.F. Li,

under self-weight and tip force” Mech. Res.
Commun., vol. 37, no. 6, pp. 554-558, 2010.

[3] S.M. Darbandi, R.D. Firouz-Abadi, and H.
Haddadpour, “Buckling of variable section columns
under axial loading,” J. Eng. Mech., vol. 136, no. 4,
pp. 472-476, 2010. doi: https://dx.doi.org/10.1061/
(asce)em.1943-788 9.0000096

[4] C.Y. Wang, “Stability of a braced heavy
standing column with tip load,” Mech. Res.
Commun., vol. 37, no. 2, pp. 210-213, 2010. doi:
https://dx.doi.org/10.1016/j.mechres com.2009.12.001

[5] Y. Huang and X.F. Li, “Buckling analysis of
nonuniform and axially graded columns with varying
flexural rigidity” J. Eng. Mech., vol. 137, no. 1, pp.
73-81, 2011. doi: https://dx.doi.org/10.1061/
(asce)em.1943-7889.0000 206

[6] Y. Krutii and V. Vandynskyi, “Exact solution of
buckling problem of the column loaded by self-
weight” in /OP Conference Series: Materials Science
and Engineering, 2019. vol. 708, no. 1, doi: https://
dx.doi.org/10.1088/ 1757-899X/708/1/012062

[7] A. de M. Wahrhaftig, K. M. M. Magalhdes, R. M.
L. R. F. Brasil, and K. Murawski, “Evaluation of
mathematical solutions for the determination of
buckling of columns under self weight,” J. Vib.
Eng.Technol., vol. 1, no. 3, 2020. doi:https:/
dx.doi.org/10.1007/s42417-020-02

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yaymcilik



174 Khosrovi, Bozdogan / Gazi Miihendislik Bilimleri Dergisi 7 (2). (2021) 169-174

[8] Y. Pekbey, “Su igerisinde agirligr dikkate alinan
bir  kolonun burkulma analizi,” Pamukkale
Universitesi Miihendislik Bilim. Derg., vol. 14, no. 2,
pp- 195-203, 2005.

[9] J. K. Zhou, Differential transformation and its
applications for electrical circuits, Huazhong
University Press, Wuhan, pp. 1279-1289, 1986.

[10] K. B. Bozdogan and F. Khosravi Maleki,
“Application of differential transformation method for
free vibration analysis of wind turbine,” Wind Struct.
An Int. J., vol. 32, no. 1, pp. 11-17, Jan. 2021.
doi: https://dx.doi.org/10.12989/was.2021.32.1.011

[11] K. M. Abualnaja, “Numerical treatment of
a physical problem in fluid film flow using
the differential transformation method” Int. J.
Mod. Phys. C, vol. 31, no. 5, pp. 1-8, 2020.
doi:https://dx.doi.org/10.1142/S0129183120500679

[12] O. A. Adeleye, M. Yusuf, and O.
Balogun, “Dynamic  Analysis of  Viscoelastic
Circular Diaphragm of a MEMS Capacitive Pressure
Sensor using Modified Differential
Transformation Method,” Karbala Int. J. Mod. Sci.,
vol.6,n0.3,2020.
doi:https://dx.doi.org/10.33640/2405-609X.1706

[13] B. J. Gireesha and G. Sowmya, “Heat
transfer analysis of an inclined porous fin using
Differential Transform Method,” Int. J. Ambient
Energy, pp. 1-7, Sep. 2020. doi: https://
dx.doi.org/10.1080/01430750.2020.1818619.

[14] Y. M. Hamada, “Solution of a new model
of fractional telegraph point reactor kinetics
using differential transformation method,” Appl.
Math. Model., vol. 78, pp. 297-321, Feb. 2020.
doi: https://dx.doi.org/10.1016/j.apm.2019.10.001

[15] G. Sobamowo “On the efficiency of
differential  transformation = method  to the
solutions of large amplitude nonlinear oscillation
systems  biomas gasification view project heat
transfer enhancements and dynamic behaviour of
energy systems view pro-ject on the efficiency,” vol.
139, no. November 2019, pp. 1-60, 2020.

[16] S. Aydin and K.B. Bozdogan, “Lateral
stability analysis of multistory buildings using the
differential transform method,” Struct. Eng. Mech.,
vol. 57, no. 5, pp. 861-876, Mar. 2016.
doi:https://dx.doi.org/10.12989/sem.2016.57.5.861

[17] R. Holubowski and K. Jarczewska,
“Lateral-torsional ~ buckling  of  nonuniformly
loaded beam using differential transformation

method,” Int. J. Struct. Stab. Dyn., vol. 16, no. 7,
pp. 1-12, 2016. doi: https://dx.doi.org/10.1142/
S0219455415500340

[18] S. Rajasekaran, “Buckling of fully and partially
embedded non-prismatic columns using differential
quadrature and differential transformation methods,”
Struct. Eng. Mech., vol. 28, no. 2, pp. 221-238, Jan.
2008.

doi: https://dx.doi.org/10.12989/sem.2008.28.2.221

[19] Y. H. Chai and C. M. Wang, “An application of
differential transformation to stability analysis of
heavy columns,” Int. J. Struct. Stab. Dyn., vol. 6,
no. 3, pp. 317-332, 2006. doi: https://
dx.doi.org/10.1142/S0219455406001 988

[20] S. Rajasekaran, Structural Dynamics of
Earthquake Engneering Theory and Applcation
Using Mathematica and Matlab, India ,Woodhead
publshing, 2009.

[21] T. Tarnai, “The Southwell and the Dunkerley
Theorems” in Summation Theorems in Structural
Stability, Springer Vienna, pp. 141-185, 1995.

[22] L. P. Kollar and G. Tarjan, Mechanics of Civil
Engineering Structures, vol. 4, no. 3, Woodhead
Publishing, 2020.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yayimcilik



	makale_4_r3 111-120.pdf
	Untitled




