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INVITED SPEAKERS

Muzaffer Seker 1961 yilinda izmir'de dogdu.
1986’da Uludag Universitesi Veteriner
Fakiltesi'nden mezun oldu. 1995 vyilinda
ingiltere’de  Leicester  Universitesi Tip
Fakiltesi'nde insan Anatomisi (zerine
doktora derecesi aldi. 2000 yilinda dogent,
2006 yilinda da profesor oldu. Birlesik Arap
Emirlikleri'nde iki yil 6gretim gorevlisi olarak
calisti. Selgcuk Universitesi Meram Tip
Fakiltesi Tip Egitimi ve Bilisimi Ana Bilim Dali Bagskani olarak da gorev yapan Seker, 2008-2010 yillari
arasinda istanbul Medipol Universitesi Kurucu Miitevelli Heyeti'nde de gérev aldi. Ayni zamanda Kamu
Yénetimi Lisans mezunu olan Seker, Aralik 2010 yilinda Konya Universitesi’ne kurucu rektor olarak
atandi. Necmettin Erbakan Universitesi Rektérligiine Aralik 2014 yilinda ikinci dénem igin tekrar
atandi. TUBA Asli Uyesi ve TUBA Konsey Uyesi, TUBITAK Bilim Kurulu Uyesi, Universitelerarasi Kurul
(UAK) Tip Saglik Egitim Konsey Uyesi, Saglik Bakanhgi Saghk Turizmi Ust Kurul Uyesi, Universitelerarasi
Kurul (UAK) Dogentlik Konsey Uyesi, Yiiksekégretim Kurulu (YOK) Engelli Ogretim Komisyon Uyesi, KOP
Bolgesi Universiteler Birligi (UNIKOP) Dénem Baskani, Universite Hastaneler Birligi Yonetim Kurulu Asil
Uyesi, Ahmet-Nezahat Kelesoglu Egitim Vakfi Mitevelli Heyet Uyesi, Selguklu Otizmli Bireyler Egitim
Vakfi (SOBE) Kurucu Mitevelli Uyesi, istanbul ilim ve Egitim Vakfi (iSILEV) Kurucu Miitevelli Uyesi, Birlik
Vakfi Danisma Kurulu Uyesi ile INNOPARK Yénetim Kurulu Uyesidir. Tiirkiye Saglk Enstitiileri Bagkanlig
(TUSEB) Aziz Sancar Bilim, Hizmet ve Tesvik Odilleri, TUBA-GEBIP Tesvik Odiilleri, TUBITAK Bilim,
Hizmet ve Tesvik Odiilleri secici kurullarinda idari gérev yiiriittii. G20 dlkelerinin 2017 Science '20
Zirvesi'nde ve 2018 World Science Forum Jordan’da tlkemizi temsil etti. Ayrica 2002 yilindan bu yana
Uyesi oldugu Tirk Anatomi ve Klinik Anatomi Dernegi ile Temel Tip Bilimleri Platformu yonetimlerinde
farklh gorevler yiiriiten Seker, evli ve li¢ cocuk babasidir.

Krzysztof Jan Kurzydtowski was born on 29

August 1954, in Lublin. Polish physicist,

professor of technical sciences, vice-rector

of the Warsaw University of Technology in

1993-1999, undersecretary of state in the

Ministry of Education and Science in 2005-

2006, undersecretary of state in the Ministry

of Science and Higher Education in 2006-

2007, Director of the National Research and Development Center in 2011-2016.

Professor Kurzydtowski graduated from the Warsaw University of Technology Faculty of Technical
Physics and Applied Mathematics. He later earned his doctorate (1981) and postdoctoral (1989)

degrees at the Warsaw University of Technology. In 1995, he received the title of professor of technical
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sciences. In his scientific work, he deals with materials engineering, modeling the structure and
properties of materials, nanomaterials, and the degradation of structural and functional materials.

He is the European consultant in the field of operational safety of industrial plants. He held position of
research associate at the University of Manitoba in Canada, and visiting professor at Brunel University
in Great Britain, and Ecole Nationale Supérieure des Mines de Saint-Etienne in France. He has published
more than 500 scientific papers and several monographs. He supervised over70 doctoral theses. He is
a member of Senate of E-MRS. Received a gold medal of FEMS. Professor Kurzydtowski is married and

has two sons.

Radovan Kopecek obtained his Diploma in

Physics at the University of Stuttgart in 1998.

In addition, he studied at Portland State

University (Oregon, USA), where he

obtained a Master of Science in 1995. In

2002 he finalizes his PhD dissertation in

Konstanz in the field of thin film crystalline

photovoltaics.

Until the end of 2006 he was a group leader
at University of Konstanz. One of the founders of ISC Konstanz, Dr. Kopecek has been working at the
institute as a full time manager and researcher since 2007 and is currently a managing director and the
head of the Advanced Solar Cells department. Dr. Kopecek was since 2016 in the board of directors of
EUREC (Association of EU’s R&D centers involved in renewables). He is co-founder of ATAMOSTEC in
2018 — an R&D center for desert modules and systems in Chile and since 2022 in board of directors. In
2022 Dr. Kopecek was elected also for the board of directors of ESMC (European Solar Manufacturing

Council).

Muammer Kog, Prior to his appointment as
a founding professor of sustainability at
HBKU in 2014, Professor Kog¢ held professor,
director, chair and dean positions at
different universities in Turkey and the USA
between 2000-2014. He has a PhD degree in
Industrial and Systems Engineering from the
Ohio State University (1999) and an
Executive MBA degree from the University of Sheffield, UK (2014). He has published 130+ publications
in various international journals and conferences; edited three books; organized, chaired, and co-
chaired various international conferences, workshops and seminars on design, manufacturing and
product development. In addition to his academic and educational activities, he provides consulting
services to industry, government and educational institutes for strategic transformation, business
optimization, organizational efficiency, lean operations, restructuring and reengineering initiatives. He

has taught courses across a range of subjects, including product/process/business innovation and
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development; medical design and production; energy and efficiency; computer-aided engineering,
design and manufacturing; modern manufacturing technologies; manufacturing system design;

material forming plasticity; and the mechanical behavior of materials.

PROGRAM OVERWIEV
Location: Yildiz Technical University - Davutpasa Congress and Culture Center

08.09.2022 - THURSDAY

09:00—-10:00 | Registration Conference Registration Desk
10:00-11:15 | Opening Ceremony Yildiz Technical University — Main Hall
11:15-12:00 | Invited Speakers Session Prof. Dr. Muzaffer SEKER — President of TUBA

12:00-13:30 | Launch

Prof.Dr. Krzysztof Jan KURZYDtOWSKI — Bialystok University of Technology

13:30-15:15 Plenary Session Prof.Dr. Radovan KOPECEK — CTO and Co-Founder / ISC Konstanz

Prof.Dr. Muammer KOG — Founding Professor, Sustainability, Hamad Bin Khalifa

University
15:15-15:30 | Coffee Break
15:30-16:45 | Session | Yildiz Technical University - Hall 1 (Face to Face) - Hall 2 & Hall 3(Online)
16:45-17:00 | Coffee Break
17:00-18:15 | Session Il Yildiz Technical University - Hall 1 (Face to Face) - Hall 2 & Hall 3(Online)

19:30-21:00 | Gala Dinner and Plaque Presentation

09.09.2022 - FRIDAY

09:30-10:45 | Session Il Yildiz Technical University - Hall 1 (Face to Face) - Hall 2 & Hall 3(Online)

10:45-11:00 | Coffee Break

11:00-12:30 | Session IV Yildiz Technical University - Hall 1 (Face to Face) - Hall 2 & Hall 3(Online)

12:30-14:30 | Launch

14:30-17:00 | SessionV Yildiz Technical University — Main Hall - Special R&D Session

19:30-21:00 | Conference Dinner

10.09.2022 - SATURDAY

ALL DAY Social Event — Free Time for Participants
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Ozet

Uyarlamali Ag Tabanli Bulanik Cikarim Sistemi (Adaptive Neuro-Fuzzy Inference System),
Bulanik Mantik (Fuzzy Logic) ve Yapay Sinir Aglar1 (Artificial Neural Networks) araglarinin
biitiinsel kullanildig1 bir yapay zeka yontemidir. ANFIS ile olusturulan bulanik model, adaptif ag
yapist sayesinde dgrenebilmekte ve kendini giincellemektedir. Modelin egitilmesinde kullanilan
veriler, modelin 6grenme ve giincelleme performanst agisindan olduk¢a 6nemlidir. Bu galismada,
ANFIS kullanilarak Elektriksel Erozyon ile Delik Delme (Electrical Discharge Drilling)
isleminde girdi-¢ikt1 iliskisini tahmin edebilen bulanik modeller gelistirilmistir. Farkli kiime
tiplerine ve sayilarina sahip modeller, Merkezi Kompozit Tasarim (Central Composite Design) ve
Ortogonal Dizi (Orthogonal Array) deney planina gore elde edilen deneysel veriler dogrultusunda
olusturulmus ve egitilmistir. Validasyon deneyleri sonucunda MKT deney plani ile olusturulan
modellerin OD deney planina kiyasla daha dogru ve tutarli sonuglar verdigi gézlemlenmistir.

Anahtar Kelimeler: Elektriksel Erozyon ile Delik Delme, ANFIS, Deney Plani.

1. Giris

Elektriksel Erozyon ile Delik Delme — EDD (Electrical Discharge Drilling) islemi, Elektriksel
Erozyon ile Isleme — EDM (Electrical Discharge Machining) prosesinin delik delme islemleri igin
kullanildig: bir tiiriidiir. EDD sayesinde elektriksel iletkenlige sahip metalik malzemelerde elektrik
desarjlar1 vasitasiyla belirli derinlige sahip kiiglik ¢apli delikler Gretilebilmektedir. Bu islem,
Ozellikle sert ve kirllgan malzemeler igin tercih edilmektedir. Tiirbin kanatlarindaki sogutma
deliklerinin delinmesinde, dizel enjektorlerde, kesici takimlarin sogutma kanallarinda, kalip
menfezlerinde ve benzeri uygulamalarda kullanilmaktadir. Sekil 1’de goriildiigii tizere bu islemde,
bir tutucu vasitasiyla kendi ekseni etrafinda sabit hizda donen ve icerisinden dielektrik sivi akan
boru seklinde silindirik elektrotlar kullanilmaktadir. Belirli voltaj ve desarj akim altinda elektrotun
is parcasina yaklastirilmasi suretiyle elektrot ile is pargasi yiizeyi arasinda meydana gelen elektrik
desarj1 vasitasiyla hem elektrot hem de is parcasindan kiigiik parcaciklar koparilmaktadir. Bu
sayede, elektrot ¢api biiyiikliigiinde delikler delinebilmektedir. EDM ve EDD prosesleri; girdi
parametrelerinin fazla olmasi, bu parametrelerin proses ciktilart tizerindeki tekil ve birlesik
etkilerinin matematiksel olarak ifade edilememesi, is pargasi ve elektrot malzemesinin fiziksel ve
elektriksel ozellikleri, vb. faktorlerden dolay1 kompleks yapiya sahiptir. Islem performansinin
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farkl1 girdi parametrelerine direkt ve/veya dolayli sekilde bagimli olmasi sebebiyle islem
¢iktilarinin hesaplanmasi, modellenmesi ve tahmin edilmesi zordur.
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Sekil 1. EDD isleminin sematik gosterimi [1]

Bu amagla, EDM/EDD isleminde farkli yaklagimlar kullanilarak girdi-¢ikt1 iliskileri belirlenmeye
calistlmistir. Bunlar arasinda, miihendislik problemlerinin ¢éziimiinde etkin sekilde kullanilan
Adaptif Ag Tabanl Bulanik Cikarim Sistemi — ANFIS (4daptive Neuro-Fuzzy Inference System)
dikkat cekmektedir. ANFIS; Bulanik Mantik — BM (Fuzzy Logic) ve Yapay Sinir Aglar1 — YSA
(Artificial Neural Networks) araglarinin biitiinsel kullanildig1 yapay zekd yontemidir. Sekil 2’de
gosterildigi iizere alt1 katmandan (layer) olusmaktadir. Oncelikle girdi parametreleri belirlenir ve
bu parametreler igin bir tiyelik fonksiyonu (membership function) segilir. Sonrasinda EGER-ISE
seklinde belirli sayidaki kurallar olusturulur. Kural katmanindan elde edilen sonuglarin etki
seviyeleri (weights), bir sonraki katmanda normalize edilir. Arindirma katmaninda, normalize
edilmis etkilere karsilik gelen degerler toplanir ve ¢ikt1 parametresinin degeri bulunur. Bu surecte
olusturulan model, adaptif ag yapisi sayesinde 6grenebilmekte ve kendini giincellemektedir.

Wy (-xl s xz) Wi =
@( wy + W,
wy* f)

w, * f,

) ) 1) 1) 1) 1)

Sekil 2. ANFIS ile olusturulan modelin ag yapisi [2]
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ANFIS’te modelin egitilmesinde kullanilan veriler, modelin 6grenme ve giincelleme performansi
acisindan oldukca 6nemlidir. Verilerin sayisina ve parametre degerlerine karar verebilmek oldukca
zordur. Bu baglamda, rastgele veriler kullanmak yerine spesifik veriler dogrultusunda prosesin
modellenmesine yonelik ¢alismalar yapilmaktadir. Deney Tasarimi/Plani (Design of Experiment);
gerceklestirilecek deneylerin asgari sayisini, hangi siralamada yapilacagini, parametre degerlerini,
vs. belirlemek amaciyla kullanilan bilimsel bir yaklasimdir [3]. Islem degiskenlerinin azaltilmast,
slire¢/proses optimizasyonu, maliyetin diisliriilmesi, vb. avantajlar saglamaktadir. Burada amag;
belirli parametre degerleri ile spesifik bir siralamada gergeklestirilecek deney sayisini ve etken
faktorleri belirlemek, bu sayede girdi-cikt1 iliskisini tahmin edebilmektir. islem parametrelerinin
sayisina, parametreler arasindaki iliskilere, Ongoriilen sonuglarin hassasiyet ve dogruluk
derecesine, vb. gore hangi deney tasariminin daha uygun olacagina karar verilmektedir.

Miihendislik uygulamalarinda Merkezi Kompozit Tasarim — MKT (Central Composite Design) ve
Ortogonal Dizin — OD (Orthogonal Array) siklikla tercih edilen tasarimlar arasinda yer almaktadir.
MKT, Tepki Yiizey Metodolojisi — TYM (Response Surface Methodology) yonteminde kullanilan
deney tasarimi yaklagimidir. Taguchi yonteminde ise OD deney tasarimi kullanilmaktadir. Her iki
tasarimda temel amag asgari deney veri seti ile girdi-¢ikt1 iligkisinin tahmin edilmesidir, ancak
deney sayilar1 ve deneylerde kullanilacak parametre degerleri agisindan farkliliklar igermektedir.

Literatirde EDM/EDD isleminde girdi-gikt1 iliskisinin ANFIS ile tespitinde Taguchi/OD ve
TYM/MKT deney tasarimlarinin kullanildigi ¢aligmalar mevcuttur. Sharma vd. [4], TYM ve
ANFIS sayesinde EDM girdi parametrelerinin proses ¢iktilarina etkilerinin belirlenmesi ve en
uygun parametre degerlerinin tespiti lizerine galismiglardir. Inconel 625 alasim malzemesinde
TYM-L27 deney tasarimi dogrultusunda gerceklestirilen deneyler sonucunda proses c¢iktilar
olarak Malzeme Kaldirma Oran1 — MKO (Material Removal Rate), Elektrot Asinma Oran1 — EAO
(Electrode Wear Rate) ve Yiizey Piirtizliligi — YP (Surface Roughness) incelemislerdir. Phate
vd. [5,6] c¢alismalarinda Taguchi OD-L1g deney plam1 kapsaminda gergeklestirilen deneylerden
elde edilen veriler dogrultusunda Al-Cu-Ni alasiminin EDM ile islenmesinde ANFIS yontemi ile
EAO ve YP degerlerini tahmin edebilen modeller gelistirmislerdir. Agarwal vd. [7] ¢alismalarinda
EDD prosesinde hibrit algoritmalar kullanarak YP’nin tahmini ve eniyilemesi {izerine bir ¢aligma
gergeklestirmislerdir. TYM-L3o deney planina gore Titanyum 685 alasiminda belirli ¢apta delikler
delinmistir. ANFIS yontemi ile modeller olusturulmus, sonrasinda Rao ve Jaya algoritmalari
kullanilarak optimizasyon ¢alismasi gerceklestirilmistir. Bhiradi vd. [8] ise mikro-EDD prosesi ile
giimiis plakalar iizerinde kii¢iik ¢capta deliklerin delinmesinde girdi parametrelerinin MKO, EAO
ve delik ¢apinda biiylime iizerine etkilerini arastirmiglardir. Taguchi OD-L 16 ile gergeklestirilen
deneylerden elde edilen verilerden yola ¢ikarak ANFIS’te modeller gelistirmislerdir.

Gaz destekli veya toz katkilit EDM/EDD iizerine ¢alismalar da literatiirde yer almaktadir. Singh
vd. [9], D3 kalip ¢eliginin helyum-destekli EDM ile islenmesinde MKO ve YP ¢iktilarinin tahmini
ve eniyilemesi iizerine karsilagtirmali bir ¢alisma gergeklestirmislerdir. MKT-L3; tasarimi ile
gergeklestirilen deneylerin ANOVA varyans analizleri yapilmistir. Girdi parametrelerinin ¢iktilar
tizerindeki etkilerinin tahmin edilmesi amaciyla ANFIS, YSA ve TYM yontemleri kullanilarak
modeller gelistirilmistir. En 1yi modelin sonuglarindan yola ¢ikilarak Genetik Algoritma — GA
(Genetic Algorithm) ile proses ciktilari i¢in en uygun degerler belirlenmistir. Goyal vd. [10]
tarafindan yapilan ¢alismada, nano-grafen toz katkili EDD isleminde Inconel 718 alasiminda
delinen deliklerin dairesellik ve purtzltluk 6zellikleri incelenmistir. Taguchi OD- L7 tasarimina
gore gergeklestirilen deneyler dogrultusunda ANOVA varyans analizi sonucunda etken
parametreler belirlenmis, BM ve ANFIS ile olusturulan modellerin performanslari irdelenmistir.
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Bir diger ¢alismada (Hourmand vd. [11]), nano-toz katkili EDD prosesi ile AI-Mg»Si metal matris
kompozit malzeme iizerinde delik delme islemleri gergeklestirilmistir. MKT-L 27 tasarimina gore
delinen deliklerde ANFIS ve TYM kullanilarak girdi parametrelerinin MKO iizerindeki etkileri
aragtirtlmistir. Singh ve Sharma [12], toz-katkili EDM prosesi ile tungsten karbiir malzemenin
islenmesinde MKT-L3p tasarimi kullanarak gerceklestirilen deneyler dogrultusunda proses
ciktilart incelemislerdir. GRA ve ANFIS yaklasimlar1 ile MKO, EAO ve YP’nin tahmini ve
optimizasyonu gerceklestirilmistir. Tungsten karbiir ile ilgili bir diger ¢alismada (Singh [13]) ise
toz karistmli EDM isleminde proses parametrelerinin ¢ok amagli optimizasyonu icin Grey-ANFIS
yontemi kullanilmistir. Taguchi OD-L27 deney tasarimina gore deneyler gergeklestirilmis, bu
dogrultuda MKO ile EAO igin en uygun degerler elde edilmistir.

Buna ilaveten, Tel Erozyon (WEDM) prosesinde de ANFIS ile modellemede deney tasarimindan
yararlanilmigtir. Natarajan vd. [14] tarafindan gergeklestirilen ¢alismada WEDM isleminde
Aliiminyum 7075 alasiminin YP optimize edilmistir. OD-L 7 tasarimi ile gergeklestirilen deneyler
sonucunda ANFIS’te modeller olusturulmus, GTO yaklagimi ile YP’nin eniyilemesi yapilmistir.
Bir diger ¢alismada (Phate vd. [15]), Taguchi OD-L27 tasarimi kullanilarak ANFIS-TYM hibrit
yontem sayesinde Al/Gr/Cp5 metal matris kompozit malzemenin WEDM prosesi ile islenmesinde
girdi parametrelerinin YP tizerindeki etkisi incelenmistir. Kumar vd. [16], Ti-6Al-4V alasiminin
WEDM ile islenmesinde girdi-¢ikt1 iliskilerinin modellenmesi ve optimizasyonu i¢cin ANFIS ve
GRA tekniklerini kullanmiglardir. Taguchi OD-L1g deney planina gore deneyler gerceklestirilerek
MKO ve YP ¢iktilarinin modellenmesi ve eniyilemesi iizerine ¢alismislardir. WEDM ile islemede
AISI 1050 karbon geliginde beyaz katman kalinliginin ANFIS ile tespiti {izerine gergeklestirilen
bir galismada (Maher vd. [17]) deney plan1 olarak Taguchi OD-L 1g kullanilmigtir. Azhiri vd. [18],
Al-SiC metal matris kompozit malzemenin WEDM ile islenmesinde kesme hizinin ve YP’nin
modellenmesi ve eniyilemesi iizerine ¢alismislardir. Taguchi OD-L27 deney planina gore elde
edilen deneysel veriler ile ANFIS’te modeller olusturulmus, GRA yontemi kullanilarak ¢iktilar
optimize edilmistir. Abhilash ve Chakradhar [19] ise WEDM prosesinde desarj voltajindaki
degisimin isleme kalitesine ve tel kopmasina olan etkisini aragtirmiglardir. Inconel 718 alasiminda
MKT-L3; tasarimi kullanilarak elde edilen deneysel verileri ANFIS’te kullanilmiglardr.

Literatiirde yer alan ¢aligmalardan goriildiigii tizere EDM/EDD/WEDM proseslerinde girdi-¢ikti
iligkilerinin belirlenmesi amaciyla ANFIS’te olusturulacak modeller i¢in ¢esitli deney tasarimlari
kullanilmistir. Buna karsin, s6z konusu ¢alismalarda spesifik bir deney plani secilmis olup diger
deney tasarimlar ile kiyaslanmamistir. Bir diger deyisle, se¢ilen deney planinin etkinligi ve
performansi 6l¢iilmemistir. Dolayisiyla, belirli sartlar altinda proses ¢iktilarinin modellenmesi ve
tahmininde hangi deney planinin uygun oldugunun tespiti iizerine bir ¢aligma bulunmamaktadir.
Bu calismada, EDD prosesi ile Inconel 718 alasim malzemesinde gergeklestirilen delik delme
islemleri i¢in iki farkli deney plani kullanilmistir. MKT ve OD tasarimlart kullanilarak spesifik
parametre degerleri ile gerceklestirilen deneyler sonucunda elde edilen veri setleri kullanilarak
ANFIS ile modeller olusturulmustur. Farkli kiime tiplerine ve sayilarina sahip modellerin ¢ikti
performanslari, validasyon (dogrulama) deneyleri dogrultusunda karsilastirilmistir.

2. Materyal ve Metot

Bu ¢alismada, @2 mm ¢apinda piring boru elektrotlar kullanilarak Inconel 718 alasim malzemeden
yapilmig 6 x 11 x 35 mm boyutlarindaki numuneler tizerinde delikler delinmistir. Delik delme
islemleri, otomatik kontrol sistemine ve dijital eksen okuyucuya sahip tezgahta gergeklestirilmistir
(Sekil 3). Degisken ve sabit deney parametreleri Tablo 1’de gosterilmektedir. Tum deneylerde;
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desarj akim — | (discharge current), vurum slresi — Ton (pulse-on time), bekleme suresi — Toft
(pulse-off time) ve kapasitans — C (capacitance) degisken parametrelerdir. Dielektrik sivi basinci,
voltaj seviyesi ve elektrot doniis hizi ise sabit tutulmustur. Degisken parametrelerin kademe
degerleri, tezgih {izerindeki kontrol panelinden secilmektedir. On ¢alisma kapsaminda
gergeklestirilen deneylerde 5-9 arasindaki kademelerin en uygun seviyeler oldugu saptanmus,
dolayisiyla tiim delik delme islemleri bu kademelerde gergeklestirilmistir.

Sekil 3. Delik delme deneylerinde kullanilan EDD tezgéahi

Tablo 1. Delik delme deneylerinde kullanilan degisken ve sabit parametreler

Degisken Parametreler Sabit Parametreler
Kademe 1(A) Ton (us) Toff (us) C (pnF) Voltaj: 27V
5 8,2 27 16 1100 Dielektrik Sivi: deiyonize su
6 8,8 30 18 1217 Dielektrik Basinci: 100 bar
7 10,2 35 20 1316 Elektrot Doniis Hizi: 200 devir/dk
8 11,5 38 23 1422
9 12,0 44 26 1476

EDD isleminde, proses performansinin dlgiilebilmesi adina farkli ¢ikt1 parametreleri incelenebilir.
MKO ile EAQ; birim zamanda is pargasindan kaldirilan malzeme miktar: ve elektrotun asinma
miktar1 olarak tanimlanan ¢iktilardir. MKO’nun olabildigince yiiksek, EAO’nun ise diisiik olmasi
istenmektedir. Bu durum, EDD’nin dogas1 geregi miimkiin degildir. Secilen parametre degerleri,
MKO’nun iyilesmesine imkan tanirken EAO {izerinde olumsuz etki yapmaktadir. Dolayisiyla bu
calismada, iki ¢iktinin biitiinlesik olarak degerlendirilebilmesi adina Bagil Asinma Oran1 — BAO
(Relative Wear Rate) incelenmistir:

MKO (mg/dk)
EAO (mm/dk)

BAO (mg/mm) =
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MKO’nun hesaplanabilmesi i¢in; her delik delme islemi oncesinde ve sonrasinda is parcasinin
agirhigi olgiilmis, elde edilen agirlhik farki delme siiresine oranlanmistir. Diger taraftan EAO,
delme islemi O6ncesinde ve sonrasinda elektrot boyundaki kisalma miktarinin delme siiresine
oranlanmasi ile bulunmustur. Sonug olarak, her delik delme isleminden sonra elde edilen MKO ve
EAOQ degerlerinden yola ¢ikilarak BAO degerleri tespit edilmistir.

MKT-L2s5 ve OD-L 25 deney planlarina gore hazirlanan ve modellerin egitilmesinde kullanilan veri
setleri Tablo 2’de verilmistir. Modellerin 6grenme ve ¢ikti performanslarinin saglikli sekilde
kiyaslanabilmesi agisindan her iki veri setinde 25’er adet veri bulunmaktadir. Girdi parametre
degerleri olarak tezgah lizerinde segilen kademeler kullanilmistir. MKT veri setinde, deney
planinin dogasi geregi #M1 nolu deney; 7 kez tekrarlanmis olup tekrarli deneyler sonucunda elde
edilen BAO degerlerinin ortalamasi (9,130 mg/mm) alinarak tabloda belirtilmistir.

Tablo 2. Modellerin egitilmesi i¢in kullanilan veri setleri

Deney Plam1 (MKT) Deney Plam1 (OD)

# | Ton Tosf C BAO # | Ton Torf C BAO

(mg/mm) (mg/mm)
M1 7 7 7 7 9,130 0O1 5) 5) 5) 5) 6,549
M2 5 7 7 7 9,728 02 5 6 6 6 7,369
M3 7 5 7 7 8,254 03 5 7 7 7 9,728
M4 7 7 5} 7 9,328 04 5) 8 8 8 12,265
M5 7 7 7 5 10,023 05 5) 9 9 9 13,336
M6 9 7 7 7 13,312 06 6 5) 6 7 10,365
M7 7 9 7 7 9,030 o7 6 6 7 8 14,691
M8 7 7 9 7 11,564 08 6 7 8 9 13,615
M9 7 7 7 9 12,947 09 6 8 9 5 9,178
M10 6 6 6 6 6,207 010 6 9 5) 6 9,009
M1l 8 6 6 6 8,760 Ol1 7 5 7 9 12,668
M12 6 8 6 6 8,292 012 7 6 8 5) 8,785
M13 6 6 8 6 10,153 013 7 7 9 6 9,851
M14 6 6 6 8 12,834 014 7 8 5) 7 7,922
M15 8 8 8 8 14,236 015 7 9 6 8 10,789
M16 6 8 8 8 12,712 016 8 5 8 6 9,128
M17 8 6 8 8 15,466 0o17 8 6 9 7 11,179
M18 8 8 6 8 15,547 018 8 7 5) 8 13,201
M19 8 8 8 6 9,079 019 8 8 6 9 14,842
M20 6 6 8 8 12,930 020 8 9 7 5 10,218
M21 8 8 6 6 8,106 021 9 5 9 8 14,824
M22 6 8 8 6 8,213 022 9 6 5) 9 15,502
M23 8 6 6 8 15,927 023 9 7 6 5) 14,353
M24 6 8 6 8 13,602 024 9 8 7 6 9,293
M25 8 6 8 6 9,349 025 9 9 8 7 11,963
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Modellerin validasyonu i¢in kullanilan veri seti Tablo 3’te gosterilmistir. Validasyon igin rastgele
girdi degerleri secilmis olup toplam 4 adet deney gerceklestirilmistir. Bu deneylerde kullanilan
girdi parametre degerleri, Tablo 2’de gosterilen her iki deney planinda da yer almamaktadir. Bir
diger deyisle, modellerin validasyonu icin egitim veri setlerinden tamamen bagimsiz segilen ve
farkl1 girdi parametre degerlerine sahip deneyler kullanilmistir. Bu sayede, modellerin ¢ikti
performanslarinin saglikli sekilde karsilastirilabilmesi miimkiin olabilecektir.

Tablo 3. Modellerin validasyonu i¢in kullanilan veri seti

# | Ton Tosf C (mgl?nén?)
Vi 7 8 7 8 11,927
V2 8 7 7 6 9,306
V3 6 8 8 7 9,470
A2 9 5} 8 14,172

Modellerin olusturulmasi, egitilmesi ve validasyonu icin Matlab® ANFIS modiilii kullanilmustir.
Girdi parametreleri (I, Ton, Toff, C) igin; yamuk (trapmf), can (gbellmf), gaussian (gaussmf) ve
birlesik sigmoidal (psigmf) olmak iizere 4 farkli kiime tipi se¢ilmistir. Ayrica, her girdi parametresi
i¢in 2 ve 3 kombinasyonlarina gore kiime sayilari belirlenmistir. Dolayisiyla, MKT ve OD igin
64’er adet olmak (izere toplamda 128 adet model (Tablo 4) olusturulmustur.

Modellerin egitiminde; En Kiglk Kareler Yontemi (Minimum Squares Method) ile Geri Yayilmali
Ogrenme Algoritmasinin (Backpropagation Learning Algorithm) bitlestirildigi Melez Ogrenme
Algoritmas1 (Hybrid Learning Algorithm) kullanilmistir. Egitim hata tolerans1 (error tolerance)
i¢cin herhangi bir deger atanmamis, boylece asgari hata degeri ile modelin egitilmesi amaglanmaistir.
Egitimde kullanilan iterasyon sayisi (epoch number), 300 olarak belirlenmistir. Bunun sonucunda
validasyon veri setindeki deney sonuglari ile modelin verdigi ¢ikt1 degerleri ile dikkate alinarak
Kok Ortalama Kare Hatas1 — RMSE (Root Mean Square Error) hesaplanmustir.

3. Bulgular ve Tartisma

Yukarida bahsedildigi Uzere toplamda 128 adet model olusturulmus ve egitilmistir. Validasyon
(dogrulama) veri seti kullanilarak modellerin validasyon hata degerleri (RMSE) hesaplanmistir.
Tum modeller icin elde edilen validasyon hata degerleri Tablo 4’de ve Sekil 4’de verilmistir.
Sonuglardan goriildiigii iizere; #6 nolu model haricinde MKT ile olusturulan tiim modeller, OD’ye
kiyasla daha diisiik hata degerlerine sahiptir. Bir diger deyisle, kiime tipi ve sayisindan bagimsiz
olarak MKT deney tasariminin kullanildigr modeller girdi-¢ikt1 iligkisinin tespitinde daha dogru
tahminler yapabilmektedir. Bunun baslica sebebi, deney setlerindeki parametre degerlerinin farkli
olmasidir. Tablo 2’den anlasilacagi izere MKT, parametre seviyeleri (kademe degerleri) igerisinde
oncelikle orta kademe degerini (“7”) dikkate almakta ve diger deneylerdeki degerlerin buna gore
belirlenmesine yonelik bir yapiya sahiptir. Bu durumda deneyler, merkez seviye odakli degerlerle
kurgulanmaktadir. Diger taraftan, OD tasariminda deney kurgusu ¢ok farklidir. OD ile tasarlanan
deneylerde; parametre degerlerinin sirali dizilime (“5 6 7 8 9”) sahip oldugu goze carpmaktadir.
Ozetle, MKT ve OD tasarimlarinin odaginda yer alan seviye degerleri farklidir. Bu sebepten &tiirii
ANFIS ile modellemede MKT’nin daha iyi performans sergiledigi diigiiniilmektedir.
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Tablo 4. Tim modellerin validasyon hata degerleri (RMSE)
Model Kime TRAPMF GBELLMF GAUSSMF PSIGMF

No. Sayisi MKT oD MKT oD MKT oD MKT oD
1 2222 03934 25213 0,6698 25085 0,9837 24586 0,3582 2,5082
2 2223 05694 2,3811 0,8056 11,9127 0,9098 1,8420 0,5840 2,3436
3 2232 16252 4,0928 1,7186 4,2767 11,4101 4,3520 11,6504 4,0501
4 2322 13008 2,0417 16709 2,656 1,7572 2,497 11,2815 2,0258
5 3222 08494 2,2003 1,0338 2,3049 0,9958 24762 0,8507 2,2715
6 2233 20786 19172 2,0945 18288 2,1128 1,7327 2,0275 11,9022
7 2333 11,0212 3,1121 0,8644 2,6091 0,8736 25447 1,0122 3,1032
8 2323 14127 2,3407 16779 2,0052 11,8752 1,9523 1,4117 2,3078
9 2332 18729 3,7465 2,2177 4,0377 15995 4,1124 1,6789 3,7142
10 3333 12052 11,4888 09182 18460 0,9267 11,8569 1,2971 1,4707
11 3322 04130 2,4149 0,3487 2,0244 0,4204 2,0220 0,4006 2,4350
12 3332 1,7090 2,3497 11,3905 2,5503 11,6025 2,3392 16076 2,3619
13 3232 09030 36438 0,8431 38002 0,8624 3,9013 09786 3,5674
14 3233 20478 2,7336 1,6100 1,7257 15653 1,6702 2,0416 2,6941
15 3323 11,0829 26192 0,8607 11,7329 0,9612 15607 1,1231 2,5450
16 3223 1,0740 2,8523 11,0496 2,1705 0,9840 1,9674 1,0541 2,8260
5.0 5.0

. = MKT-TRAPMF  ® OD-TRAPMF . ® MKT-PSIGMF  m OD-PSIGMF

a 4.5 g 4.5

S 40 S 40

e 3

© 3.5 = 3.5

T 3.0 T 30

<25 £ 25

= 20 = 20

Eu 1.5 f_Eu 1.5

b e i

Zos AR ICH 0O 2 o o A A B BT
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Sekil 4. Validasyon hatalarinin (RMSE) karsilastirilmasi

Performans karsilastirmasi yapabilmek adina tiim modeller i¢erisinde MKT ve OD ile olusturulan
en iyi modeller secilmistir. Tablo 4’deki validasyon hatalar1 dikkate alindiginda en diisiik hata
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degerine sahip modellerin; MKT i¢in “GBELLMF-3322" ve OD i¢in “PSIGMF-3333” oldugu
gorulmektedir. Bu modellerin ag yapilar1 Sekil 5 ve Sekil 6’da gosterilmektedir. Ag yapilarindan
anlasilacagi lizere girdi parametreleri (I, Ton, Toff, C) i¢in kiime sayilar1 “MKT-GBELLMF-3322”
modelinde “3 3 2 2” iken “OD-PSIGMF-3333” modelinde “3 3 3 3” olmustur. Dolayisiyla, kural
sayilari sirasiyla 36 ve 81 olarak belirlenmistir.

Sekil 5. Model “MKT-GBELLMF-3322" Sekil 6. Model “OD-PSIGMF-3333”

Secilen modellerin, validasyon veri setindeki deneysel sonuglarla karsilastirilmasi ve her bir
validasyon deneyindeki hata oranlart Tablo 5 ve Sekil 7°de verilmistir. Sonuglardan gorildigi
iizere MKT ile olusturulan modelin OD’ye kiyasla ¢cok daha diisiik hata yiizdeleri ile sonuglari
tahmin edebildigi goriilmektedir. “MKT-GBELLMF-3322” modelindeki hata pay1 en fazla %6,2
iken “OD-PSIGMF-3333” modelinde hata oran1 %16,4’tir.

Tablo 5. Secilen modellerin validasyon hata degerleri (%)

BAO (mg/mm) BAO (mg/mm) Hata BAO (mg/mm) Hata

# DENEYSEL  MKT-GBELLMF-3322 (%) OD-PSIGMF-3333 (%)
V1 11,927 11,953 0,2 12,436 4,3
V2 9,306 8,945 3,9 7,775 16,4
V3 9,470 10,058 6,2 7,999 155
V4 14,172 14,269 0,7 12,201 13,9

18

B MKT-GBELLMF-3322
16

B OD-PSIGMF-3333
14

12

Validasyon Hata Degeri (%)

©O N &~ O ®

Vi V2 V3 va4

Validasyon Deney No.

Sekil 7. Secilen modellerin validasyon hatalarinin karsilastiriimasi
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Sekil 8’de segilen modellerin validasyon degerlerinin deneysel sonuglara gore regresyonlari
gosterilmektedir. Lineer regresyon degerleri (R?); “MKT-GBELLMF-3322” modelinde 0,9721
iken “OD-PSIGMF-3333” modelinde ise 0,8135 olarak elde edilmistir. OD modeline kiyasla daha
yiiksek regresyon degerine sahip MKT modeli dogru ve tutarli sonuglar vermektedir.

15 15 -
® MKT-GBELLMF-3322 Y OD-PSIGMF-3333
14 P 14
R2=0,9721 . 7 R%2=0,8135

T 183 . T 13 ,
£ s 3 s
E . E g
£ 12 . ® £ 12 . s’
3 s, I 4
11 4 e 2 11 - s
] Ve ] 7
] s & s
g 10 L 9 10 e
o 7 o v
3 3 s

9 1 o 9 ,

7’
’
8 8
7 T T T T T T ) 7 T T T T T T |
8 9 10 11 12 13 14 15 8 9 10 11 12 13 14 15
BAO - ANFIS (mg/mm) BAO - ANFIS (mg/mm)

Sekil 8. Secilen modellerin validasyon degerlerinin regresyonu
4. Sonuclar

Bu ¢alismada, deney planinin EDD isleminde girdi-¢ikti iliskisinin ANFIS ile modellenmesindeki
etkisi arastirilmigtir. Deney planinin etkinliginin saglikli sekilde belirlenebilmesi amaciyla esit
sayida deney yapilmasini 6ngoren veri setleri (MKT-L25 ve OD L25) kullanilmistir. Farkli kiime
sayilar1 ve kiime tiplerine sahip toplam 128 adet model olusturulmus ve bu veri setleri kullanilarak
egitilmistir. Modellerin validasyonu, egitim i¢in kullanilan veri setlerinde bulunmayan tamamen
farkli deneyler dogrultusunda gergeklestirilmistir.

Elde edilen sonuglar su sekilde 6zetlenebilir:

= Kiime sayis1 “2233” olan model harig tiim modellerde MK T’nin OD’ye kiyasla daha diisiik hata
orant ile sonuglar1 tahmin edebildigi gorilmiistiir.

= Validasyon hata degerleri gz oniine alindiginda en diisiik RMSE hatasina sahip modellerin
“MKT-GBELLMF-3322" (36 kural, ¢can kiime tipi) ve “OD-PSIGMF-3333” (81 kural, birlesik
sigmoidal kiime tipi) oldugu belirlenmistir.

= Secilen modeller karsilastirildiginda MKT ile olusturulan modelde en yiiksek hata orani %6,2
iken OD modelinde bu oran %16,4 seviyesindedir.

= Validasyon deneylerinde lineer regresyon sonuglarina gére MKT modelinde R? degeri 0,9721
iken OD modelinde bu deger 0,8135 olarak tespit edilmistir.

Ozetle, ANFIS ile modellemede kullanilacak egitim veri setinin belirlenmesinde deney tasarimimin
rolii biiyiliktiir. OD tasarimi ile olusturulan modellere kiyasla MKT’ye gore olusturulan modellerin
daha dogru ve tutarl sonuglar verdigi gozlemlenmistir.
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Abstract

Martensitic stainless steels are preferentially used in applications where high mechanical
properties with satisfactory general atmospheric corrosion resistance are in concern. These alloys
are strengthened by heat treating methods generally the same as plain carbon or low alloy steels.
The main metallurgical difference can be defined as air cooling is enough for obtaining adequate
strength values in these alloys for complete cross-sectional hardening operations. These alloys are
also hardened by cooling in oil in many applications with precautions for preventing cracking
phenomena. However they can be rarely strengthened up to specific amounts of case depths by
surface hardening methods. In this study; @24x10 mm in dimensions of 420 martensitic stainless
steel samples are conventionally gas carburized in a controlled furnace atmosphere. Applicability
of conventional gas carburization technique on 420 alloys is investigated. Gas carburization
performance and case depths are studied by micro-vickers hardness tests and micro-structural
analysis. The case hardness is determined as 590 HV with an average case depth of approximately
0.66mm while the core hardness value is estimated as 400HV in mean values after heat treatments.
AISI 420 alloy can be satisfactorily surface hardened with conventional gas carburization method.

Keywords: Martensitic stainless steels, Surface hardening, Gas carburization.

1. Introduction

AISI 420 martensitic stainless steels are generally defined for their dominant martensitic
microstructure when they hardened rather by air as it originates from the term ‘air hardening’.
They can be strengthened up to 1900MPa values by quenching and tempering via complete (full)
cross-sectional heat treatments [1]. Complete cross-sectional heat treatments can cause to
cracking, distortion, stresses or improper micro-structural developments that may result in
reducing the service life of mechanical components or parts [2,3].

Therefore as an alternative to complete hardening operation only a specified depth of parts from
the surface can be hardened in order to obtain adequate wear resistance for prolongation of service
life. Carburizing, nitriding, boriding, induction and flame hardening heat treating methods can be
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used for such case hardening operations. Among them especially carburizing but also nitriding are
two popular case hardening techniques in consequence of determining and adjusting case depth
control simply by heat treatments [2, 4].

Carburizing can only be effectively applied on steel groups that have carbon element amounts less
than approximately 0.25% by weight [2]. By carburizing core regions of parts have original (raw
material) amounts of carbon element in limited values while it is enriched in case regions by an
intense carbon ambient inside the furnaces. That’s why after carburizing followed by hardening,
parts can simply have much more hardness values in case regions as compared to core regions.
Upon quenching the high carbon including region transforms rapidly to martensite phase resulting
in higher hardness values than the core regions having finally dominant perlitic and ferritic
microstructure. Nickel, chromium and molybdenum elements are intentionally added to
carburizing steel groups in order to facilitate the carburizing operation. Carburizing can be applied
in three common ways. Solid, liquid and gas carburization can be effectively used. As a
comparison gas carburization is frequently preferred for easier control of process parameters and
accurate management of needs for parts to be heat treated [2, 3].

Carburizing operation is generally applied to steels depending on their compositions in a
temperature range of 900-1050°C selected mainly for best diffusion temperatures in austenitic
structure of steel although higher temperatures as well as 1095°C can also be used. After the
carburizing followed by quenching (or hardening) heat treatment parts must be tempered for
relieving the internal stresses originating from thermal shocks and adjusting the final hardness
values [2-6].

Commonly, surface treatment of various classes of stainless steels is hard to accomplish. The main
reason is the chromium oxide layer or various types of oxides formed naturally on these steels
acting as an obstacle to be surface treated. Therefore as a practical solution the surfaces of the
samples are machined just before the carburization operation in order to eliminate oxidation for
increasing the effectiveness of the carburization [6].

In this study; AISI 420 stainless steel round bar samples are gas carburized and hardened for
investigating the applicability of method and determining the effectiveness of case depth and
surface hardness values. Micro-structural and micro-hardness tests are applied for identifying the
carburization efficiency of samples.

2. Materials and Methods

Experimental material is prepared from AISI/SAE 420 martensitic stainless steel bar to dimensions
of @24x10 mm. The hardness value of raw 420 alloy is estimated 228 HV1 in mean values as seen
in Figure 1.

Spectral analysis result of experimental alloy gained from Amatex Spectromax optical argon
emission spectrometer is given in Table 1.
Table 1. Spectral analysis of 420 alloy (%wt.)
C Si Mn P S Cr Mo  Ni \Y N Fe Others
0.230 0.51 0.63 0.010 0.002 13.30 0.006 0.13 0.04 0.02 85 0.122
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Figure 1. Raw 420 alloy

Experimental material is suitable with the standard document [7]. Micro-vickers hardness testing
method is used for obtaining test samples core and case hardness values with a unit cell load of 1
kg [8, 9]. The hardness values are investigated by an Emcotest brand Durascan 20 model micro-
vickers hardness testing instrument. Effective case depth and hardness surveys of carburized layer
are investigated according to the related standards [8-10].

Gas carburization heat treatment is applied conventionally by carburization followed by quenching
in IVA Brand RM300 model controlled atmosphere furnace. Heat treatment parameters are listed
in Table 2 as interpreted from literature [1-6].

Table 2. Heat treatment parameters
Pre-heat Time at

Time at pre- Carburization N Hardening
tempf rature heating (min.) temperature (°C) carbur_lzatlon Temperature (°C)
(°C) (min.)
600 60 910 320 1020
Carburization Carbon content ~ Time at hardening Quenching media Quenching media
source (by%ovol.) (min.) 9 temperature (°C)
Aceytone+methy| 0.95 25 Oil bath 60
alcohol

3 samples are prepared for gas carburization operation. Samples are pre-heated for reducing
thermal shock probabilities before the carburization at 600 °C in an electrical resistance dry
furnace for 60 minutes.

Carburization stage is applied at 910 °C in controlled atmosphere furnace at approximately 320
minutes of duration time by aceytone and methyl alcohol mixture obtained from a gas chamber
ensuring the final carbon content of ambient 0.95% by volume. Increasing carburization time
increases the carburized layer depth therefore wear resistance is also improved [2-6, 11, 12].

As soon as the carburization stage finishes the temperature of the furnace is increased to 1020 °C
with the samples inside for the need of adjusting the samples hardening temperature. After keeping
25 minutes of duration time at hardening stage as estimated according to the samples stock
dimensions they were immediately cooled by oil quenchant keeping it with a constant temperature
of 60 °C. Until the temperature of samples decreases to the oil bath temperature, they were taken
to atmospheric environment for cooling down directly to room temperature.

After the carburization and hardening stages all of the three samples, the hardness values are
controlled by micro-vickers hardness instrument with 1 kg unit cell of HV1. Finally, the tempering
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operation is applied to all samples for stress relieving and adjusting the final hardness values in a
dry resistance furnace at 130°C for two hours of time.

3. Results and Discussion
3.1. Micro-structural examinations of samples

Carburized and as hardened state of samples microstructure is given in Figure 2.

Qe N ) S [ ——

Figure 2. Microstructure of carburized and hardened samples

In core region (right hand side of the micrograph) dominant needle like martensitic (darker)
microstructure with delta ferrite (semi-dark) and minor amounts of retained austenite (the lightest)
is visible.

However in case region (left hand side of the micrograph) the amount of martensite phase
increases, besides grain boundary chromium carbides seem as the darker regions. At some regions
of the case sides, the effective case depth changes from place to place most probably in
consequence of inhomogeneous carburization operation as clearly seen from Figure 2.

3.2. Micro hardness tests of samples

Effective case depth estimation and hardness surveys by micro-vickers hardness testing
After the carburizing and hardening operations the surface hardness value is estimated as 590HV1.
The hardness limit value for determining the effective case depth value is calculated approximately
472 HV1 according to EN 10328 standard document.
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Microvickers hardness testing instrument is adjusted for 0.1 mm intervals of indentation points the
first one to be 0.15mm away from the surface of case hardened layer. The hardness survey results
after heat treatments are listed in Table 3.

Table 3. Micro-hardness test results after the heat treatments
Distance from the outer case (mm) Core Raw
region  State (in
01 02 03 04 05 06 07 08 09 1.0 (inmean mean
values)  values)

Micro
hardness

value
(HV1) 558 543 508 485 474 475 470 472 464 465 400 228

Case depth is estimated approximately as 0.66mm. Core region micro hardness value is determined
as 400HV as a result of hardening operation after the carburization. Effective case depth estimation
of samples is given in a graph in Figure 3.

Figure 3. Effective case depth results
4. Conclusions:

e AISI 420 martensitic stainless steel samples are conventionally gas carburized
satisfactorily.

e After carburization and hardening operation, raw samples core hardness value is increased
from 230HV to 400HV.

e The effective case depth and micro-hardness limit value are calculated according to
EN10328 standard document.
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The case hardness is determined as 590 HV value while the effective case depth is found
approximately 0.66mm in mean values varying from place to place on samples.

Acknowledgments: Authors present their thanks to Mechanical and Chemical Industries
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GROUP IV SEMICONDUCTOR MATERIALS
USED FOR INFRARED DEVICES
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Abstract

Infrared photonic devices have found numerous applications for detecting longer wavelengths
beyond the reach of the human eyes. Different material systems and devices for infrared (IR)
technology have been studied for achieving high-performance devices. Semiconductor lasers
emitting in infrared portion of the electromagnetic spectrum range have many important
applications in high-impact fields of light—-matter interaction in different industries. The different
materials (Group IV, I11-V, and I1-VI) and structures of semiconductor-based IR photonic devices
have been developed to achieve performance needs. Short-wave infrared (SWIR: 1.5-3 um), mid-
wave infrared (MWIR: 3-8 um), and long-wave infrared (LWIR: 8-14 pm) bands can be
potentially served by all-group 1V (Si)GeSn devices. In this study, the material parameters of
heterostructures at the desired Sn/Pb content and lattice strain of Si compatible direct bandgap
semiconductors of group 1V compounds were investigated for high performance. In Si-based
technology, Ge-based alloys with low concentrations of Sn, and Pb are the most interesting since
it is important to tune the conduction and valence bands without drastic modification of the lattice
constant. The simulating and understanding the fundamental properties of materials have been
used to create new opportunities for Si-compatible infrared photonic devices and
applications. The alloying Ge with other elements from group 1V (Ge/Sn/Pb) were potential to IR
photonic technology.

Keywords: Germenium, GeSn, GePb, Si photonic, infrared, semiconductor
1. Introduction

The optoelectronics devices made from silicon (Si) and germanium (Ge) are known as silicon (Si)
photonics or group IV photonics. Silicon (Si) photonics operating in the infrared regions are
attracting great interest because of the intrinsic communications-based, medical and atmospheric
sensing applications and on-chip CMOS optoelectronic systems with novel applications [1]. There
are many potential applications for silicon photonics in the IR range. The direct and indirect band
gaps of Si(GeSn/GePb) were calculated energy-band structure of o-Sn and from the known
structures of Ge and Si. The material parametrers are calculated and compared the group IV-
elements. The parameters of the binaries Sn1—xGex, Gel—ySiy and Sil—ySny change linearly with
x and y and estimated using Vegard’s law by interpolation from the parameters of binaries (GeSn,
GePb, SiGe, and SiSn). Ge and Si have common crystal structure, the diamond cubic lattice, and
different lattice parameters as 5.43 A for Si and 5.65 A for Ge. The lattice parameter of Ge-Si
alloys obeys Vegard's law. This article focuses on the parameters of silicon photonics and briefly
summarize the possible applications. Germanium Lead (GePb). The periodic table group IV
elements are given in figure below.
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Figure 1. The Group 4 (Group 14) elements.

2. Materials and Methods

Using Vegard’s law, band gaps and lattice constants for GeSn and GePb can be calculated. In order
to be able to calculate bandgap and lattice constant of GeSn and GePb using Vegard’s law we
need the parameters of Ge, Sn, Pb [2-5]. The band gaps and lattice constants were calculated. Table
1 shows that the constants of Ge, Sn, and Pb.

Table 1. The band gap and lattice constant of Ge, Sn, and Pb.
Material  Bandgap (eV) Lattice Constant (A)

Ge 0.67 5.568
Sn -0.41 6.489
Pb 6.82

3. Results and Discussion

The band structures of GePb and GeSn were calculated to understand and develop Si-based GeSn
and GePb devices for low-cost infrared imaging and high-speed detection. The calculated band
gap energy and indicate that the Pb and Sn concentration increase, the bandgap energies were
decreased. The lattice constant of GeSn and GePb alloys agree with experimental and other
theoretical values. The calculated results of GePb and GeSn have the same trend as the
concentrations increase, and the increase in GePb is much slower than GeSn.
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Figure 2. The calculated (a) band gap energy and (b) lattice constant for GeSn and GePb.

4. Conclusions

The group-1V semiconductors Si and Ge have limited active photonic device applications due to
indirect band gap. The new technologies and fabrication techniques were open new application
windows for group-1V materials. Ge,_,Sn, and Ge;_Pb, alloys development have special interest
to develop new integrated room temperature active and passive device applications such as
waveguides, sources, detectors, amplifiers, resonators, switches, modulators, and optical
parametric devices. These systems were good candidates for a new generation of infrared devices,
with the critical advantage that they can be grown directly on Si.
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Abstract

Laser welding of an alpha-titanium alloy (Ti-5Al-2.5Sn) was performed in a Beed on Plate (BoP)
configuration at five different welding currents (140 Amps, 150 Amps, 160 Amps, 170 Amps, 180
Amps) keeping all other laser welding parameters constant using a pulsed Nd-YAG laser welding
system. A relationship between the microstructures evolved at different welding parameters and
their nanocreep behavior was investigated. The microstructural evaluation reveled the formation
of a’-martensite in the fusion zone (FZ) of all the beads. Owing to the presence of o'-martensite
and acicular a, the microhardness and nanohardness increased by ~71% and ~58%, respectively
from the base alloy (BA) to the FZ. Nanocreep analysis showed that the diffusional creep
mechanism was observed in all the specimens except the bead performed at 140 Amps since the
calculated stress exponent value was less than 2.

Keywords: Laser Welding, Ti-Alloy, Microstructures, Nano-Indentation, Creep Behavior.
1. Introduction

Titanium alloys possess excellent high strength-to-weight ratios, remarkable resistance to
corrosion, wear and high temperature creep. These outstanding properties of Ti-alloys make them
ideal for use in high perfromance structural applications. The industries extensively using Ti-alloys
include but are not limited to aerospace, petrochemical, automotive, power generation, marine
structures and biomedical [1-3].

Titanium alloys are mainly categorized as commercially pure (Cp) titanium, alpha (a) titanium
alloys, alpha-beta (a-p) titanium alloys and beta (B) titanium alloys. a-Ti alloys or near a-Ti alloys
show superior creep properties and strength at elevated temperatures than o-f and -Ti alloys [4].
Amongst these alloys, those containing aluminum, tin and/or zirconium are preferred for high
temperature applications [5]. When undergoes heating, Ti experiences a phase transformation from
HCP (o-phase), to BCC (B-phase) and this transformation temperature is called B-transus
temperature. B-transus temperature is different for different titanium alloys and depends on the
alloying additions or impurities present in the alloy [6].

One of the promising benefits of the a-Ti alloys is their good weldability because they exhibit
better weld properties than the base metal (BM) itself. This attribute of a-Ti alloys is due to the
formation of a’-martensite and acicular o within the weld both having higher strength/hardness
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than the BM. However, in B-Ti alloys, because of the presence of p-stabilizers (like V, W, Mo
etc.), the formation of a’-martensite is suppressed thus resulting in welds having lesser strengths
than that of the BM [7].

Ti-5Al1-2.5Sn is an a-Ti alloy which is mostly used in the aerospace applications requiring high
temperature strength [5,8]. Furthermore, it has low cost alloying elements as compared to the
wellknown Ti—6Al-4V, which is considered to be the ‘workhorse’ of aerospace industry [5]. This
alloy has outstanding weldability and is frequently used in airframe applications. This is
particularly suitable for the aerospace structural components near engines and leading edge of the
wings and can withstand temperatures up to 480 °C [5]. Other characteristics of this alloy include
good ductility and fracture toughness at extremely low temperatures (-252 °C) where the well-
known Ti-6Al-4V alloy loses its ductility [9]. This alloy has also been extensively used in annealed
conditions for cryogenic equipment such as liquid hydrogen tanks and high pressure vessels,
operating at such low temperatures [10-12].

Conventional as well as solid state welding methods have been used in industry for joining Ti-
alloys [13]. However, conventional arc welding processes like Tungsten Inert Gas Welding (TIG)
are mostly used due to ease of automation and low cost operation [14]. Furthermore, laser beam
welding (LBW) has also been established to be very effective due to its focused and dense heat
source and low heat input. This high power density of LBW results in high penetration in a single
pass and consequently in a reduced overall heat input. Therefore, the grains in the weld zone are
relatively fine, hence narrower HAZ and reduced structural distortions are observed as compared
to TIG welding process [15]. Nd-YAG Pulsed Laser Beam Welding (P-LBW) is an effective and
controllable welding process due to the ease of obtaining desired welding mode by chossing an
ideal combination of welding parameters (pulse energy, pulse duration, pulse frequency and
welding speed). Furthermore, this pulsation leads to a cooling effect which is intermittent in nature
and consequently results in grain refinement of produced welds [16,17]. Due to these
characteristics, laser welding is by far the most researched and widely used joining technique for
high-performance alloys.

Various researchers have investigated the microstructure, mechanical properties and creep
behavior of different Ti-based alloys (e.g., Ti-6Al-4V, Ti-60, CpTi, Ti-5Al-2.55n) welded with
either Electron Beam or Laser Beam Welding processes [18-21]. However, the nano-creep
behaviour of Ti-5Al-2.5-Sn weld beads has not been investigated before. The present work is
focused on the effect of laser welding power on the microstructure and nano-creep behaviour of
Ti-5Al-2.5Sn alloy beads produced by P-LBW using Bead-on-Plate (BoP) configuration.

2. Materials and Methods

In the present study, a 1.6 mm thick sheet of fully annealed Ti-5Al-2.5Sn alloy was used as BM.
The chemical composition of the Ti-5Al-2.5Sn sheet in wt.% is shown in Table 1. Five weld beads
were produced using Nd-YAG Pulsed Laser Beam Welding (P-LBW) at five different welding
currents/powers in a Bead-on-Plate (BoP) configuration without clamping the BM keeping all the
other parameters constant as shown in Table 2. Argon gas was employed as a shielding gas to
prevent the alloy surface from oxidation during welding. Wire electric discharge machining
(EDM) was used to prepare the specimens for metallography, microhardness and nanoindentation
testing in the transverse direction of the weld beads. For microstructural and nanoindentation creep
analysis, all specimens were cold mounted and subsequently ground using silicon carbide (SiC)
grit paper ranging from 220 to 4000 grit size. Finally, a micro cloth was used along with 0.25 um
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diamond paste for polishing purposes. Kroll solution (6 % HNO3 + 2 % HF + 92 % distilled water)
was used for etching purposes. After etching, all the weld beads were examined under Olympus
BH2-UMA optical microscope using a sensitive tint filter and polarized light. The morphology of
the grains were analysed using Carl Zeiss Evo 15 scanning electron microscope (SEM). The
microhardness profiles were measured using a micro-hardness tester (Tukon Model 300) at a load
of 200 gf, with 10 s dwell time.

Table 1. Chemical composition of Ti-5Al-2.5Sn in wt.% as measured by EDS.
Ti Al Sn
92.09 5.37 2.54

Nanoindenter (iMicro, Nanomechanics, TN, USA) was used for nanoindentation at room
temperature. The nano-hardness and elastic moduli of all the specimens were measured by using
a three-sided Berkovich tip, at a constant load of 200 mN in load control mode during
nanoindentation. For creep testing, the highest indentation load was 200 mN, with a strain rate of
0.1 s and the indenter was held for 200 s to examine the variation of creep depth over time.
Afterwards, the indenter was promptly discharged to 10 % of its maximum load and kept for 40 s
to observe drift velocity. To conclude the test, the indenter was completely unloaded from the
specimen surface. Oliver and Pharr method was used to measure the hardness (H) and modulus of
elasticity (E) [22]. The hardness (H) value was calculated using Equation (1), where P is the
applied load and Ac is the indentation projected area. The slope of the unloading curve P-h curve
was used to estimate the modulus [22].

H= i 1

“Ac @)
The creep behaviour in nanoindentation testing was studied using the data obtained by holding the
indenter tip for 200 s. Poisl et al. [23] approach was used to calculate the indentation strain rate
for the Berkovich indenter as represented by Equation (2):

C Strain Rate (<)) = Rate of Indentation Depth h 1 dh )
recp Strain Rate (¢) = Indentation Depth ~ h h' dt (2)

After calculating the creep strain rate, the empirical creep model was used to fit the indentation
depth rate data on the measured experimental creep rate and this model is expressed in Equation
(3) [24]:

1 1 1
h = h;+a(t-t;)2+b(t-t;)3+c(t-t;)8 3)
Table 2. P-LBW welding parameters.

_ Power Welding Puls_e Pulse Ar Gas Flow
Specimen No. (W) Speed Duration Frequency Rate
(mm/min) (ms) (Hz) (lit/min)
S-1 140 300 8.0 10 10
S-2 150 300 8.0 10 10
S-3 160 300 8.0 10 10
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S-4 170 300 8.0 10 10

S-5 180 300 8.0 10 10
where t is the creep time, h is the depth of indenter penetration, and a, b, c, hi and t; are the best-
fitting parameters. Indentation creep stress was calculated by using Equation (4) in the holding
stage as given in the literature [22].

()

Where hmax, h and o are maximum loading depth, instantaneous depth and indentation creep stress,
respectively.

The creep stress exponent in the steady-state creep stage was measured using the power-law, since
it is only valid for the secondary/steady-state creep stage, as given by Equation (5):

g = ko" (5)
3. Results and Discussion
3.1 Physical Appearance

A schematic illustration of a pulsed laser weld bead is shown in Figure 1. The weld bead consists
of a sequence of spots or patches that overlap each other. P-LBW process is typically used to
minimize the heat input during welding as compared to continuous wave (CW) LBW whose power
output is constant over time. Consequently, this low heat input associated with P-LBW results in
an over all reduced distortion of the weldment.

Figure 1. Schematic of P-LBW weld bead consisting of a sequence of overlapped spots

The % Overlap can be calculated by using the Equation (6), where S’ is the length of the weld spot
that is not overlapped by the laser welding and S is the major diameter of the weld spot as presented
in Figure 1.

[S-S]
S

% Overlap = %100 (6)

Moreover, heat input (H) in the beads can be measured by using Equation (7) where P4y is average
power and U is the welding speed.

H = Pav (7)
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In addition, peak power (Ppeak) can be related to average power (Pav), pulse frequency (f), and
pulse duration (t) by using Equation (8). Pulse frequency and pulse duration for all the experiments
were kept constant at 10 Hz and 8 ms, respectively.
P

I:)peak: % (8)
Figure 2 shows the physical appearance of all the beads produced using five different values of
laser power. It can be observed from Figure 2 that all the weld beads were free from oxidation and
contamination due to the proper use of shielding gas (argon with a purity of 99.999%).

Figure 2. Physical appearance of all the weld beads.

In the present study, only the average power was varied from 140 W to 180 W while welding
speed, pulse frequency and pulse width/duration were kept constant as presented in Table 1. Figure
2(f) shows the dimensions of the spots (S” and S) which were used to calculate the % overlap using
Equation (6). It can be concluded that with the increase in average power from 140 W to 180 W,
% overlap increased from ~ 54 % to ~72 % as shown in Table 3. This can be attributed to the
increase in heat input and peak power associated with increase in average laser power during
welding. Table 3 represents the calculated values of peak power, heat input and spot overlap using
Equations (8), (7) and (6), respectively.

Table 3. P-LBW parameters used and calculated.

S Average  Welding Pulse Pulse Peak Heat Spot
ample . .
No. power speed_ duration  Frequency power input overlap
(W) (mm/min) (ms) (H2) (kW)  (J/mm) (%)
S-1 140 300 8.0 10 1.75 28 53.7
S-2 150 300 8.0 10 1.88 30 59.1
S-3 160 300 8.0 10 2.00 32 62.9
S-4 170 300 8.0 10 2.13 34 68.1
S-5 180 300 8.0 10 2.25 36 71.5

3.2 Microstructural Characterization
Figure 3 shows the microstructure of the Ti-5Al-2.5Sn base alloy (BA) where the equiaxed alpha

grains are embedded in the prior beta matrix. ImageJ software was used to measure the average
grain size of the base alloy, which was found to be ~10.2 um, using the linear intercept method.
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Figure 3: Microstructure of Ti-5Al-2.5Sn base alloy.

Figure 5 (a, ¢, e, g, i) shows the microstructural variations, weld bead width and penetration as a
result of varying heat input per unit length and peak power. it can be observed that the penetration
and the width of the weld pool increased from ~ 210 um to ~ 884.4 um and ~1257 pm to ~1561
um, respectively as measured by using imagelJ software. This increase in penetration and width of
the beads is due to the increase in heat input and peak power since with the increase in power from
140 W to 180 W at constant welding speed and pulse width, the heat input per length and peak
power increased from 28 J/mm to 36 JJmm and 1.75 kW to 2.25 kW, respectively as shown in
Table 3. Moreover, it can also be observed that near the HAZ/F Z interface, the microstructure of
the HAZ varies from equiaxed a grains near the base alloy to a more refined a and a’ martensite
in all the beads as shown in Figure 4 (a, c, e, g, i) which is due to the high cooling rate at FZ/HAZ
interface [25].

Figure 5 (b, d, f, h, j) presents the effect of average laser power on the evolution of average grain
sizes and prior beta grains in the fusion zone (FZ) of all the beads. It has been reported that high
cooling rates can be accomplished with relatively low average power and heat input in the welding
process [26]. Moreover, it is well-known in the literature that higher is the cooling rate, the less
will be the prior beta grain size [27]. In the present study, the bead obtained at 140 W has the
minimum grain size (~ 25.6 um) due to the least peak power and heat input per unit length of 1.75
kW and 28 J/Jmm, respectively. Owing to the maximum heat input (36 J/mm) and peak power (2.25
kW) achieved at 180 W power which caused a reduction in the cooling rate. Therefore, the largest
grain size (~ 85.6 um) was achieved in a bead obtained at 180 W average power. Furthermore,
this increase in grain size is due to the increase in heat input per unit length which leads to a
decrease in the cooling rate [26].

Figure 4. Schematic illustartion of microstructural details of a LBW a-Ti-alloy.
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Figure 5. Optical microstructures and magnified images of all weld beads, (a & b) 140 W,
(C&d)150W, (e &) 160 W, (g & h) 170 W, (i & j) 180 W.
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3.3 Micro-hardness Profiles

Microhardness profiles of all the weld beads can be seen in Figure 6. All the specimens exhibited
a gradual increase in hardness from the BA to the FZ. . It has been reported that the increase in
microhardness in FZ of laser-welded Ti-5AI-2.5Sn alloy can be due to the presence of acicular a
and o'-martensite [28]. It has also been reported that the hardness of different phases in the
titanium alloys follow the sequence: o’-martensite > accicular-o > B [29]. Furthermore, the
formation of o'-martensite and acicular-o in the FZ depends on the cooling rate. It has been
reported that titanium alloys need a cooling rate higher than 410°C/s to complete the a’-martensite
transformation in the FZ [27]. The use of a dense laser heat source and the pulsed nature of the
heating process are two main reasons which may help in achieving a cooling rate greater than
410°C/s in P-LBW.

Figure 6. Microhardness profiles of all weld beads.

In the present study, owing to the high proportion of o’-martensite , the maximum microhardness

(~ 432 Hv) was achieved in the weld bead obtained at 140 W. This higher proportion of a'-
martensite can be confirmed by SEM results as can be seen in Figure 7 (b and c). Moreover, the
average grain size (25.6 um) contributed to the increase in microhardness. However, the minimum
microhardness (~ 340 Hv) was achieved in the weld bead deposited at 180 W. It has been reported
that with the increase in heat input, the morphology of o'-martensite changed to the accicular-a
phase due to the slow cooling rate [30]. Thus, the bead obtained at 180 W had less proportion of
a’-martensite and a high proportion of accicular-a. SEM analysis shown in Figure 7 (f and g)
confirmed the low proportion of o'-martensite as compared to platelet-like accicular-a.
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Figure 7. SEM images of specimen at 140 W (a, b, c and d) and 180 W (e, f, g and h). (d) EDS
analysis of joint at 140 W and (h) 180 W.

34 Nanomechanical Characterization

Nanoindentation was performed to ascertain the nanomechanical properties at room temperature
of all the beads. Figure 8(a) shows the micro and nano indents location in the fusion zone of a
bead. Based on Oliver and Pharr method [22], P-h curves of all the beads along with the base alloy
are presented in Figure 8(b). The elastic-plastic loading and pure elastic unloading deformations
occurred as a result of indentation and the variation in the penetration depth can be observed which
is associated with the microstructural/phase changes during the LBW process [31]. From Figure 8
(b), it can be concluded that BA has the highest penetration depth and elastic recovery which is
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~1772 nm and 32.6%, respectively. Moreover, a pop-in was observed in BA which could be
ascribed to the existence of grain boundaries in the indenter's stress field [32]. From the p-h curves,
it can be seen that the bead obtained at 140 W has the least penetration depth which is approx.
1453 nm while the highest penetration among the beads was observed in the bead developed at
180 W, which is ~ 1632 nm. This variation in the penetration depth can be due to the indentation
effect that occurred at the o'-martensite phase and grain boundaries.

Figure 8. (a) Location of nano and micro indents in the FZ (b) P-h curves (c) nanohardness and
elastic modulus of all the weld beads along with BA.

Figure 8(c) presents the nanohardness and elastic moduli of all the weld beads along with the BA.
These properties have also been tabulated and are given in Table 4. It can be noticed that with the
increase in the average power from 140 W to 180 W, the nanohardness and elastic moduli of all
the beads decreased by 35.3 %. The highest hardness (~ 6.55 GPa) was obtained in the bead
produced at 140 W which might be due to the least heat input (~ 28 JJmm) and a high cooling rate,
resulting in the formation of a higher proportion of the a’-martensite phase. Moreover, the small
grain size (~ 25.6 um) also contributed to the increase in hardness.
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Table 4. Nanohardness and elastic moduli variation with average laser power.

sample No Nanohardness Elastic modulus Grain size
' (GPa) (GPa) (um)
BA 4.14 123.1 ~10.2
S-1 6.55 + 0.42 150.5 + 0.98 ~25.6
S-2 5.21+0.12 142.3 + 6.93 ~30.1
S-3 4.81+0.12 131.7 + 0.77 ~64.1
S-4 4.33+0.35 120.2 + 12.48 ~70.6
S-5 4.24 +0.43 126.3 + 1.66 86.5

3.5 Nanoindentation Creep

Figure 9 illustrates the typical load-displacement (P-h) and displacement-time (h-t) curves for all
the weld beads along with BA. It can be observed that all the P-h curves exhibit a similar trend
under load, and indenter displacement rises from ~1560 nm in bead produced at 140 W to ~1940
nm in BA as shown in Figure 9(a).

The resultant creep displacement-time (h-t) as extracted from the constant load (200 mN) and time
(200 sec) plateau of P-h curves for BA and all the beads are presented in Figure 9(b). P-h curves
of BA and all the beads revealed significant load plateaus, in the holding regime. The maximum
creep displacement was achieved from the bead produced at 170 W, while the minimum value was
achieved at 140 W, at a constant load and time of 200 mN and 200 sec, respectively. In Figure
9(b) the increased creep deformation is indicated by wider load plateaus in the holding regime.
The variation in the creep displacement can be attributed to the presence of different proportions
of a’-martensite and accicular-a in the FZ zones of all the beads. In comparison with BA, the bead
obtained at 140 W had the highest nanohardness (6.55 GPa) which can be due to the formation of
a high proportion of o'-martensite and small grain size (~ 25.6 um), resulting in the least creep
displacement which is approx. 38% of the BA. However, the highest creep displacement was
observed at 170 W bead which is ~ 111 % of the BA which can be due to the indentation which
might have taken place at the grain boundaries. While owing to the large grain size (~ 86.5 pm)
and a less proportion of a’-martensite , the bead produced at 180 W has the least nanohardness
resulting in creep displacement which is almost equal to the BA as shown in Figure 9(b).

Figure 9. (a) Load-displacement (p-h) curves and (b) displacement-time (h-t) curves of all the
weld beads along with BA.
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Furthermore, it can also be observed from Figure 9(b) that at the initial stage (primary creep stage)
for each weld bead, the indentation depth increased with the holding time, while in the second
stage (steady/secondary creep), depth increased linearly with holding time. Unlike the
conventional creep, the tertiary creep stage does not occur in indentation creep since the hardness
test is a compression test, and the specimen does not fracture, making it impossible to measure a
third stage of the curve.

The creep strain rates of all the weld beads were measured by using Eg. (2) and are presented in
Figure 10. The creep strain rates were determined after the maximum load, thus the steep decrease
in creep strain rates is observed in all the beads. This decrease in creep strain rates might be
attributed to the strain hardening produced by plastic deformation. A consistent slope was seen
after this region, indicating secondary or steady-state creep, as the creep strain rate steadily
declined. Both the strain hardening and recovery took place at the same time and rate within the
Ti5-Al2.5-Sn alloy, resulting in steady/secondary state creep.

Figure 10. Creep strain rate and time plots of BA and all weld beads.

33 https://ticmet.org --------------



Figure 11(a) illustrates In(creep strain rate)-In(stress) indentation tests for BA and all the weld
beads. In linear fitting, the slope of the linear function is equal to the creep stress exponent. The
creep stress exponent values indicate the creep behaviour of a material in terms of creep resistance
and active creep phenomena as shown in Table 5. Furthermore, creep resistance varies with the
variation in creep stress exponent. Higher values of the creep stress exponent are indicative of
better creep resistance [50].

Table 5. Creep mechanism related to the creep stress exponent.

Sr. # Creep mechanism Creep stress exponent
01 Diffusional creep Greater than 1
02 Grain boundary sliding creep 2-29
03 Dislocation climb creep 3-5

The creep stress exponents of BA and all the weld beads were measured using the same
methodology as given in [33]. The measured stress components of all the weld beads, except that
deposited at 140 W, were less than 2 as shown in Figure 11(b).This was owing to the activation of
the diffusional creep mechanism where the material deforms plastically over time [33]. While the
specimen at 140 W had the creep stress exponent greater than 2 (2.06), suggesting grain boundary
sliding as the creep deformation mechanism [33]. However, better mechanical properties were
obtained at 180 W bead, since the nanohardness and elastic moduli were almost similar as
compared to the BA as shown in Table 4.

Figure 11. (a) In (creep strain rate)-In(stress) curves (b) Creep stress exponent of all the
specimens.

4, Conclusions

The following conclusions were drawn, based on the experimentation:

e The microstructure analysis indicated that with the increase in average power from 140 W to
180 W, width and penetration increased by ~ 19 % and ~ 237 %, respectively. Microhardness
and nano-hardness increased by ~76% and ~58% from the BA to the FZ at 140 W,
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respectively. This is due to the high cooling rate which results in the formation of o'-
martensite. Moreover, owing to low heat input and high cooling rate, the high proportion of
a’-martensite, maximum nano and microhardness was achieved in the bead obtained at
140 W.

e Owing to the slow cooling rate at 180 W, less proportion of o'-martensite and a high
proportion of acicular-a phases were formed. Thus, the bead obtained at 180 W exhibited
superior properties (comparable to BA) in terms of nanohardness, elastic moduli and creep
behaviour.

e Base alloy and other beads on the plate, except 140 W show the diffusional creep mechanism
since the calculated creep stress exponent was less than 2. However, the calculated creep stress
component in the 140 W specimen was higher than 2, indicative of grain boundary sliding as
the creep mechanism.
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Abstract

Recent developments on the single layer of boron atoms that form various crystalline structures,
borophene, provides a remarkably unique anisotropic flexibility and metallicity. Borophene has
been realised on substrates and is creating a new class of synthetic, thin covalently bonded boron
sheet materials. Borophene is a novel quantum material that has many lattice configurations and
each with different characteristics allowing for flexibility. This combines unique mechanical
properties and structural tunability with anisotropic metallicity. Borophene can serve as a
prototype for ongoing efforts to discover and exploit synthetic 2D materials. In this work, we
explored the recent progress and future opportunities for borophene and investigated the
challenges of two-dimensional novel quantum material. Research on borophene with electronic,
mechanical, and photonic properties as an encouraging platform for discovery of several materials
opens the door for innovative experiments and revolutionize the sensors, batteries, several flexible
and transparent electronics, and environmental and energy production applications.

Keywords: Borophene, material science, 2D, boron
1. Introduction

The growths of borophene material have attracted interests in material science and related
industrial applications. The molecular, bulk, or low dimensional structures of boron remains one
of the less studied elements. The boron in different dimensions: 3D (bulk), 2D (borophene), 1D
(nanotube), and 0D (molecule). Boron forms a wide variety of chemical bonds with each other,
making crystalline allotropes for the development of photonics. Boron is the fifth chemical element
of the periodic table, which has valence orbitals like that of carbon and is the only group 13 (i.e.,
3A) element with semiconducting properties [1]. The next-generation two-dimensional (2D)
layered materials were investigated to provide a novel, scientifically interesting wide range of
applications. A different 2D materials have been theoretically predicted and synthesized and new
era have brought towards the next generation devices [2]. The material field has made great
improvements in 2D materials, due to its ability to form spheres, tubes, sheets, and a variety of
unusual shapes. The 2D borons - monoatomic (monatomic) sheet of boron - known as borophenes
were investigated to tune the material’s properties such as strain and doping. The borophene was
first synthesized on Ag substrates in late 2015 with different properties and striped pattern
compering to other 2D materials [3-5]. The properties (electronic, optical, and mechanical) of 2D
materials are investigated for nanoscale devices, energy storage, sensing, electrodes for
rechargeable batteries and photo-catalysis applications for hydrogen storage applications. The
properties (stronger, flexible, conductive (electrical and heat), and superconductive) depending on
the material’s orientation and vacancies have led to superior electronic, mechanical, and magnetic
applications. The first promising materials for electronic devices in the form of single atomic layers

38 https://ticmet.org --------------



represented by graphene (carbon based) and the other is borophene (boron-based) with their
physical and chemical properties [6].

In this study, we were focus on the borophene, and briefly summarize the possible applications in
materials.

2. Materials and Methods

The low-dimensional structure of boron, borophene, synthesized in different structures with
different properties. In Table 1, some borophene studies both theoretically predicted and
synthetised experimentally are collected for potential applications as

Table 1. The studies based on borophene

Author Study Reference
Zhou et al. Dirac cone structure [7]
Mannix et al. Anisotropic and has high conductivity property [4]
Xu et al. Field emission and fast response properties [8]
Penev et al. and Zhao et Superconductor property [9], [10]
al.
Mortazavi et al. Borophene in lithium storage by molecular dynamics [11]
method
Zhang et al. Infrared plasma sensor property [12]
Feng et al. Dirac fermions with quantum effects [13]
Wang et al. Hydrogen storage performance [14]
Chen et al. P doped borophene [15]
Tu et al. Li doped borophene [16]
Thanh et al. Charge doping effects [17]
Zhang et al. Electronic and magnetic properties of borophene [18]

The properties of borophene have expanded with its rich structure. B,,,,», borophene, « borophene
and p,, borophene were predicted for different properties with different characteristics such as
Dirac cones, isotropic, anisotropic, respectively. The low dimensional boron have the larger
surface area, linear band structures, enhanced quantum confinement effect of monoatomic layered
2D nanosheets [19]. Different configurations of reconstructed, buckled, icosahedral and few low-
symmetry hybrid borophene structures were studied by researchers.

The borophene research began through theoretical simulations [20] for various new materials and
a best example for the material genome project [21]. This method can improve the synthesis
efficiency, minimize the cost, and increase the research material design production rate.

3. Results and Discussion

Experimental studies were very limited but the examination of different structure of boron was
started using new computer simulations. The scientific research groups have proved the novel
structures of boron and the developed mechanical properties. The borophene has a potential
material for applications in various fields. The metallic features are useful for the sensing of
various small molecules and gases. Researchers were started to show sensor properties of
borophene for detection of several molecules and their atoms. The features of borophene with its
capabilities play significant role in novel photonic and optoelectronic devices.
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4. Conclusions

The single-atom layer of boron, stronger and more flexible than graphene, could change the
industries with sensors, batteries and applications in material sciences and chemistry. The research
on borophene has grown fast in the fields of physics, chemistry, material science, and
nanotechnology. Finally, the challenges and outlooks in different field are presented with its
current development.
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Abstract

The multidisciplinary field of quantum computing and related next-generation technology has the
potential to advance industry applications and our daily life. Recent advances and opportunities in
material sciences with quantum computing include novel issues in synthesis, fabrication, material
characterization, and simulation. Quantum computing were using the quantum bits and properties
of subatomic particles. The superposition, entanglement, and interference to extend the
computational capabilities are the examples of these quantum properties. In this study, we were
investigated and highlighted the potential impact of quantum computations on certain roles of
material science for the future of a growing industrial sector. The application of quantum
computers provided exponential performance benefits in processing and simulating the quantum
systems within many ranges with ease. The simulations of material systems with the state of a
many particle molecules at the thermodynamic limit involving lots of degrees of freedom. The
properties and simulations of these materials were described by using quantum mechanics that are
sped up by a quantum computer. Some quantum problems in material sciences were solved by
using a wide range of quantum algorithms. There are many different ideas and components to test
a slew of proposals in real quantum computational platforms for solving the open problems. The
quantum hardware and computational methods have been actively researching and is set to
continue to develop in the future, and the new computational subjects are used to the study of
material sciences.

Keyword: Quantum computing, material science, qubit

1. Introduction

A computer is described as a universal computational device to process information by executing
algorithms and simulate physical systems. Quantum computers are quantum systems which can
be initialized, appropriately controlled, and measured, in order to perform a computational task
[1]. The quantum computing is still novel subject. Recent development of quantum computers,
introduced by Richard Feynman in the 80’s [2-4], open door for practical application of quantum
algorithms.  The quantum computers were used a fundamentally different instructions set
comparing to the classical computers [5]. The quantum computer could theoretically store and
process a lot more information than a conventional computer. The quantum-mechanical
phenomena like superposition, nonlocality, entanglement, interference, and other quantum
mechanical effects are used in quantum computers to perform computation solving problems. The
quantum systems were simulated on classical computers and some complex approximation
methods have been developed. They could run different algorithms that use quantum effects. The
guantum computers promise to competently produce accurate results for many important problems
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in material science by manipulating the quantum states. The initial algorithms and computers were
changing the computational models. Quantum computers perform high speed computations for
solving problems in different fields to develop new applications in near future [3, 6, 7]. The
quantum computing and used quantum algorithms and applications in different areas for improving
computational tasks were provided the exponential performance benefits in processing, the speed
up the solution of optimization problems, energy distribution and optimization, quantum
cryptography, cybersecurity, drug discovery and simulation of elements in real-life [8-10]. The
synthesis, characterization, and modelling of materials have many exciting improvements in recent
years and will become increasingly significant. The reasons for this increase directly related to the
funding for quantum technologies that is increasing rapidly all over the world from both
government and corporate sources. The quantum computing methods were used in investigation
of nanoparticles, material/molecule innovation, design of new material/molecule, drug discovery,
pattern recognition, and classification. The relevant use in different disciplines were opening new
windows, and results discoveries. The potential of quantum computing presents a considerable
challenge in the performance and motivated the researchers for research and development in
different industries.

The quantum computing was changed the way and algorithms, the implementation and controlling
the applications in comparison to the traditional programming methods and models. The scientists
require a different technique to predict and solve today’s complex problems. These outcomes are
based on different frameworks, algorithms, computational platforms, and new tools. The working
quantum computers with several tens of qubits are implemented the developed quantum algorithms
[11-13]. Quantum computers consist of qubits (quantum bits) and related quantum properties of
subatomic particles. These devices have some restrictions such as the number of logic gate
operations and the number of qubits [14]. The main part of quantum computer is the set of quantum
logic gates to specify the prepared quantum algorithm. These algorithms involve the rotation of
these qubits on a Bloch sphere and the entanglement of qubits. Quantum algorithms need to be
executed on the computers to simulate and develop conventionally unmodelled complex material
systems. Efficient numerical characterization is a key problem in analysis of materials. The
characterisation and simulation of complex materials and composites were difficult task.
Especially, development of programming interfaces and quantum calculation platforms resulted
in the development of various applied quantum algorithms for real world problems. The quantum
algorithms were solved problems and developed applications in fields such as material science,
quantum chemistry and quantum machine learning. More complicated, multi-qubit systems were
started to operate, and the materials science continue to emerge new research challenges and
opportunities.

In this study, we were investigated the current state of materials science progress and obstacles for
quantum computing platforms. These algorithms, systems and quantum computers were required
more development to live up to this potential. The realization of the potential of quantum
computers will require a multidisciplinary effort. We were not cover the topics of building
quantum computer theoretically or practically, and quantum error-correction and others. Finally,
we investigate recent challenges, their affects, and future study trends in realizing quantum
computing systems in material science.

2. Materials and Methods
The basic algorithms were constructed to store information in bits, which take superposition of

zeroes and ones. The quantum system is coded in a well-defined quantum state system can take
quantized values of the qubit into the |0> (ground) state or the qubit is in the |1> (excited) state,
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and any complex superposition of these two states. The quantum bits are interconnected through
guantum entanglement and have nonlinear structures. The measurement of the final state of a qubit
determines the results.

Figure 1. State of a qubit on the Bloch sphere.

The state of a photon ‘0’ is given by the vector ((1)) and of ‘1’ by the Vector((l)). In classically,

the photon will be in state |[0> or |1>. The traditional bit can be described either O or 1. The
computation model were designed on the principles of quantum mechanics. According to the
guantum mechanics, the superposition of states was described mathematically by a vector as

o) = apl0 > +a4|1 >= « (é)+a1 ((1)) 1)

The measurement of the photon state will be [0> state with probability |a,|?, and in |1> with probability
la1|%. The 1y = |ap| and r; = |4 is given in the equation as rye’?o and rye'?1, respectively. The north
and south poles on the Bloch sphere of states |0 > and |1 > with spherical angles are (6, ¢) =
(0,0) and (8,¢) = (m,0). Since the photon in exactly one state as

|laol? +Hlay|? =1 )

The probability of state was calculated by multiplying the equation by its ‘state vector’. The probability
of the state |0> is ¥ and the state |1> is ¥ . The photon after first operation then its state remains by the

matrix
5[ ®

where i denotes V- 1. These quantum principles of superposition and entanglement were used for
complex algorithms and protocols for computing and provide for an enormous increase in
computational capacity and possibility of new and quick way of solving computational problems.
The effective solution and computability were required to describe, characterize, and model each
problem/system for qubit system. The development of the algorithms of are based on these studies
and computing models on the ‘quantum scale’ of individual atoms, electrons, and photons [15].
The solutions of problems and systems were resulted by the qubit operations. The coefficients are
estimated with an algorithm mixing universal network of quantum gates. The set of different gates
were used to construct a gate network, called as circuit, in terms of vectors and matrices.
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Figure 2. A circuit of depth 4, space (width) 4, and having a total of 7 gates.

A quantum circuit is a graphic representation of a quantum algorithm. The input from the left,
were processed the information, and the right exits the results and continues its course. The gate
processing is done by multiplying the unitary matrix. The gates were given in the form as

Figure 3. The components of a quantum circuit.
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Figure 4. Examples of quantum gate operations and circuit elements.

3. Results and Discussion

The exponential complexity of quantum systems resulted the complex, and advantageous quantum
algorithms for generating useful results. The scalable, fault-tolerant quantum algorithms have been
developed in the last decade for solving and simulating the quantum systems, number theoretic
problems, integer factorization, and certain types of search problems. The potential of quantum
principles and new algorithm have been studied extensively and multidisciplinary.
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Table 1. The chronological steps on study.

Deutsch,1985 One-bit Boolean function at two points Quantum parallelism
simultaneously by exploiting the
superposition of zeroes and ones

Deutsch, 1989 on quantum circuits Quantum gates

Deutsch and Jozsa, 1993  Quantum algorithm Properties of Boolean
function

Bernstein and Vazirani, The algorithm used in the set Specific Boolean function

1993

Simon, 1994 New quantum algorithm Quantum algorithms

Peter Shor Quantum algorithms Factoring large numbers and
computing discrete logarithms
[7]

Grover, 1996 Quantum algorithm for finding the Quantum search algorithms

unique inputs to a given function [16]

The algorithm for quantum factoring, finding hidden structure, and quantum phase estimation is
the quantum Fourier transform (QFT). The classical Fourier transform turns a signal represented
as a function of time into its corresponding signal represented as a function of frequency. The
method is based on analysing the tomography image to simulate the material on the microscopic
scale and involves 3D Fourier transforms of large data domain. This results a longer computation
time due to Fourier transform complexity and need large memory. This transformation is reversible
via the inverse Fourier transform for any operation on a quantum computer.

The simulations of materials were best described using quantum mechanics. These famous
quantum algorithms were simulated a system with many quantum degrees of freedom, with
applications including problems in chemistry, materials science, and physics. The simulations used
to determine the structure of a substance, or the results of interacting particles. The solutions have
been used for different applications for developing new industrial materials. The Hamiltonian
(energy operator) describing all elements and interactions of the system were used in simulations.
The quantum phase estimation was a stage in many quantum algorithms and enables measurements
of the ground and excited energy levels. The physical system

[We) = e[ Po) (4)
where H is the Hamiltonian of the system, |s,) is the initial state and t is time. The material
simulations were prepared by solving Hamiltonian on a quantum computer [17]. Hamiltonian
simulation is used or solving complex correlated material problems that have many applications
[18, 19]. The kinetics of chemical reactions for chemical processes were also calculated and proved
by these calculations. The quantum computer was used to simulate experiments on quantum
systems in thermal equilibrium. The minimally entangled typical thermal state (METTS) algorithm
implemented via the quantum imaginary time evolution algorithm [20].
The quantum eigenvalue problems were solved by using the variational quantum eigen solver
(VQE) [21, 22]. The Variational Quantum Eigensolver is the foundation algorithm that could
simulate molecules and chemical reactions. A related approach is the quantum approximate
optimization algorithm (QAOA) [23, 24], an algorithm for preparing a variational guess of a wave
function that satisfies an optimization problem that has the similar procedure with VQE algorithm.
The quantum unconstrained binary optimization and Ising problems effectively solved on quantum
computers. The algorithms were built for traveling salesman, scheduling problems, optimal
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placement problems, graph colouring problems, and even game optimization. Some other quantum
algorithms are related to the machine learning. The classical computers were process and analyse
the data to find and classify data patterns by using machine learning. A new field has emerged
showing a new possibility of finding patterns using quantum computers or algorithms. The
guantum machine learning has been developing guantum versions of known classical machine
learning algorithms. Research is going into finding the quantum versions of k-nearest neighbour
methods, support vector machines, and other classical ML algorithms. As a disadvantage of error
correction in quantum computers have looked for new approaches. A solution for this problem is
to use quantum/classical hybrid algorithms for the simulation of many-body systems such as
molecules and materials [25] and optimization [26, 27].

We have described a some of quantum algorithms with remarkable contributions that were used
in quantum computers. These algorithms were high impact on applications and used in quantum
chemistry (applied in pharmaceutics), and materials science [28, 29]. These applications were
extend to quantum computing applications of fertilizer production, polymerization catalysis and
clean energy processes applications [30].

4. Conclusions

In this study, we surveyed the quantum computation and the used quantum algorithms for materials
science. The solutions and quantum algorithms for physical simulation were developing fast and
rapidly. Quantum computers are able change our world with creating more accurate simulations.
There are many open source ideas, components and algorithms were shared to solve these
problems. The quantum computers and algorithms were developing by the help of theory of
physics, chemistry, and material science. The material simulations were prepared using quantum
computers accurately. A quantum computer was required perfect, and long coherence times qubits
to perform complex material simulations. Many scientists and researchers from all over the world
were investigating to quantum computing technology. The quantum technologies were an
interesting field with a potential to open new window in material science. The quantum computers
can be said to be emerging stars in calculating tools that enable the “quantum jump” current stage
of material science. The quantum computers and algorithms were continued to develop, and we
focus on the new developments in quantum algorithms. The beginning of new computational
disciplines dedicated to the study of chemistry, materials, and physics on quantum computers.
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Abstract

Asynchronous motors are the most widely used machines in the industry. In the study, a single-
phase asynchronous motor with main winding and auxiliary winding was rotated by a drive motor.
By connecting the capacitor to the main winding ends, it is provided to operate as a one-phase
alternator. The synchronous speed of a single-phase asynchronous motor is 1500 rpm at 50Hz
mains frequency. First, a single-phase asynchronous motor was rotated by a three-phase
asynchronous machine with a synchronous speed of 1500 rpm, and various capacitance values
were connected to the main winding ends. At values below 124 pF, the received voltage is 6.75
V. At capacitance values of 124 pF and above, the output voltage increases, above 206 pF it
decreases, and the asynchronous motor working as an alternator is loaded. In this case, the
frequency decreases as the current drawn from the grid increases and the machine speed decreases.

Keywords: Asynchronous motor, Asynchronous generator, Synchronous Machine, frequency,
remenance voltage

1. Introduction

Due to the developments and needs in technology, the need for energy is increasing day by day.
However, with the limited reserves in energy resources such as oil and coal, the tendency for
renewable energy sources such as wind, solar, and geothermal is increasing day by day. The
electrical energy obtained from renewable energy sources varies according to factors such as
ambient speed, temperature, light, and pressure [1]. When this situation is evaluated by considering
synchronous and asynchronous machines, the ability of asynchronous machines to convert power
at different speeds has made them more prominent [2].

Recently, asynchronous generators have been widely used in the power generation sector,
especially in wind turbines. In the operation of an asynchronous machine as a generator, the
mechanical power taken from the rotor is evaluated and this mechanical power taken from the
input is converted into electrical energy [3-4].

The current through the motor windings creates a rotating magnetic field on the rotor. The flux
interaction between the rotor and stator windings causes torque. If we rotate the rotor at a speed
higher than the synchronous speed, the direction of the current and torque induced in the rotor will
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be opposite to the motor running condition. In this case, the machine works as a generator, and for
the machine to work as a generator it must be rotated at a speed higher than the synchronous speed.

2. Material and Method

The equivalent circuit of a self-excited induction generator is shown in Figure 1 with the excitation
capacitor and the load impedance. R1 is stator resistance, X1 is stator leakage reactance, R2 is
rotor resistance, X2 is rotor reactance, Rc is core loss resistance, Xm is asynchronous generator
magnetization reactance. The asynchronous generator speed is expressed as v and its frequency F.

Re

F X
I
Ry
XL

Figure 1. Equivalent circuit of a single-phase asynchronous generator

2.1. Experimental Setup

In the experimental setup, the 3-phase asynchronous motor and the universal motor are coupled.
The incandescent lamp is used as ohmic load, the coil is used as inductive load, and capacitors are
used as capacitive load. The experimental setup is shown in Figure 2.

Fig. 2. Experimental Setup

The connection diagram of the experimental setup is shown in Figure 3. VVoltmeter, amper-meter
and frequency-meter were used as measuring instruments.
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Figure 3. Connection of the system

When an asynchronous motor with a synchronous speed of n=1500 rpm is rotated by another motor
with the same speed, the variation of the voltage taken from the main winding ends according to
the capacitance values is seen in figure 4. However, it is seen that the voltage at the ends of the
main winding remains at a very small value due to the residual magnetism. After the capacitance
value exceeds 124 pF, the generated voltage increases depending on the capacitance value.
However, after 182 uF, the generated voltage decreases, and both the single-phase asynchronous
motor working as an alternator and the drive machine are forced and the current drawn from the
network increases.

1 2 3 4 5 & 7

=]
[¥=]
(=]

ClwF) ugv)
Figure 4. Voltage taken from the main winding ends according to the capacitor value (n=1500
rpm)

A one-phase asynchronous motor was rotated by another three-phase motor with a synchronous
speed of 3000rpm, and capacitors of various capacities were connected to the ends of the main
winding. A voltage of 12 V was taken below 28 puF. At 36 pF, the output voltage was 223 V. Then,
the capacitance value was increased up to 52 yF, and it was observed that the generated voltage
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increased to 249 V as the capacitance value increased. However, as the capacity value continued
to be increased, the output voltage started to decrease this time, and it was observed that the three-
phase motor rotating the one-phase asynchronous motor working as a generator was forced, and
the current drawn from the grid increased, and the frequency of the generated voltage decreased.

After a certain value of the capacitance, the generated voltage decreases. When an asynchronous
motor with a synchronous speed of n=3000 rpm is rotated by another motor with the same speed,
the variation of the voltage taken from the main winding ends according to the capacitance values
Is seen in Figure 5. It is seen that the voltage at the ends of the main winding increases according
to a certain capacitance value.

250
200
150
100

50

1 2 3 - 5 6 7 B 5 10 11 12 13 14 15 16
CipF) L {V)
Figure 5. Voltage taken from the main winding ends according to the capacitor value
(n=3000 rpm)

When a phase motor working as an alternator exceeds a certain capacity value, the current drawn
by the capacitors increases, the load of the asynchronous motor working as a single phase
alternator increases, and thus the drive machine is forced to increase the current drawn by this
machine from the mains, and the frequency decreases as the number of speed decreases. The
variation of the current drawn by the motor that rotates the asynchronous motor according to the
capacity is shown in Table 1.

Table 1. Current values drawn by the drive motor

CWh) | UMV | fHD) | 1(A)
54 237 46 0.8
70 231 43 1.1
78 222 42 1.3
86 214 40 1.45
94 202 38 1.6
98 195 37 17

It has been observed that as the ohmic load at the single-phase asynchronous generator ends
increases, the output voltage decreases, the frequency decreases slightly, and naturally the current
drawn by the drive motor from the grid increases. The decrease in the voltage at the load ends was
compensated by increasing the capacitance value. That is, when the capacitance value increases,
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the decrease in the output voltage can be compensated, and the capacitance value increases when
the load is loaded. Ohmic and inductive loads are connected to the single-phase asynchronous
generator terminals.

Table Il shows the variation of the voltage produced, the current drawn by the driving machine,
and the frequency when various values of ohmic and inductive loads are connected to the output
of one phase motor operating as an alternator.

Table 2. Variation of electrical parameters for ohmic load

Current Single phase | Excitation Alternator | Frequency of

drawn from | alternator capacity (uF) | load current | the generated

the grid by output (A) voltage (Hz) | Type of load
the driving voltage (V)

machine (A)

0.6 229 38 0 49 No load
0.66 215 38 0.38 48 Ohmic
0.72 198 38 0.57 47 Ohmic
0.75 170 38 0.9 47 Ohmic
0.75 229 46 0.3 47 Ohmic
0.85 216 46 0.61 47 Ohmic
0.92 197 46 0.87 46 Ohmic

Table 111 shows the variation of the voltage produced, the current drawn by the driving machine,
and the frequency when various values of inductive load has been connected to the output of one
phase motor operating as an alternator.

Table 3. Variation of electrical parameters for inductive load

Current Single phase | Excitation Alternator

drawn from | alternator capacity (UF) | load current

the grid by | output (A) Type of load
the driving | voltage (V)

machine (A)

0.6 229 38 0 no load

0.6 213 38 0.22 inductive
0.58 190 38 0.4 inductive
0.68 222 46 0.45 inductive

3. Conclusion

This study aims to understand better the working of single-phase asynchronous motors as
generators. When an induction motor with a synchronous speed of 1500 rpm is rotated by another
motor with a synchronous speed of 1500 rpm, although various capacities are connected to the
output of the main winding, the voltage taken from the output of the main winding could no longer
exceed the voltage caused by the magnet. One-phase asynchronous motor is rotated with another
asynchronous motor with a synchronous speed of 3000rpm, it has been observed that the voltage
produced increases as the capacity increases, up to a certain capacity value. However, if the
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capacity value is continued to be increased, the voltage produced (taken from the ends of the main
winding) decreases, and at the same time the driving machine is forced, and the frequency of the
generated voltage decreases.

When Ohmic and inductive load is connected to the main winding output of a single-phase
asynchronous motor, it has been observed that the voltage decreases compared to the no-load
situation. It has been understood that the capacity should be increased to compensate for this
decrease and, the capacity value should be increased with each load increase. The decrease in
voltage at the output of the main winding in ohmic and inductive loads is approximately close to
each other for the same current values.
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Abstract

The PVC industry is an economical and versatile thermoplastic polymer widely used in the
building and construction industry to produce door and window profiles, pipes, cable insulation,
and medical devices. In light of the rapid development in our world where most industries have
been automated, the profile packaging department is still manual in most factories, and every
PVC production line needs at least two workers to wrap the PVC profiles. In some applications,
the weight of the profiles is too great and it is difficult to wrap them and then transport them, with
the possibility of injury to the workers responsible for the packaging. That’s led to an increase in
cost in both money and time. The purpose of this study is to design and manufacture PVC
packaging machines that can automate packaging to reduce the manpower required in the PVC
profile packaging department. The packaging process consists of four basic stages, starting with
the process of arranging the profiles transferring them to the waiting stage, and then wrapping,
ending with placing the envelope in the designated place.

Keywords: PVC Profile, Packaging Machines, Automation, Wrapping Machine, Packaging
Machine Design

1. Introduction

Polyvinyl chloride (PVC) [1] is the world's third-most widely produced synthetic polymer of
plastic (after polyethylene and polypropylene) [2], About 40 million tons of PVC are produced
each year, in most factories, the PVC production line works automatically without any
interference. After PVC profiles are produced. The packaging process is considered to be one of
the most important processes, many clients need their PVVC profiles to be shipped internationally
because PVC profiles need to be packed very well for several reasons, including protecting them
from weather corrosion, damage, accumulation, dust, and scratches. The packaging [3] process of
PVC products is done in various methods, one of the methods is manual, Manual packaging
requires two workers, firstly, they put a long piece of plastic which is usually 1.5 meters longer
than the profile in each end on a stacking table, and then the workers place the PVVC profiles on
the plastic piece and arrange the profiles, and finally the plastic piece is folded over the profiles
and then the adhesive tape is applied, in this method, the packaging is very difficult and requires
physical strength, not to mention the possible injuries during carrying the profiles. Also, the
workers wait for a long time estimated at 12 minutes for each packaging, the worker can make a
mistake in calculating the number of profiles in each packaging, PVC production line works under
continuous conditions, so this can be challenging to follow up each production line for big
factories, so this method led to an increase in cost in both money and time [4-5].
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Another method is using a semi-automatic machine, also in this method workers are required to
carry the profiles from the production line to the stacking table and arrange the profiles in an
orderly manner so as not to take up space, and then the packaging process is done by one of the
two machines, which are either wrapping machine [6] or flow pack machine [7], in both cases, the
workers must be present to put the wrapped profiles in another place for the new packaging, In
addition, the flow pack machine method needs heat shrink [8] machine to reduce the size of the
plastic bag after the packaging process is done, which makes the production process of the plastic
profile not fully automated, this negatively affects the quality, speed, and cost of the production
process. The importance of this study is coming from several sides such as; controlling the length
of the production-line layout, automated packaging means reducing the number of workers needed
in the factory, and the worker’s efficiency will be increased due to focusing on other sensitive
tasks during the process such as monitoring, reducing the number of workers leads to cost reduced
which means more competitive in the market place, and the time of production will be reduced.
PVC Packaging prototype machine parts were designed and assembled by using CAD programs
which is SOLIDWORKS, simulations will be done in the future for structure and effectiveness
analysis, and finally, the prototype will be done in reality so it can be tested preparing it for the
mass production that makes it possible to place the final product to the market.

2. The Designing of PVC Packaging Machine

The machine was designed and assembled using SOLIDWORKS 2022 and the material that the
machine will be made from is mostly made of iron ST36 with sheet metal technology where a laser
machine is cutting the sheets of metal to the required shapes then the bending process takes place
to bend the parts preparing them to the assembly. Other parts will be made using a turning machine,
weldment cut, and CNC machine. The machine’s main parts and final assembly were designed by
CAD program and are explained in detail in the following section. These parts will be assembled
using different techniques such as; welding, screwing, and fitting. The method used in this study
will be both computational and experimental methods by applying many suitable simulations to
avoid the possible mistakes that can be shown up when making the prototype. The machine is
consisting of 3 main assemblies which contain nearly 105 unique parts assembled as shown in
figure 1;

Figure 1. Automatic PVC Packaging Machine
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2.1 The Rotator

After the PVC is cut with the required meters the PVC Cutting machine sends a single to the PVC
packaging system, the machine will slide the PVVC profile to the left to a certain distance by electric
motor and sprocket with a chain and plastic piece (soldiers) as shown in figure 2 where the rotators
can hold the profile.

Figure 2. Moving Left Motion

The soldiers have a very unique motion they slide the profiles once the soldier reach the sprocket
the solider moves downward to leave the profile gently so that the profile does not get pulled down
and crash. The rotators (as shown in figure 4) are on the sides of the machine symmetrically and
they consist of a pneumatic piston [9] and color detection sensor are equipped on the top of them,
once the sensor detected the PVC profile passing throw, the pneumatic piston will hold the profile
while it is rotating, both rotators have the same motion since they are equipped on the same electric
motor. The PLC will decide if it will rotate the PVC profile or not and the angle required for the
part to be rotated. For example, when the “L” shape of the PVC profile is produced the best fit
arrangement can be as shown in figure 3.

Figure 3. "L" shape Profiles are fits in each other
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Figure 4. The Rotator at (180°)

2.2 The Lifter

In this stage, three PVC profiles in a row are arranged and waiting to be transformed to the next
stage of the packaging process. There are two lifters on both sides left and right, the lifters’ function
is to lift the three profiles upward by an electric motor and then to move forward by another electric
motor to the stacking table, the function upward for the left & right sides of the machine are on
the same electric motor as well as the moving forward function so that neither side lags behind the
other side, this process will be performed two times so the total number of PVC profiles is six, in
our case the total number of PVC profile will be four. The lifter assembly is as shown in figure 5;

Figure 5. The Lifter
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2.3 The Stacking Table

The stacking table has very important functions, firstly it will wait until the PVC profiles are
assembled on it, then the pneumatic pistons will apply pressure to the PVC profiles in three
directions, left, right and above so it is set tight, and the electric motor will rotate in the reverse
direction so the profiles will hit the starting point, the electric motor will rotate at a certain speed
in the direction of the wrapping machine with a constant speed, the pressure applied on the profiles
will stable the profiles while the wrapping machine warps the PVVC profiles together, therefore the
wrapping machine will have higher speed working.

Figure 6. The Stacking Table

2.4 Wrapping Machine

The final process in this prototype is the wrapping machine [10], it has a big roll on the end of the
coil [11] as shown in figure 7, the electric motor is equipped on the machine to rotate the coil, and
while the PVC profiles are moving forward a color sensor [12] will detect the profiles, the coil will
start to rotate at a constant speed, the profiles will be wrapped tightly, by changing the speed of
the wrapping machine the thickness of the wrap will be changed after the profiles are packed a
piston will cut the stretch so the packed profiles free from the starch.
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Figure 7. Wrapping Machine.

3. The Benefits of PVC Packaging Machine

Rising demand of PVC profiles is a sign that PVVC industry business is doing something right.
More orders mean that you have satisfied customers and can look forward to making more profit.
However, as any production manager will attest to, rising demand can bring its own problems if
your company does not have the capacity to cope. Extra labor costs, staff shortages, missed
deadlines, and quality problems if you sacrifice accuracy for speed can lead to less profit.
Automation can help you scale up production quickly, especially if you anticipate growth. In the
PVC Profile business, two workers (or more) for each production line can be expensive, especially
when you factor in the payroll tax, holiday pay, sick pay, training, and superannuation. Packaging
machines can pay for themselves because machines need only a few operators. Also, repetitive
jobs can be mentally tiring and lead to repetitive strain injuries and accidents simply because
people lose their focus. Apart from the moral issues, this can result in time off work, paying sick
wages, and compensation if a tribunal finds a company negligent. Automation removes workers
from repetitive tasks and reduces the amount of heavy lifting, increasing productivity while
reducing injury and accidents. The PVC packaging machine can be a solution to the space problem
in factories, simply one packaging machine can work for more than one production line because
of the nature of the PVVC extruder's work.

The machine has three separate assemblies as shown in figure 8, and each has many functions,
which shortage the number of weldments cut profiles, the space needed, the ease to move it, and
the cost of machines.
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Figure 8. PVC Packaging Machines Assemblies

For instant, the first assembly has four functions, firstly the machine waits the PVVC profile to reach
the required length, secondly slide the profiles toward the stacking table, thirdly, while the machine
in the first function it rotates the profiles to fit with the best nesting shape, finally moving the row
of PVC profile to the stacking table. These functions are compatible and linked with each other so
that each of them is accomplished in accordance with the other functions. Basically, the PVC
profile will be produced at a constant speed which is nearly 3 m/min, once the PVC profile reaches
the first assembly table than it is cut to the required length then the cutting machine sends a single
to the packaging machine PLC system, soldiers will move to the left side forcing the profile to
slide, the rotator will detect the profile while it sliding, the soldiers will stop immediately, the
system will decide the best nesting shape to be packed with, the rotator gets in action and rotates
the profile to the required angle in most cases it is (0°,90°,180°), in this stage, the next profiles are
coming continuously, the system will wait until it gets another single from the cutting machine
and the machine will repeat the procedure we mentioned before, normally the profiles are packed
as 6 profiles 2 columns and 3 in a row, to get that shape the machine will left the first 3 profiles in
raw to the stacking table than it will left the second 3 profiles in row above the first 3 profiles.
Substantially, timing is key and the PVC packaging machine gets the benefit of the continuous
production speed which is relatively slow. There is one disadvantage of the rotator, which is the
length of the PVC profile, the rotator can work only with a certain length of the profile, a longer
PVC profile length will cause the machine to stop working, and a shorter PVC profile length the
machine can work but it loses the benefit of the rotator. Fortunately, the global standard profile
length is 6 meters and it can't be longer than 6 meters because it doesn't fit in the container while
shipping, and less than 6 meters is rarely needed.
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Moving to the second assembly which is the stacking table, the benefits of the stacking table are:
firstly, re-line the profiles so that they are all on the same starting line then applying a certain
pressure to the PVC profiles so they are tight grip with minimal space, thirdly moving the profiles
forward at a constant speed, and finally holding the profiles for the wrapping machine while the
profiles are moving forward. All these functions are together in the same assembly, other
companies are performing those tasks manually or by two assemblies which led to losing space
and time and more importantly in cost, simply buying one machine with too many functions is
cheaper than too many machines with the same number of functions.

Lastly, the third assembly of this study is the wrapping machine, which is the most important part
of the PVC packaging machine, the electric motor is equipped with an inverter which means the
speed of the rotation can be changed, according to the stretch properties and the number of the
PVC profiles the manager can change the speed of the machine so the stretch layers can be
changed, increasing the speed increases the stretch layers and decreasing the speed decrease the
layers. One of the advantages of using a wrapping machine is that it can stretch wrapping film
much further than a human can, wrapping machines can stretch film by up to 300%, depending on
the settings, while manually stretching typically only yields a 50% stretch, having the ability to
stretch wrapping film six times more will provide significant savings to the materials expenditure.
Not only that, but machine wrapping will eliminate the inconsistencies of manual wrappings so
you will know exactly how many profiles you can wrap with a roll of film, allowing you to plan
your ordering more effectively. Also, it will ensure that the PVC profiles are securely wrapped to
avoid any potential damage from dirt, dust, or moisture.

4. Conclusion

In this article, we designed a PVVC packaging machine that will rearrange the product so it can be
fitted with the best nesting shape while sliding to the packaging spot so it will minimize the volume
of the final packages, which means this machine offers a new space solution inside the inventories
of the factory, the final products that were packaged automatically will be safer, tighter, and more
manageable while carrying and transporting during the supply chain from the factory to the place
of construction, the machine will be tested computationally and experimentally to save work effort,
cost, and time during the packaging and handling, the machine is designed to be suitable for
continuous and mass production type, because the PVC extruder works under continuous
conditions, the problem of having many workers in the PVC packaging process will be solved by
designing a new and unique machine to package the PVC product 100% automatically, there
should be another stacking table after the wrapping machine to pull out the packed PVC profiles
and transporting them. Furthermore, there will be in the future a new design to pack the standard
PVC profile length which is 6 meters based on the prototype design.
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OZET

Sikloid dislilerin geleneksel dislilere kiyasla yiizey basinci agisindan daha biiytik bir kuvvet tasima
potansiyeline sahip oldugu gerceklestirilen literatiir calismalari ile ispatlanabilen bir gergektir.
Ancak c¢ok hassas imalat gerektiren bu pargalarin kullanimi, gerekli tolerans hassasiyetlerinin
karsilanamamasindan dolayi, yeterince yayginlasamamistir. Metal bazli sikloid dislilerden ziyade
polimer bazli malzemelerden imal edilen sikloid dislilerde bu tolerans hassasiyetlerinin daha rahat
saglanabildigi, imalat adimlarinin ve bu sayede maliyetin azaltilabilecegi dikkat cekmektedir. Bu
bilgiler 1s181nda, bu ¢alismada klasik bir sikloid dislinin farkli polimer temelli malzemelerde ve
farkli kuvvet degerleri altinda hangi davranislar1 sergileyecegi incelenmistir. Sikloid disli
modelleme parametrelerine sadik kalinarak klasik bir sikloid dislinin {i¢ boyutlu modellemesi
gergeklestirilmistir. Olusturulan bu model araciligr ile sikloid dislinin malzeme 6zellikleri
degistirilerek farkli devir/dakika'lardaki stres, gerinim ve yer degistirme degerlerinin analizi sonlu
elemanlar metodu temel alinarak gergeklestirilmistir. Analiz malzemeleri olarak geleneksel disli
imalatinda da sik¢a kullanilan polimer tiirleri olan Delrin ve Nylon belirlenmistir, segilen bu
malzemelere literatiir calismalar1 dogrultusunda karar verilmistir. Modellenen sikloid disli
boyutlarina uygun ve gergekei bir kuvvet yiiklemesi yapabilmesi amaci ile, 12 V motorlarin da
caligma araliginda bulunan, 100, 200, 350 rpm hizlar1 sonlu elemanlar analizi i¢in uygun
goriilmiistiir. Calismanin sonunda her bir sistem elemani i¢in ayr1 ayr1 kuvvet dagilimlarina yer
verilmis olup elde edilen bu sonuglarin yorumlanmasi bir biitiin olarak gergeklestirilmistir. Sonlu
elemanlar analizinden elde edilen veriler bize en yiiksek yer degistirme oraninin malzeme
cinsinden bagimsiz olarak dis yatak dislerinde gergeklestigini, stres ve gerinimin ise nispeten
homojen olarak dagilmasina ragmen dis yatak diskinin, sikloid disin ve alt saft dislerinin tizerine
yogunlastigin1 gostermektedir.

Anahtar Kelimeler: Sikliod Disliler, Sonlu Elemanlar Analizi, Polimer Disli Malzemeleri, Stres
Analizi, Eksantrik Analiz.

1. Giris

Sikloid rediktorler alman mihendis Lorenz Braren tarafindan gelistirilmis olup, planet grubuna
ait bir disli tipidir. Sikloid rediiktdrler basta endiistriyel robotik olmak {izere otomotiv, havacilik
miihendisligi ve hassas makine takimlarinin kullanildig: farkli endiistriyel alanlarda yaygin olarak
kullanilmaktadir (1). Sikloid disli rediiktorlerin en biiyiikk avantaji sifir veya sifira yakin dis
bosluguna sahip olmasidir. Bu 06zellik sikloid rediiktorlerin  biiylik Ol¢lide hassas
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pozisyonlanabilme ihtiyaglarinin oldugu robotik uygulamalarda 6nemli ve ihtiya¢ duyulan bir
rediiktor tipi olmasini saglamaktadir (2). Bunun yani sira kompakt tasarim, yiiksek verimlilik,
diistik giiriiltii, darbelere kars1 dayaniklilik, diisiik enerji kayb1 ve yiiksek tahvil oranlarina sahip
olmasiyla diger rediiktor tiplerine karst onemli bir avantaj saglamaktadir (3).

Sikloid rediiktorler genellikle talasli imalat yontemi ile tiretilen kompleks parcalardan olusan bir
sikloid yapida disli rediiktor tipidir (4). Avantajlarinin yaninda talash imalat ile tiretimlerinde
ortaya cikabilecek faktorlerden kaynakli dis boslugu olusabilmektedir (5). Bu durum yiksek
hizlarda sikloid rediiktorlerde dengenin bozulmasina, giiriiltii ve titresimin ortaya ¢ikmasina
sebebiyet verebilmektedir (6). Eger ideal olgiimlerde iiretim gerceklestirilirse dis boslugu
olusmayacak ve belirtilen kusurlarin ger¢eklesmeyecegi bilinmektedir. Sikloid rediktor
pargalarinin islenmesinde kullanilan kesici takim ve tezgahlarin imalat sektoriinde yaygin
kullanilan standart takim ve tezgahlar olmamasi sikloid rediiktorlerin istenilen hassasiyette
tiretilememesinde énemli bir etkiye sahiptir (7,8). Ideal dlciimlerde iiretim gergeklestirilebilmesi
icin geleneksel olmayan yontemlerle iiretim yapilmasi tavsiye edilmektedir (6). Bu durum bizlere
yalnizca geleneksel yontemler diginda kalan talagli imalat yontemlerine sahip isletmeler ile retim
yapabilecegini gostermektedir. Literatiirde yapilan ¢alismalarda talagli imalat yontemlerinin ve
parametrelerinin gelistirilmesi {izerine ¢alismalar bulunmaktadir (2,9,10). Yapilan calismalar,
kompleks yapidaki dis geometrilerinin daha hassas iiretilebilmesi, piiriizliliigiin azaltilmasi,
yorulmaya kars1 direncin gelistirilebilmesi gibi konular yogunluk gostermektedir(11,12).

Polimer malzemelerin kullanimi, eklemeli imalatin kullaniminin artmasiyla birlikte endiistride de
gitgide yayginlagmaktadir. Polimer tabanli malzemelerin kullanilmasinin tasarimsal, teknolojik ve
ekonomik sebeplerden kaynakli farkli avantajlar1 bulunmaktadir. Metal esasli malzemelere gore
daha disik seviyede giiriiltii iiretmesi ve uygun fiyath iiretim yontemleri kullanilarak
iiretilebilmesi en biiylik avantajlarindandir. Bazi1 aragtirmacilar sikloid disli rediiktorlerin
tiretilmesinde  celik yerine plastik malzemelerin  kullanilmasina  yonelik  ¢aligmalar
gerceklestirmiglerdir(13-15). Optimum c¢alisma basing degerlerine gore tasarlanmis plastik
malzemelerle liretilmis olan sikloid rediiktorlerin saglikli olarak ¢alisabilecegi gdsterilmistir.
Kapsamli literatiir arastirmalarinda, sikloid disli iiretimi i¢in eklemeli imalat yontemlerine dair
gergeklestirilen ¢alismalarin  eksikligi dikkat c¢ekmektedir. Aymi zamanda sikloid disli
analizlerinde polimer temelli malzemelerin kalitsal davranislarinin incelemesinde de yetersiz
kalindig1 goéze carpmaktadir. Bu iki temel eksiklik gdz 6niine alindig1 zaman metal esasl liretime
kiyasla tiretim maliyetlerini diisiirmek, parca hassasiyetini arttirmak ve tiretim adimlarini azaltmak
amaciyla polimer temelli malzemelerin kullanilmas1 durumunda ortaya ¢ikacak olasi sonuglarin
analizlerinin yapilmasinin sektoriin gelecegi i¢in hayati bir oneme sahip oldugu goriilmektedir. Bu
degerlendirmeler 15181nda gerceklestirilen ¢alismada sonlu elemanlar yontemi kullanilarak polimer
tabanli malzemelerle tasarimi  gerceklestirilmis olan  sikloid rediiktorlerin  farkl
devir/dakika’lardaki stres, gerinim ve yer degistirme degerleri modellenerek incelenmistir.
Modellenen sikloid disli boyutlarina uygun ve gercgekei bir kuvvet yliklemesi yapabilmesi amaci
ile, 12 V motorlarin da ¢alisma araliginda bulunan, 100, 200, 350 rpm hizlar1 sonlu elemanlar
analizi i¢in uygun gorilmistiir. Gergeklestirilen analizlerle birlikte farkli polimer temelli
malzemelerden tretilen sikloid disli rediiktorlerinin farkli yiikler altindaki mekanik 6zellikleri
birbirleri ile kiyaslanarak, gelecekteki ¢alismalara zemin hazirlanmasi amaglanmistir.

2. Materyal ve Metot

Caligsma kapsami baglaminda sikloid disli profili ile ger¢eklestirilecek olan sonlu elemanlar analizi
i¢in secilen polimer malzemeler, literatiirde de disli imalatlar1 i¢in en sik yararlanilan polimer
malzemeler olan Polihekzametien (Nylon) ve Polioksimetilen (Delrin) adi verilen
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termoplastiklerdir. Sertlik ve boyut hassasiyeti gerektiren kiigiik parca uygulamalarinda siklikla
kullanilan bu malzemeler imalat sonrasinda asinmaya ve kimyasal etkilere kars1 dayanikli olmasi
sebebiyle literatiir galigmalarinda siklikla kullanilmaktadir. Bu malzemeler ayn1 zamanda eklemeli
imalatta kullanilan polimer filamentlerin temel elemanlar1 arasinda yer almaktadir. Nylon ve
Delrin’in malzeme 0Ozellikleri Tablo 1°de gosterildigi tizeredir.

Tablo 1. Nylon ve Delrin malzeme 6zellikleri.

Elastikiyet Poisson Gerilme Akma Katle Erime
Modulu Orani Mukavemeti Mukavemeti Yogunlugu Sicakhg
(N/m?) (N/m?) (N/m”2) (g/cm?d) (°C)
Nylon | 8300x10° 0.28 142,5x10° 139x10° 1.15 ~190
Delrin | 2900x10° 0.3 40,7x10° 63x10° 1.41 ~170

Analizde kullanilan sikloid disli rediiktorii temek olarak 4 elemandan olusmaktadir. Bu elemanlar
Sekil 1°de goriildiigii lizere sirasiyla bir bakima rulman gorevi goren dis yatak (a), eksantrik
hareket aktarimini ileten ¢ikis mili (b), disli gérevini {istlenen sikloid dis (c) ve son olarak tahrik
mekanizmasindan gelen giiclin eksantrik bigimde disliye aktarilmasini saglayan giris mili (d)
olarak betimlenebilmektedir. D1s yatak toplam 9 yatak disine sahiptir ve sikloid dislinin hareket
ekseni bu yatak dislerinin degme noktalarina teget olacak bigimdedir. D1g yatak i¢ yarigap1 21 mm
dis yarigap1 ise 30 mm olarak ayarlanmistir. Yatak disleri ise 3 mm yarigapinda ve 40’ar derecelik
acilar ile yerlestirilmistir. Sikloid disli 10 mm et kalinligina ve 8 adet dis egrisine sahiptir. Dig
egrilerinin egri listii yaricaptr 23.42 mm, egri alt1 yarigap1 ise 20.5 mm olarak alinmistir. Cikig
miline uyumlu bir bicimde 90 derecelik agilarla merkeze 15 mm yarigap1 uzaklikta 4 adet mil
boslugu birakilmistir. Giris milinin merkezi ile sikloid disli merkezi arasinda 1.5 mm sapma
bulunaktadir. Bu durum sistemin diizglin ¢alismast i¢in ihtiya¢ duydugu eksantrikligi
saglamaktadir. Bu modelleme standart sikloid disli sablonlar1 yardimi ile yapilmistir.

a) b) c)

d)

Sekil 1. Sikloid disli rediiktoriiniin temel elemanlari
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Sekil 2’de ise sikloid disli rediiktoriiniin montaj durumundaki goriiniimii goriilmektedir. Caligma
verileri 80 W giiciline sahip 12 V ile ¢alisan bir tahrik motoru dikkate alinarak 100, 200, 350 rpm

donme hizlarinda elde edilmistir.

Sekil 2. Sikloid disli rediiktor montaji.

3. Sonlu Elemanlar Modeli

Modelleme, montaj ve sonlu elemanlar simiilasyonlar1 Solidworks programi araciligi ile
gerceklestirilmistir. Redlktor modellemesi standart sikloid disli sablonlar1 yardimi yapilmistir.
Montaj asamasindan sonra simiilasyon islemleri dogrusal olmayan dinamik yéntemi ile 100 adim
ve 100 dongii icin gerceklestirilmistir. Malzeme tiirli olarak nylon ve delrin seg¢ilmistir. 80 W
gucine sahip 12 V bir motorda 100,200 ve 350 rpm dénme hizlarmin her biri igin stres, yer
degistirme ve gerinim analizleri gergeklestirilmistir. Analizler sistem elemanlarinin tiimiiniin ayni
malzemeden iiretildigi varsayimi ile etiit edilmistir. Analizin mesh yapist Sekil 3’de verildigi
uzeredir.

Sekil 3. Sonlu elemanlar analizi mesh yapisi.

4. Bulgular ve Tartisma

4.1. Stres Analizi

Calisma kapsaminda nylon ve delrin yapili malzemelere sahip olan bir sikloid disli rediiktoriiniin
sistem elemanlari i¢in 100, 200 ve 350 rpm hizlarindaki stres analizi gergeklestirilmistir. 100 rpm
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hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar modellemesi
Sekil 4’de, yine ayn1 degere sahip delrin temelli bir rediiktor i¢in elde edilen modelleme yapisi ise
Sekil 5’de gosterildigi lizeredir. Analiz sonuglar1 dogrultusunda nylon temelli modelleme igin

maksimum stres 115,2 N/m?olarak bulunurken, delrin malzemeye sahip modellemede maksimum
stres 181,7 N/m? olarak bulunustur.

Sekil 4. 100 rpm hizinda nylon temelli sikloid disli i¢in stres analizi.

Sekil 5. 100 rpm hizinda delrin temelli sikloid disli i¢in stres analizi.

200 rpm hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar
modellemesi Sekil 6’de, yine aymi1 degere sahip delrin temelli bir rediiktor i¢cin elde edilen
modelleme yapisi ise Sekil 7°de gosterildigi tizeredir. Analiz sonuglari dogrultusunda nylon
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temelli modelleme icin maksimum stres 338,6 N/m? olarak bulunurken, delrin malzemeye sahip
modellemede maksimum stres 418,5 N/m? olarak bulunustur.

Sekil 6. 200 rpm hizinda nylon temelli sikloid disli i¢in stres analizi.

Sekil 7. 200 rpm hizinda delrin temelli sikloid disli i¢in stres analizi.

350 rpm hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar
modellemesi Sekil 8’de, yine ayni1 degere sahip delrin temelli bir rediiktor i¢in elde edilen
modelleme yapis1 ise Sekil 9°de gosterildigi iizeredir. Analiz sonuglar1 dogrultusunda nylon
temelli modelleme igin maksimum stres 1037 N/m? olarak bulunurken, delrin malzemeye sahip
modellemede maksimum stres 1313 N/m? olarak bulunustur.
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Sekil 8. 350 rpm hizinda nylon temelli sikloid disli igin stres analizi.

Sekil 9. 350 rpm hizinda delrin temelli sikloid disli i¢in stres analizi.

Sonlu elemanlar yontemi kullanilarak elde edilen stres analizi sonucglar1 Grafik 1’de gosterildigi
uzeredir. Elde edilen sonuglara gére ve malzeme 6zellikleri dogrultusunda da beklenildigi gibi,
tiim rpm degerleri i¢in maksimum stres degerinin delrin bazli numunelerde daha ytiksek oldugu
ortaya ¢cikmaktadir. Ayn1 zamanda elde edilen grafik, donme hiz1 artis1 ile stres degeri artiglarinin
yaklasik olarak ayni oranlarda gergeklestigi ¢ikariminin yapilabilmesine olanak saglamaktadir.
Yine yapilan analizler dogrultusunda her iki malzeme tipine sahip numuneler i¢in de en yliksek
stres dagilimina sahip sistem elemanlarinin dis yatak yizeyi ve sikloid dis oldugu gortlmektedir.
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Grafik 1. Stres analizi sonuglari

Grafik 1’deki degerler dogrultusunda agikca goriilmektedir ki her iki malzeme ve tUm rpm
degerleri i¢in elde edilen stres gerilmeleri kabul edilebilir sinirlar igerisinde yer almaktadir. Bu
durum bizlere stres dayanimi noktasinda termoplastik temelli sikloid disli redtktorlerinin, metalik
sikloid disli rediiktdrlerine iyi bir alternatif olusturabilecegini gdstermektedir. Yine ayn1 zamanda
termoplastik malzemelerin kiitle yogunlugunun, celik veya dokme demir gibi metalik
malzemelerin kiitle yogunlugundan yaklagik 5 kat daha diisiik oldugu goz oniine alindiginda
rediiktor kiitlesinden de oldukga biylik bir kazang saglanabilecegi agikga gorilmektedir.
Calismada tercih edilen iki polimer dikkate alindiginda, delrin temelli polimer malzemelerin,
nylon temelli polimer malzemelere kiyasla yar1 yariya daha uygun oldugu géze ¢arpmaktadir.
Ancak ote yandan nylon hem kiitlesel yogunlugunun daha diigiik olmas1 hem de daha yiiksek
sicakliklara dayanabilmesi agisindan delrinden daha avantajli bir durumdadir. Gerekli ¢alisma
kosullarinin optimizasyonu neticesinde her iki malzemenin de sikloid digli iiretimi i¢in iyi bir
alternatif olabilecegi gorilmektedir.

Sekil 10. 100 rpm hizinda nylon temelli sikloid disli i¢in gerinim analizi.
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4.2. Gerinim Analizi

Calisma kapsaminda nylon ve delrin yapili malzemelere sahip olan bir sikloid disli rediiktoriiniin
sistem elemanlar1 i¢in 100, 200 ve 350 rpm hizlarindaki gerinim analizi ger¢eklestirilmistir. 100
rpm hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar
modellemesi Sekil 10°da, yine ayni degere sahip delrin temelli bir rediiktor i¢in elde edilen
modelleme yapis1 ise Sekil 11°de gosterildigi lizeredir. Analiz sonuglar1 dogrultusunda nylon
temelli modelleme igin maksimum gerinim 0,64x107 olarak bulunurken, delrin malzemeye sahip
modellemede maksimum gerinim 2,46x1078 olarak bulunustur.

Sekil 11. 100 rpm hizinda delrin temelli sikloid disli i¢in gerinim analizi.

200 rpm hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar
modellemesi Sekil 12°de, yine ayni degere sahip delrin temelli bir rediiktor i¢in elde edilen
modelleme yapisi ise Sekil 13’de gosterildigi lizeredir. Analiz sonuglar1 dogrultusunda nylon
temelli modelleme igin maksimum gerinim 2,58x10° olarak bulunurken, delrin malzemeye sahip
modellemede maksimum gerinim 9,51x1078 olarak bulunustur.

Sekil 12. 200 rpm hizinda nylon temelli sikloid disli i¢in gerinim analizi.
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Sekil 13. 200 rpm hizinda delrin temelli sikloid disli i¢in gerinim analizi.

350 rpm hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar
modellemesi Sekil 14°de, yine ayni degere sahip delrin temelli bir rediiktér i¢in elde edilen
modelleme yapist ise Sekil 15°de gosterildigi lizeredir. Analiz sonuglari dogrultusunda nylon
temelli modelleme igin maksimum gerinim 7,90x10° olarak bulunurken, delrin malzemeye sahip
modellemede maksimum gerinim 29x107® olarak bulunustur.

Sekil 14. 350 rpm hizinda nylon temelli sikloid disli i¢in gerinim analizi.
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Sekil 15. 350 rpm hizinda delrin temelli sikloid disli igin gerinim analizi.

Sonlu elemanlar yontemi kullanilarak elde edilen stres analizi sonuclar1 Grafik 2’de gosterildigi
uzeredir. Elde edilen sonuglara gére ve malzeme 6zellikleri dogrultusunda da beklenildigi gibi,
tiim rpm degerleri i¢in maksimum gerinim degerinin delrin bazli numunelerde daha yiiksek oldugu
ortaya ¢ikmaktadir. Ayn1 zamanda elde edilen grafik, gerinim degerleri artis oraninin dénme hizi
artis oranindan daha yiiksek degerlerde oldugu ¢ikariminin yapilabilmesine olanak saglamaktadir.
Yani donme hizinin lineer artiginda gerinim orani eksponansiyel artis egilimine girmektedir. Yine
yapilan analizler dogrultusunda her iki malzeme tipine sahip numuneler i¢inde en yiiksek gerinim
dagilimina sahip sistem elemanlarinin sirstyla dig yatak, sikloid digli ve giris milinin baglanti
kisimlar1 oldugu gorulmektedir.
Grafik 2. Gerinim analizi sonuglari

Grafik 2’deki degerler dogrultusunda acikga goriilmektedir ki her iki malzeme ve tim rpm
degerleri i¢in elde edilen gerinim degerleri kabul edilebilir sinirlar igerisinde yer almaktadir. Bu
durum bizlere gerinim dayanimi noktasinda termoplastik temelli sikloid disli rediiktorlerinin,
metalik sikloid disli rediiktorlerine iyi bir alternatif olusturabilecegini gdstermektedir.
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4.3. Yer Degistirme Analizi
Calisma kapsaminda nylon ve delrin malzemelere sahip olan bir sikloid disli rediiktoriiniin sistem

elemanlarinin yer degistirme analizi 350 rpm degeri icin ger¢eklestirilmistir.

Sekil 16. 350 rpm hizinda nylon temelli sikloid disli i¢in yer degistirme analizi.

Sekil 17. 350 rpm hizinda delrin temelli sikloid disli i¢in yer degistirme analizi.

350 rpm hizina sahip nylon temelli bir sikloid disli rediiktorii i¢in elde edilen sonlu elemanlar
modellemesi Sekil 16°de, yine ayni degere sahip delrin temelli bir rediiktér i¢in elde edilen
modelleme yapist ise Sekil 17°de gosterildigi lizeredir. Analiz sonuglari dogrultusunda nylon
temelli modelleme icin maksimum gerinim 1,57x10° mm olarak bulunurken, delrin malzemeye
sahip modellemede maksimum gerinim 5,75x10°® mm olarak bulunustur.
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Sonlu elemanlar yontemi kullanilarak elde edilen yer degistirme analiz sonuglari, 350 rpm hiz
degeri i¢in nylon ve delrin temelli malzemelerde gergeklestirilmistir. 100 ve 200 rpm hizlarindaki
yer degistirme orani ihmal edilebilecek derecede kiiciik miktarlarda oldugundan dolay1 ¢alisma
verileri igerisinde gosterilmemistir. Ancak 350 rpm hizina sahip numunelerin, rediiktordeki olas1
yer degistirmelerin hangi bolgelerde ve hangi oranlarda olusabileceginin gosterilmesi ve ayrica
reduktordeki kritik noktalar hakkinda fikir vermesi agisindan 6nemli oldugu diistiniilmektedir.
Analiz sonuglart dikkate alindig1 zaman delrin temelli malzeme ile {iretilmis olan numunede daha
yuksek miktarda yer degistirme orani olusurken bu durum malzeme 6zellikleri dogrultusunda da
beklenildigi gibi gergeklesmistir. Yine yapilan analizler dogrultusunda her iki malzeme tipine
sahip numuneler i¢inde en yiiksek yer degistirme dagilimina sahip sistem elemanlarinin sirasiyla
dis yatak dislileri, sikloid disli, giris milinin baglant1 kisimlar1 ve ¢ikis milinin dislileri oldugu
gorulmektedir.

5. Sonuclar

Bu galismada geleneksel disli imalatinda da sik¢a kullanilan polimerlerden olan nylon ve delrin
esasli malzemelere sahip bir sikloid disli rediiktorii modellendikten ve montajlandiktan sonra sonlu
elemanlar analizi gergeklestirilmistir. Modelleme standart sikloid disli sablonlar1 yardimi
yapilmigtir. Modellenen sikloid disli boyutlarina uygun ve gercek¢i bir kuvvet yliklemesi
yapabilmesi amaci ile, 12 V motorlarin da ¢alisma araliginda bulunan, 100, 200, 350 rpm hizlar1
sonlu elemanlar analizinde parametre degerleri olarak tercih edilmistir. Simulasyonlar Solidworks
Simiilation programi yardimiyla ve dogrusal olmayan dinamik modelleme etudi ile 100 adim ve
100 dongii icin gergeklestirilmistir.

Elde edilen sonuglar ve bu sonuglar ile olusturulan grafikler dogrultusunda agikca goriilmektedir
ki her iki malzeme ve tiim rpm degerleri icin elde edilen stres, gerinim ve yer degistirme degerleri
kabul edilebilir sinirlar igerisinde yer almaktadir. Bu durum bizlere termoplastik temelli sikloid
disli rediiktorlerinin, metalik sikloid disli rediiktorlerine iyi bir alternatif olusturabilecegini
gostermektedir. Yine ayn1 zamanda termoplastik malzemelerin kiitle yogunlugunun, ¢elik veya
dokme demir gibi metalik malzemelerin kiitle yogunlugundan yaklasik 5 kat daha diisiik oldugu
g0z Oniine alindiginda rediiktor kiitlesinden de oldukga biiyiik bir kazang saglanabilecegi agikca
goziikmektedir. Caligmada tercih edilen iki polimer dikkate alindiginda, delrin temelli polimer
malzemelerin, nylon temelli polimer malzemelere kiyasla yar1 yariya daha uygun maliyetli oldugu
goze ¢arpmaktadir. Ancak 6te yandan nylon hem kiitlesel yogunlugunun daha diisiik olmas1 hem
de daha yuksek ¢alisma sicakligi degerlerine ulasabiliyor olmasi tercih sebebi olabilmektedir. Yine
calisma sonuglari neticesinde nylon esasli rediiktoriin tiim deney parametrelerinde delrinden daha
iyi sonuglar vermesi nylon esash rediiktorleri, delrin esash rediiktorlerden daha avantajli bir
duruma getirmektedir.

Gergeklestirilen bu ¢alismada, gerekli ¢alisma kosullarinin optimizasyonu saglanarak her iKi
termoplastik malzemenin de sikloid disli tiretiminde metalik esasli rediiktorler igin iyi bir alternatif
olabilecegi literatiire katki saglamasi1 amaciyla sunulmustur. Goze ¢arpan olasi bir diger yontemin
ise kritik rediiktdr elemanlarinin imalatlarinin nylon esasli, diger elemanlarin ise delrin esaslt
malzemelerden iiretilerek optimizasyonun saglanabilecek olabilmesidir.
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Farkl Isil islem Sicakliklarinin Boraks Takviyeli Aliiminyum Metal Matris
Kompozitler Uzerindeki Korozyon Davramisina Olan EtKisi

Suat ONAL

Osmaniye Korkut Ana Universitesi, Osmaniye Meslek Yiiksek Okulu, Osmaniye, Tiirkiye

Abstract

Giliniimiizde aliiminyum alasim ve kompozitlerinin diisiik yogunluk ve yiiksek mukavemet
ozelliklerinden dolay1 endiistrideki kullanimi1 giderek artmaktadir. Aliminyum bazli metal matris
kompozitler otomotiv, havacilik ve niikleer endiistrilerde biiyiik ilgi gormektedir. Al bazli metal
matris kompozitleri kullanmanin ana zorluklarindan biri, takviye partikiillerinin korozyon direnci
uzerindeki etkisidir. Bu ¢alismada karistirarak dokiim yontemi ile tiretilmis %15 boraks takviyeli
aliminyum bazli metal kompozitin korozyon davranisi incelenmistir. Korozyon davranisi
incelenecek numuneler soguk olarak haddelendikten sonra farkli sicakliklarda 1sil isleme tabi
tutulmuslardir. Korozyon testleri tuz ortaminda gergeklestirilmistir. Karakterizasyon
caligmalariyla birlikte 1s1l islem sicakliklarinin boraks takviyeli aliiminyum metal matris
kompozitlere olan etkileri aragtirilmistir.

Anahtar Kelimeler: Metal Matrisli Kompozitler, Aliminyum, Boraks, Korozyon

1. Giris

Aliiminyum ve alagimlar1 yaygin olarak kullanilan ve endiistrinin neredeyse her alaninda sikca
karsilagilan bir malzeme grubudur. Bu malzeme grubunun bu kadar yaygin olarak kullanilmasinin
en dnemli sebeplerinden birisi diisiik yogunlukla birlikte yliksek mukavemete sahip olmasidir [1].
Bununla birlikte aliiminyum alasimlarinin yiizeyinde olusan aliiminyum oksit tabakasinin
sagladig1 korozyon direnci bu talebi ciddi oranda etkilemektedir. Aliiminyum takviye elementlerle
alasim hale getirildiginde mekanik 6zellikleri ciddi oranda degismektedir[2,3]. Piyasada ¢okca
karsilagilan alagimlarda kullanilan elementler baglica bakir, silisyum, magnezyum ve ¢inko olarak
gosterilebilir.

Son donemlerde metal, seramik veya organic bilesiklerle giiclendirilmis aliiminyum metal
matrisli kompozitler dikkat gekmektedir. Metal matris kompozitler dokiim, siirtiinmeli karigtirma
teknigi, basingl infiltrasyon, toz metalurjisi, elektrodepozisyon ve eklemeleri imalat yontemleri
gibi tekniklerle retilebilmektedir [4]. Mevcut alasimi giiglendirme amacgh kullanilan takviye
elemanlari, aliiminyum matris i¢erisinde dagitilarak kullanilmaktadir. Glinlimiizde bu tip kompozit
malzemeler diisiikk termal genisleme, yiikksek mukavemet ve diisiikk yogunluklara sahip
olduklarindan endiistride bir ¢ok alanda kullanilmaktadir [5]. Yilmaz ve arkadaslar1 [6], 1000 °C
altinda farkli oranlarda B4C takviyesi ve farkli bekleme siirelerinde tiretilmis aluminyum metal
matris kompozitlerin mekanik 6zellikleri arastirmiglardir. %20 oraninda B4C takviyeli aliminyum
matris kompozitin ergimis halde 45 dakika bekletilmesiyle darbe mukavemetinde saf aliiminyuma
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kiyasla %100 liik bir artis saglandigini gdzlemlemislerdir. Pul [7], farkli oranlarda SiC, B4C ve
TiB> takviyesinin Aliminyum 7075 matrisli metal kompozitlerde mekanik 6zelliklere olan etkisini
arastirmistir. Calismada takviye oranlarinin artigina bagh olarak gézeneklerin olustugu ve bunun
mekanik ozelliklere etkilerinin oldugu gdzlemlenmistir. Ug takviye elemamaninda da en yiiksek
sertlik degerinin agirlikca %20 oldugu numunelerde ortaya ¢iktigi tespit edilmistir. Mazahery ve
arkadaglar1 [8], nano seviyede Al,Os3 takviyesinin aliminyum metal matrisli kompozitlerde olan
mekanik Ozelliklerini aragtirmiglardir. Sharma ve arkadaslari, aliminyum 6082 matrisli
kompozitlerde grafen takviyesinin mekanik 6zelliklere iyi gelmedigini gdstermislerdir [9].

Metal matrisli kompozitlerde destek elemani olarak bor tiirevleri yaygin olarak kullanilmaktadir.
En bilinen bor tiirevli destek elemanlar1 B4C, AITiB, BN ve boraks olarak gorilmektedir [10-12].
Yilmaz ve Oztiirk [13] farkli sicaklik, bekleme siiresi ve farkli oranda boraks orani kullanarak bir
calisma gergeklestirmistir. Gergeklestirdigi c¢alismada optimum parametreleri mekanik test
sonuglara gore belirlemistir. Ayrica, gerceklestirilen calismada Al-B bilesiminin aliiminyum
mikroyapisinda ortaya ¢iktigin1 gozlemlemistir. Su an ki ¢alismada, bulunan optimum iiretim
parametreleri kullanilarak dokiim islemi gerceklestirilmistir. Dokiim islemi gerceklestirilerek
uretilen numuneler Uzerinde haddeden gecirilerek farkli sicakliklarda 1s1l islem sicakliklarinin
etkisi arastirilmistir.

2. Materyal ve Yontem

Calismada kullanilan ticari olarak agirlikca %99.95 saflikta aliiminyum kullanilmistir. Matrisi
giiclendirmek tizere %10 oraninda boraks tozu kullanilmistir. Aliiminyum kiilgeler, dokiim islemi
Oncesinde yuzeyindeki kirleticileri gidermek igin asetonlu ultrasonik banyoda temizlendi. Dokim
islemi, elektrik rezistansl bir firinda 1000 °C altinda 45 dakika bekletilerek gergeklestirilmistir.
Ergitme islemi esnasinda aliiminyum kiilgeler ve boraks tozu gafit pota igerisinde 1siltildi.
Kullanilan prosediir ve parametreler bir 6nceki ¢calismanin optimum parametrelerinden alinmigtir.
Dokiim ciirufu ergimis aliimiinyum ve boraks karisimin yiizeyinden alindiktan sonra yaklagik 20
saniye kadar karistirilmak tizere grafit gubuk kullanildi. Karistirma igsleminden sonra ergiyen metal
hemen kokil kaliba dokiildii.

Boraks takvieli aliminyum metal matrisli kompoziti, sertlestirilmis bir silindir ile haddelenmistir.
Gergeklestirilen soguk hadde isleminden sonra dokiimden elde edilen boraks takviyeli aliiminyum
metal matrisli kompozitin kalinlig1 2 mm olarak 6l¢iildii. Elde edilen haddelenmis numune 2x2 cm
olacak sekilde esit boylarda kesilmistir. Yeniden kristallestirme isleminin gergeklesebilmesi i¢in
numuneler 60 dakika siire ile farkli sicakliklar altinda (290 °C, 320 °C, 350 °C, 380 °C, 410 °C,
440 °C ve 470 °C) 1s1l islem firininda tutulmustur. Her farkli sicaklik i¢in ii¢ farkli numune 1s1l
isleme tabi tutulmustur. Isil islem sonrasi tiim numuneler oda sicakliginda sogutuldu.
Mikroyapisal analizlerin gergeklestirilebilmesi i¢cin numuneler ilk olarak bakalite alinmistir.
Bakalite alinan numuneler sirasiyla 240, 600, 800, 1000 ve 200 mesh SiC zimpara kagitlar1 ile
zimparama igleminden gecirilmistir. 6 elmas siispansiyon yardimi ile parlatma ¢uhasi yardimi ile
15181 yansitan yiizeye sahip numuneler elde edilmistir. Zimparalama ve parlatma iglemlerinde
Forcipol 2V zimparalama ve parlatma makinesi kullanilmistir. Mikroyapiin goriinebilmesi i¢in
son adim olan daglama isleminde numuneler 0.5 ml hidrofilorik iceren 100 ml saf su karigimi
icerisinde 45 saniye kadar bekletilmistir. Daglama islemi sonrasinda alkol ile yikanan yiizeyler
hava kurutma makinesi ile kurutulmustur. Mikroskobik analizler i¢in Nikon LV150NI optic
mikroskop kullanilmistir. Caligmada kullanilan bir diger analiz ise XRD analizidir. Isil isleme tabi
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tutulan numuneler XRD analizleri Siitcii imam Universitesi biinyesinde bulunan USKiM
labaratuvarinda bulunan Cu-Ka radyasyonu kullanan Panalytical X’Pert Pro MPD cihazi
kullanilmistir. Difraksiyon grafikleri 20°<20<90° agilar1 arasinda 0.44°dk™ tarama hizinda
kaydedilmistir. Korozyon g¢alismalart AMETEK VERSASTAT 3-200 potentiostat cihazi ve
dongiisel polarizasyon teknigi oda sartlarinda kullanilarak gergeklestirilmistir. Dongiisel
polarizasyon tekniginde saf su icerisinde agirlikca %3.5 oraninda NaCl karigimi elektrolit olarak
kullanilmigtir. Glimiis/glimiis kloriir elektrodu voltaji 6lgmek tizere kullanilmistir. Testten 6nce
tiim numuneler saf su ile temizlenmistir. Dongiisel polarizasyon islemi -1 V ile +1 V arasinda
2mV/s tarama hizinda iki dongii olarak gergeklestirilmistir. Sertlik 6l¢limleri oda sicakligi altinda
Vickers elmas piramidi 0.2 kg yiik uygulanarak gergeklestirildi. Testlerde LHV-1 Micro Vickers
test cihazi kullanilmistir. Her bir numune i¢in 5 farkli 6l¢iim gergeklestirilip ortalamalari
alinmustir.

3. Bulgular ve Tartisma

Sekil 1. Boraks ile giiclendirilmis aliiminyum metal matris kompozitin mikroskobik goriintiisii

Sekil 1 boraks takviyeli aliiminyum metal matrisli kompozitin mikroskobik goriintiisiinii
vermektedir. Gorlintii 1000x bliyiitme kullanarak alinmistir. Boraks parcaciklart gri ve koseli
partikiller halinde gorilmektedir. Mikroskobik géruntude boraks partikillerinin homojen olarak
dagilim gosterdigi goriilmektedir.
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Sekil 2. Isil islem gérmemis ve farkli sicakliklarda 1s1l islem gérmiis numunelere ait XRD
grafikleri

Isil igslem goérmemis ve 1s1l islem gormiis kompozit numunelerin XRD grafikleri Sekil 2 de
verilmistir. TUm numunelere ait X-1s1n1 kirinimlari incelendiginde dort farkli pik belirgin olarak
goziikkmektedir. Bu piklere ait agilar sirasiyla 38.85°, 44.72°, 64.85° ve 78.14° olarak goriilmiistiir.
Bu piklere ait kristal yapisinin hekzagonal yapida oldugu diistiniilmektedir. Belirlenen piklerin
literatiirde aliminyum a ait X-isin1 piklerine ait oldugu saptanmistir. Yine bu piklere ait
yonelimler sirasiyla (111), (200), (220) ve (311) oldugu gériilmiistiir [14]. Isil islem sicakliklarinin
artmasiyla X-151mm1 kirmimlarinda karsilagilan pikler incelendiginde malzemedeki kristal
yogunlugunun arttig1 gozlenmektedir. Bununla birlikte AlB> ye ait bir pike rastlanmamistir. Bu
durum mikroyap1 analizi ile birlikte degerlendirildiginde boraks takviyeli aliiminyum metal
matrisli kompozitin GOretiminde AIB: bilesigi olusmadigi ve malzemenin alasimdan ziyade
kompozit oldugu gézlenmistir.
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Sekil 3. Farkli sicakliklar altinda 1s1l isleme tutulmus numunelerin sertlik grafigi
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Sertlik degerleri Sekil 1'de gosterildi. Soguk haddelenmis aliiminyum boraks bilesiginin sertlik
degeri 44 Hv olgiildi. 290, 320, 350, 390, 410, 440 ve 470 °C'de tavlama islemlerinden sonra
sertlik 6l¢timleri i¢in diger sertik sonuglar1 39.6, 27.9, 25.7, 22.9, 22.2, 21.5, 20.9 Hv olarak elde
edildi. Sonuglar dikkate alindiginda 1s1l islem sicakliginin artmasinin hadde sonrasi sertligi
azalttig1 tespit edilmistir. Sertlik degeri 290 °C tavlama sicakli1 uyglandiginda diger sicakliklara
nazaran onemli dl¢iide sertlik diislisii gozlenmemistir. 320 °C de ger¢eklesen 1s1l islem sonrasinda
sertlik degerlerinde ciddi bir kirmmim goriilmiistiir. Bu sicakligin {izerinde gercgeklesecen
sicakliklarda Olglilen sertlik degerlerinde bir miktar azalma oldugu goriildi. Yiiksek

sicakliklardaki 1s1l iglemlerin, soguk haddeleme islemi sonucunda olusan numunelerin sertligini

diisiirdiigii kaydedildi.
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Sekil 4. a) Tafel polarizasyon egrilerinin farkli 1s1l islem sicakliklarina bagl ilk dongiisii b) Tafel

polarizasyon egrilerinin yakinlastirilmis goriintiisii

NaCl korozif ortaminda uygulanan boraks takviyeli aliiminyum kompozit malzemelerin negatif
yonden pozitif yone dogru oksidasyonuna ait Tafel grafigi Sekil 4a ve Sekil 4b ile gosterilmistir.
Sekil 4b numunelere ait Ecorr Ve lcorr degerlerinin daha iyi anlagilabilmesi i¢in verilmistir. Grafikten
elde edilen verilerin sayisal degerleri Tablo 1 de verilmistir.Tablo 1 de gosterilen akim yogunlugu
(Icorr) degerleri test edilen numunelern Tafel grafindeki polarizasyon egrilerinin anodik ve katodik
dallarinin kesistigi noktadan elde edilir. Korozyon potensiyel (Ecorr) degerleri ise anodic ve katodik
egrilerin uzatilmasi ile elde edilen noktadan bulunur.

[k Tafel egrisinde en diisiik korozyon potansiyeli 1s1l islem gérmemis metal matrisli kompozit
numunede -0.642 V olarak bulunmustur. 290 °C, 320 °C, 350 °C, 380 °C, 420 °C, 450 °C ve 470
°C altinda 1s1l islem gormiis numunelerde sirasiyla -0.642 V, -0.664 V, -0.743 V, -0.643 V, -0.683
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V, -0.753 V, -0.689 V ve -0.662 V olarak bulunmustur. Korozyon akim degerleri ise 1s1l iglem
gérmemis, 290 °C, 320 °C, 350 °C, 380 °C, 420 °C, 450 °C ve 470 °C altinda 1s1l islem goérmiis
numunelerde sirastyla 1.76 pA cm?, 0.24 pA cm?, 3.05 pA cm?, 15.1 pA cm?, 45.8 pA cm?,
1.94 pA cm?, 0.89 pA cm?, 0.97 uA cm? olarak bulunmustur. En yiiksek korozyon direnci 290
°C altinda 1s1l islem gormiis numunede goriilmiisken en diisiik korozyon direnci ise 380 °C altinda
11l iglem gormiis numunede gozlenmistir. Bununla birlikte 450 °C ve 470 °C altinda 1s1l islem

gormiis numunelerdede korozyon direnci 380 °C ye yakin olarak bulunmustur.

Tablo 1. ik Tafel polarizasyon egrisinden elde edilen Ecorr V€ lcorr Verileri

Numune Ecorr (V) lcorr (A cm'2)
Bare -0.642 1057
290 °C -0.664 10°662
320 °C -0.743 10552
350 °C -0.643 10482
380 °C -0.683 10434
410 °C -0.753 1057
450 °C -0.689 10605
470 °C -0.662 10600
107 g
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Sekil 5. a) Tafel polarizasyon egrilerinin farkli 1s1l islem sicakliklarina bagli ikinci dongiisii b)

Tafel polarizasyon egrilerinin yakinlastirilmis goriintiisti

NaCl korozif ortaminda uygulanan boraks takviyeli aliiminyum kompozit malzemelerin negatif
yonden pozitif yone dogru oksidasyonuna ait ikinci dongiideki Tafel grafigi Sekil 5a ve Sekil 5b
ile ortaya koyulmustur. Sekil 4b ile verilen Tafel egrilerinin yakindan goésterimi numunelere ait
Ecorr Ve lcor degerlerinin daha iyi anlagilabilmesi i¢in verilmistir. Grafikten elde edilen verilerin

sayisal degerleri Tablo 2 de verilmistir.
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Tablo 2. Ikinci Tafel polarizasyon egrisinden elde edilen Ecorr Ve lcorr Verileri

Numune Ecorr (V) Icorr (Acm-2)

Bare -0.843 10-4.49
290 °C -0.802 10-4.59
320 °C -0.801 10-4.66
350 °C -0.723 10-4.24
380 °C -0.752 10-3.98
410 °C -0.813 10-4.30
450 °C -0.823 10-4.47
470 °C -0.803 10-4.71

Ikinci Tafel egrisinde en diisiik korozyon potansiyeli 350 °C altinda 1s1l islem g&rmiis metal
matrisli kompozit numunede -0.723 V olarak bulunmustur. Isil islem gérmemis, 290 °C, 320 °C,
350 °C, 380 °C, 420 °C, 450 °C ve 470 °C altinda 151l islem goérmiis numunelerde sirasiyla -0.843
V, -0.802 V, -0.801 V, -0.723 V, -0.752 V, -0.813 V, -0.823 V ve -0.803 V olarak bulunmustur.
Korozyon akim degerleri ise 1s1l islem gormemis, 290 °C, 320 °C, 350 °C, 380 °C, 420 °C, 450 °C
ve 470 °C altinda 1s1] islem gdrmiis numunelerde sirasiyla 32.6 HA cm™, 25.8 pA cm?, 21.5 HA
cm?,58.1 pA cm?, 103.4 pA cm?, 49.8 pA cm?, 33.9 pA cm?, 19.4 pA cm? olarak bulunmustur.
Ikinci Tafel egrisinde en yiiksek korozyon direnci 470 °C altinda 1s1l islem gdrmiis numunede
goriilmiisken en diisiik korozyon direnci ise 380 °C altinda 1sil islem gormiis numunede
gdzlenmistir. Ikinci polarizasyon egrisinde korozyon akimlarmin tiim numunelerde daha diisiik
seviyelerde oldugu gozlenmistir. Bunun sebebinin ilk polarizasyon egrisi sonrasinda numune

yiizeylerinde pasif tabaka olusmasindan kaynaklanabilecegi diistiniilmektedir [15].

4. Sonuglar

Metal matrisli kompozitlerin kullanim1 endiistride gittik¢e yayginlagsmaktadir. Farkli matris ve
farkli giiclendirici elemanlarla metal matris kompozit malzemeler kolayca iiretilebilmektedir.
Kompozit malzemelerle ilgili haddeleme ve 1s1l islem parametrelerininde kompozit igerigi kadar
onemli oldugu diisiiniilmektedir. Bu calismada boraks takviyeli aliiminyum metal matris
kompozitin hadde ile kalinlig1 indirildikten sonar farkli sicakliklar altinda 1s1l islem sicakliklarinin
korozyona olan etkisi arastirilmistir. Korozyon sonuglariyla birlikte mikroyapi, XRD ve sertlik
analizleri yapilip tartistlmistir. Farkl 1s1l islem sicakliklart belirtilen siirede mikroyapi iizerinde
bir etkisi bulunmamigtir. X-1511 kirinimlarinda 1s1l islem sicakliklarina bagli olarak numunelerin
kristal yogunluklarinda artis oldugu gézlenmistir. Bununla birlikte kristal yogunluklarinin sicaklik

degisimlerinde farkli piklerde olustugu gozlenmistir. Sertlik degerleri 1s1l islem sicakligi arttikga
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diisme meyili gosterdigi goriilmiistiir. Korozyon sonuglar1 incelendiginde bazi sicakliklarda 1sil

islemin korozyon direncini arttirmak yerine azalttig1 tespit edildi. Iki korozif dongiiniin sonunda

en iyi korozyon direncinin 440 °C ve 470°C sicakliklarda olustugu goriildii.
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Abstract

In order to survive in today's competitive market, it is necessary to produce with high efficiency.
It is possible to increase productivity by analyzing the errors that occur during manufacturing,
finding the root causes, and solving them. In this project, the efficiency of a cutting machine line
was examined over the 6-month. Among the 6-month data, the errors that caused the downtime in
production were determined with the help of Pareto analysis. There are 4 main defect types and
the root causes of these defects were found with the help of fishbone diagrams. Then, using
problem-solving techniques and considering the financial effects, solution suggestions were made.
As a result of the study production efficiency improved by 55% and cost savings were obtained.

Key Words: Production Efficiency, Lean Manufacturing, Data Science, Cost Saving, Problem
Solving, Fishbone Diagram, Pareto Chart, FMEA.

1. Introduction
Today, customer demands vary greatly compared to the industrial revolution in the 1950s. Such

that customers demand better quality products at cheaper prices and faster. This situation drives
the market into an increasingly competitive environment. Under these conditions,
companies/manufacturers must be able to meet these demands in order to survive.

Companies that can respond to these demands will continue to make a profit, while companies that
cannot develop their technology in this direction and keep up with this competitive market will
perish. There are two vital elements that companies should pay attention to survive in this
challenging market. One of them is the necessity of putting themselves in continuous improvement
to meet the demands and the other is the necessity of reviewing the quality standards and quality
control processes. At this point, the most important philosophy to be considered is lean production.
The Pareto chart is beneficial for data, such as classification, type or cause and is convenient to
arrange where process changes or action taken should be focused and is also used to classify the
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wastage and downtimes of machine. It uses Bar diagrams to sort problems based on frequency,
severity, nature, or source and displays them size which problems are vital ones [1,2] A fishbone
diagram can be helpful in identifying possible causes for a problem that might not otherwise be
considered by directing the team to look at the categories and think of alternative causes. If it is
the Pareto chart that helps us to prioritize our efforts and focus attention on the most pressing
problem or symptom, it is the cause-and-effect diagram that helps to lead us to the root cause of
the problem [3, 4]

The Company Information

The manufacturing company was founded in 1977 as an establishment aiming to meet the demand
for production, assembly, technical service & maintenance, fault detection, and spare parts. The
company continues its sales and production activities in different continents and countries with its
export volume to more than 85 countries around the world. The manufacturing company has
adopted the principle of development by using the technologies of its solution partners in the fields
of mechatronics, pneumatics, and hydraulic hydropneumatic, by providing services in the fields of
research, development, design, production, sales, and after-sales for changing needs. The company
takes the chances of investments to increase its country, sector, and production volume. At the
same time, it pays attention to sectoral, social, and individual interests. 7he Company, which bases
its activities on honest, respectful, socially friendly, humane, superior quality and principles, aims
to continue on its way with the principle of "trust".

Line Details

Improvements within the scope of the project were applied to the MNT-02 line. There are 18
stations and 6 operators on the MNT 02 line. In addition, there is a line leader and a relief operator.
An aluminum profile cutting machine is produced in this line. In total, 7 different models of
machines are produced. There were approximately 28 sub-models due to differences in electrical
and mechanical connections. The planned production time for the line in 1 day is 520 minutes but
420 minutes is achieved. Availability of the line is calculated as 0,80 from this information. The
production rate of the line is 14 machines per day but there are 1 scrap/rework machine in March.

2. IMPLEMENTATION

Data Processing

After getting all data sets, data analysis was started and data analysis steps were applied. PY THON
program was used for data analysis.

Figure 1: Libraries which is used in Python code.
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Preparing Data Frame

Machine Labor

Date Category Error_Type Comment  Process Model Takt Stop_Time Loss Loss

o 202+ Planii_Durug Lojistik . . Plark NaN 1150 Mahl NaN
o == Durug

4 2020 Planii_Durus Lojistk Plan NaN 1350 NaN NaN
] Durug

2021-40- Planii_Durug Lojistik - . Plnk NaN 1400 NaN NaN

] Durug

Excel data has been made suitable for processing in python.
"Date","Category”,"Error_Type","Comment","Process","Model","Takt","Stop_Time","Machine
Loss","Labor Loss"

Data were categorized using sub-names.

Data Cleaning Phase

Figure 2: Cleaning on model column.

Using Python functions and libraries, dirty data started to be cleaned. As can be seen above, the
model name was found in different names that are not related to the model name in the fields that
need to be specified. This dilemma was resolved by cleaning the data, and only the model names
were provided in the data set.

Figure 3: Cleaning on category column
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Here, the parts that should not be in the error modes were cleaned and a clearer understanding of
the error modes was provided in the next stages.

Before the data cleaning total data size was 708 Rows and 10 Columns after the implementation
of data cleaning methods total data size was reduced to 477 Rows and 6 Columns.

Date Category Error_Type Process Model Stop_Time

8 2021-10-05 Kalite Arizali Parca - FR 225-226 22,0

9 2021-10-05 Kalite Arnizal Parca - FR 225-226 9.0

10 2021-10-05 Operatér_Hatasi Meontaj Hatasi 3. Proses FR 225 - 226 9.0

704 2022-04-26 Kalite Arizali Parca 13. Proses ACK 420 7.0

. Hatali Kabl

706 2022-04-27 Elektrik_On_Montaj @ a.! avlo ACK 420 13.0
- = Baglantisi

707 2022-04-27 Hat_Anzalan Mekanik Aniza - ACK 420 5.0

After cleaning and ordering the data, the visualization phase of the data was started.

Total Line Stopping by Months

4000 - Categary
BN Flekiric_On_Montaj

BN Hat_Anizalan

— Kalite

. Lojistik

BN Cperatér_Hatasi
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Figure 4: Total line stopping time by months

While visualizing the data, the analysis was primarily done on a monthly basis. It was examined
whether there was a monthly trend in the error modes that emerged in the month-based
visualization. As a result, although there was no change in the order of error modes on a monthly
basis, it was observed that logistics errors took up a large place, especially in months 2 and 3.
For further review, error modes were reviewed and visualized individually on a monthly basis.
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Figure 5: Trendlines of main errors in last six months.
Figure 6:
When the error modes were examined one by one over a 6-month period, no trend could be found.
However, when the graphs are examined, it can be determined that all error modes decrease
between the 2" and the 5" month. The reason for this is the decrease in production numbers
between these months.

Pareto Analysis

After the data is visualized and cleaned, a Pareto Analysis was performed to obtain the most
problematic errors. The Pareto analysis results can be seen below;

The data which represents the stopping times in the production line is analyzed manually via excel
and automatically via a python programming language. The data is sorted out by the pivot table.
By looking into the pivot table, the priority order is made and a graph is drawn. Pareto Analysis
suggests only 20 % of the factors that affect the process generate 80 % of the problem. According
to this approach, the most important factors are selected.

According to Pareto Analysis results based on [7];
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Set Waiting

Defective Part

Cable Connection Fault

Electrical Part Failure

These problematic factors are sorted according to the importance level. These 4 factors nearly
cause 80 % of the stopping in this production line. Problem solving suggestions will be made to
these 4 problems only because focusing on them is much more profitable than dealing with all of
the factors. After these most-impact problems are solved, the analysis will be done again and the
new problems will be solved. This cycle will be repeated constantly according to continuous
improvement (Kaizen) logic.

FMEA Analysis

After the Pareto Analysis, Failure Mode Effect Analysis is performed to calculate the importance
number (RPN). This number gave idea to the team to where to start and which to focus.

Severity Values: Set waiting has the biggest severity of them all so it is ranked with 10 points.
According to Set Waiting, the Severity of the Functionally Failed Part is significantly lower.
Because it does not stop all processes and the part which is defective can be changed in a short
notice. So, it will be ranked 2/10. Wrong Cable Connection Error has the least Severity in the
group. It can easily be solved such as and does not require a complex procedure. It is ranked 1.5/10.
The logistics error has the same impact as Set Waiting. So, the Severity of Logistics error is also
10/10.

Occurrence Values: According to the data which was given by the company, occurrence values
are rated. Most frequent of them is Set Waiting and it is ranked 9/10. Other Occurrence values are
given according to this.

Detectability: Detectability in these problems varies a lot but the Set Waiting error is the hardest
to detect because the production line workers are not aware of the situation in the warehouse and
supply. So it is ranked 10/10. Secondly, Logistics errors are more predictable because they are
related to the suppliers and the factory can gather information from them about whether they will
deliver late or not. Logistics is ranked 8/10. And Functionally Failed Part is also hard to detect
because the part is incorrect visual conditions but does not work. It is also rated 8/10. The wrong
cable connection is easy to detect because there is a quality control station in the production line
which is also responsible for checking the electrical connections. So, it was ranked 2/10.

- Set Waiting; S=10, 0=9, D=10 RPN=900
- Functionally Failed Part; S=2, O=8, D=8 RPN=128
- Wrong Cable Connection; S=1.5, O=4, D=2 RPN=12
- Logistics; S=10, O=1, D=8 RPN=80

It can be clearly seen that the most important problem is Set Waiting. Set waiting is a time past
while waiting for all the components to get ready for the assembly. Incomplete delivery of a box
called “Set” which includes all the components required to assembly in a specific station. This
problem is directly connected to the Kanban system in the production line and supplier delays.
The second most important problem was Functionally Failed Part. It means a part which is correct
in terms of dimensions but cannot perform its functions.
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Third one was Logistics. A part which is correct in terms of dimensions but cannot perform its
functions. Set Waiting and Logistics are sometimes connected because when the Suppliers doesn’t
meet the demand, the set is also delayed.

The last problem is Wrong Cable Connection. It is caused by the operator mistakes and can be
detected easily. But these problems occur too much and take a lot of time.

Fishbone Diagram

After the FMEA, team decided to create a fishbone diagram to obtain the root-causes of the 4
major problems. After all of the root-causes were written in the diagram, most important ones are
determined.

Set Waiting:

Figure 7: Fishbone diagram for set waiting error.

These most important root-causes of Set Waiting are as follows;
- Inefficient Kanban Method

- Forgetfulness of the Warehouse

- Supplier Communication Problems

Functionally Failed Part:
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Figure 8: Fishbone diagram for functionally failed part error.

The most important root-causes of Functionally Failed Parts are as follows;

. Low quality products from the suppliers
. Insufficient training in production workers
. Machine tool problems in the part production
. Maintenance problems in the part production
. Insufficient quality control
Logistics:
Figure 9: Fishbone diagram for logistic error.

The most important root-causes of Logistics are as follows;

. External supplier problems

. Legal restrictions and health issues caused by COVID-19 pandemic
. Transportation problems

. Wrong batch sizes
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Wrong Cable Connections:

Figure 10:  Fishbone diagram for wrong cable connection error.

The most important root-causes of Wrong Cable Connections are as follows;

. Visually similar materials

. Lack of attention in assembly process
. Distractive Events

. Inefficient control

3. Results and Discussion
By using data analysis, the problems in production were determined correctly. The possible gains
in case the recommendations are implemented will be evaluated.

Table 1: Time and machine saving.

Problem Saving (Time) Saving (Machine)
Hydro-check Error 162 7

Kanban System 2000 101

Cable Connection 282 12,8

Stop Button - -

Saw Error 80 4

Ruler Error 60 3

Hydro-check Error: With the reduction of the possibility of repetition of the Hydro-check failure
with the measures, an estimated 162 minutes, i.e. 7 machines, were saved.

Kanban System: Kanban system is a problem in every manufacturing factory. Thanks to the
possibilities brought by digitalization, these problems are gradually decreasing and contribute to
an increase in production output. With the establishment of a new Kanban system for the company,
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this system is compatible with the software used by the company, and the tracking process for both
in-plant material handling and parts coming from suppliers has become easier, and possible delays
can be determined beforehand. In this way, in case of a possible delay, losses will be minimized
with the type rotation of the line, and production will continue in the lean production philosophy.
Possible wins are shown in the table as machines and minutes, and it can be considered natural to
have wins above and below them. The variability in this output is completely related to the system
and it can be said that a higher-cost system will bring higher returns. Here, it is recommended to
carefully examine the return on investment and choose a suitable system for it.

Cable Connection: This proposal, which can contribute to the production output with a simple
solution, can increase 12 machines in 6 months. There is no cost item in the solution of this
problem, which was resolved with the implementation of poke yoke.

Stop Button: Although this proposal does not increase production output, it is of great importance
in terms of measuring and examining employee effectiveness. How skilled an employee is at their
job can be measured by how many stop buttons are pressed at stations, and it is possible to produce
better quality products with a correct rotation and to obtain more qualified employees.

Saw and Ruler Error: Although the outputs of the proposed solutions to these problems are not
very large, it is expected to yield approximately 7 machines in 6 months.

OEE Comparison

The overall equipment efficiency based on [5, 6], described in section 2, is calculated to understand
how effective the improvements are. For this, the situations before and after the implementation
of the project are compared.

a- Before Suggested Implementation
Availability:

The company gives a 1-hour lunch break and a total rest break of 30 minutes.
Theoretical Production Time = 8 Hours = 28.800
Net production time = 6.5 Hours = 23.400
Efficiency:

Daily maximum Output = 21

Daily Actual Output = 15

Quality:

Daily parts produced = 14

Daily parts produced meet quality standards = 13

b- After Suggested Implementation

The implementation of the project does not affect the quality and availability components of OEE.
So these parameters remain as they were calculated in the first case.

Efficiency:

Daily maximum Output = 21

Daily Actual Output = 18

%6 https://ticmet.org --------------



After eliminating the errors in the production line, the production line can produce at maximum
capacity. Therefore, this project is a capacity improvement study. As a result of the improvements
made, the efficiency rate, which was 66% in the previous situation, increased by 19% and became
85%

Timeline Availability  Efficiency  Quality OEE
Before Project Implementation 0,81 0,66 0,93 0,49
After Project Implementation 0,81 0,85 0,93 0,64

The estimated gains of the solutions have been studied above. The estimated values given during
these examinations may vary depending on many parameters. However, it should be noted that the
production numbers, which have decreased due to the supply and pandemic experienced in recent
years, show a tendency to increase rapidly with the supply system that is gradually normalized and
improved.

For this reason, since the 6-month production data examined is in low production numbers, the
earnings remained low at this amount. Since the number of errors is related to the number of
productions, it is expected to be aware that higher returns will come with the increase in the number
of productions.

4. CONCLUSIONS

In this paper, the efficiency of assembly line MNTO2 of the manufacturing company has been
studied using lean manufacturing tools. The objective of the study was to provide a new insight to
bring suggested solutions to existing problems of the manufacturing company using the before-
mentioned lean tools and to demonstrate the advancements these suggested solutions would
contribute to eliminating waste. The results obtained in this study are in line with the hypotheses
in the literature. Upon analyzing the 6-month data using data science it was apparent that the
biggest losses were recorded about errors such as set waiting, functionally failed parts, logistics,
and operator errors.

Set waiting on its causes 9070 minutes of stoppage time in the assembly line over the course of 6
months. To solve the set waiting error electronic kanban system was introduced in the previous
chapter and implementing this solution only saves 44% of the total stoppage time, and eliminates
the waste of 101 machines, which translates to a major profit for the company.

An example can be given on the solution that was suggested to solve wrong cable connection
errors. This solution was inspired by the Poka-Yoke method. Application of color codes to solve
cable connections might seem like a minor effort to increase efficiency but according to the
analysis presented in chapter 5, it would eliminate the waste of 12.8 machines in 6 months,
regaining 282 units of time out of 502 that is currently being lost due to wrong cable connection
error.

Furthermore, in light of the third most significant result of this paper, the solution to hydro-check
errors can lead to savings of 7 machines in 6 months and reduces the cycle time.

o7 https://ticmet.org --------------



Lastly, evaluation and acknowledgment must be made of the limitations of this study. One of the
biggest obstacles was in obtaining data from the company and being able to comprehend them. To
reach lean and smart solutions, the most important step is to understand the problem. Accumulating
data of the error types is an essential step leading to an accurate problem definition. According to
observations made in visiting the factory, further research is needed to establish a more efficient
data-keeping system in The manufacturing company assembly lines. The outcome of this study
might have been superior if the data inputs in the assembly line were written more carefully and
without missing information. To conclude, improvements in efficiency using lean manufacturing
and data analysis are demonstrated using evidence obtained in this study. In implementing all
solutions given in this study, the company can eliminate the waste of 127.8 machines and save up
to 2584 minutes of production time.
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Abstract

X12Cr13 stainless steel provides excellent strength, toughness, and corrosion resistance. So it has
been preferred for the cutting tools, valves, and valve plates with martensitic and ferritic phases in
the alloy structure. Glass powder is acquired via grinding waste glass cracks and applied as an
additional agent in structural materials owing to its chemical composition (alkali and alkaline earth
oxides, such as SiO2, Al203, Na;O, MgO, etc.). In this study, the effect of glass powder on the
surface and structural properties of X12Cr13 martensitic stainless steel has been investigated. A
homogeneous mixture was formed by mixing martensitic stainless steel and 10 % (wt) glass
powders, this homogeneous mixture was pressed under 12-ton pressure, and then, a heat-treatment
process was applied at 1250 °C temperature for 2 hours. The physical property of this composite
material, such as hardness measurement, surface topography, and microstructural properties, were
determined using optical microscopy, scanning electron microscopy images, energy dispersive X-
ray spectroscopy spectrums, and X-ray diffraction analysis performed to determine the crystal
structure. It was observed that there was a reaction between martensitic stainless steel and glass
powder and phase transformation occurred in this composite structure.

Key Words: Martensitic Stainless Steel, Glass Powder, Composite Material, Structural Property,
Phase Transformation

1.Introduction

Stainless steel is classified into four main groups consisting of ferritic, austenitic, martensitic and
duplex stainless steel in terms of their chemical compositions and microstructures. Martensitic
stainless steel has a body-centered cubic crystal structure and is a heat-treatable alloy [1, 2]. These
stainless steels are used in industrial areas, such as automobiles, aerospace, aerospace, etc. due to
their good strength, toughness and corrosion resistance [2-4]. X12Cr13 stainless steel used in this
study has semimartensitic stainless steel including martensitic and ferritic phases and is widely
applied to use pumps, valve shafts, etc. [4, 5]. Solid waste management and waste usage are more
important environmental issues due to the scarcity of space for landfilling and its ever-increasing
cost. The utilization of waste products provides reduces annihilation problems and performs
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economically [6]. Glass powder is obtained by grinding waste glass cracks. This powder has alkali
and alkali earth chemical composition (SiO2, Al.O3, Na>O, MgO, etc.), and is used to additive
raw material into structural materials such as concrete and steels [6, 7]. In this study, the effect of
glass powder on the structural and morphological properties of martensitic stainless steel was
examined and with this study, it was aimed that the utilization of glass powder could be evaluated.

2.Material and Method

The chemical composition of X12Cr13 martensitic stainless steel powder obtained from Shi Jia
Zhuang Daye Powder Factory in China was given as 13.3% Cr, 0.83% Si, 0.83% Mn, 0.041% C,
0.02% P, 0.02% S and in balance Fe. The chemical composition of glass powder obtained from
Acar Frit, Masse and Industrial Raw Materials Industry and Trade Limited Company in Kitahya,
Turkiye were given as 68.92% (+0.50) SiO2, 1.81% (+0.08) Al>O3, 0.10% (+0.01) Fe»03, 0.06%
(£0.02) TiO2, 8.19% (+0.014) CaO, 4.07% (+0.05) MgO, 16.00% (+0.27) Na20, 0.042% (+0.02)
K20 and 0.49% (+0.02) other substances. Glass powder was dehydrated in an oven at 100 °C
temperature for 24 hours before it mixed with stainless steel powder [7]. Martensitic stainless steel
powder was mixed with 10% (wt) of this dehydrated glass powder and a homogeneous martensitic
stainless-glass powder mixture was obtained. This homogeneous mixture was pressed under 12-
ton pressure and then pressed sample tempered at 600 and 900°C temperatures for 30 min to
remove oxide, distribute uniform temperature in the furnace [8, 9] and sintered at 1250 °C
temperature for 2 hours. The physical properties of this composite material were examined. The
hardness measurements of stainless steel-glass powder composite materials were performed via
Brinel Hardness test using DigiRock Blue Hardness Tester with a ball diameter of 2.5 mm and ball
load of 32.25 N.(ASTM10) Morphological and microstructural properties of this composite
sample were investigated via optic microscopy (OM) using Nikon Eclipse MA100, Scanning
Electron Microscope (SEM) images, and Energy Dispersive Spectrometry (EDS) by FEI Quanta
650 Field Emission SEM device. The crystal structure of this sample were examined via
PANalytical Empyrean X-ray diffraction (XRD) with degree of 20-90° tube voltage of 45 kV, tube
current of 40 mA and scanning rate of 0.013°/min, anode material of Cu-Ka (A=1.54 A).

3.Results and Discussion

Figure 1. The OM image of X12Cr13 martensitic stainless steel mixing with 10 wt% glass
powder sample (50X magnification).

100 https://ticmet.org  ~----rwem----




Figure 1 shows OM image of X12Cr13 martensitic stainless steel mixing with 10 wt% glass
powder sample. Light and dark regions were referred as ferritic and martensite phases,
respectively. Heterogeneous structure was also seen on the surface of this sample. These structures
were revealed as pores existences due to powder metallurgy method. It was also considered the
regions of the microstructures were defined as Cr-Si oxides formed by segregating Cr to the before
glass powder [7]. Also, on these regions, CrN phases were observed. The Brinell hardness value
of this sample calculated as 101.90 HB.

Figure 2. The SEM images of X12Cr13 martensitic stainless steel mixing with 10 wt% glass
powder sample ((a) 1 000x, (b) 5 000x and (c) 40 000x magnification).

Figure 3. The EDS Mapping of X12Cr13 martensitic stainless steel mixing with 10 wt% glass
powder sample

Figure 2 presents the SEM images of X12Cr13 martensitic stainless steel mixing with 10 wt%
glass powder sample at 1 000x (a), 5 000x (b) and 40 000x (c) magnifications. Also, the EDS
mapping of this sample is given in Figure 3. SEM images of this sample showed large irregular
segregates. These are clear on the Figures 2 (a) and (b). An oxygen concentration of 19% was
recorded on the all surface of this sample. Cr and Si concentrations were 13% and 17%,
respectively. On the surface of this sample, needle-shaped structures were observed. it can be
revealed that these structures may be glass powder and have more calcium and alkali content in
their structures[10]. Also, carbide precipitation on the surface of this sample was seen. Heat
treatment of martensitic stainless steel sample enables to obtain austenite, to the dissolution of the
carbides and with cooling to transform the austenite into martensite structures and therefore lead
to precipitation of carbide[11].
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Figure 4. The XRD pattern of X12Cr13 martensitic stainless steel mixing with 10 wt% glass
powder sample

Figure 4 shows the XRD diffraction pattern of X12Cr13 martensitic stainless steel mixing with 10
wit% glass powder sample. Diopside phase (CaMgOeSi2) peaks for 26 angles of 30.07°, 50.41°,
57.20° and crystoballite ((SiO2) phase peaks for 26 angles of 35.43° and 74.54°, o phase peaks for
260 angles of 44.30° («(110)), 64.64° («(200)) and 82.11° («(211)) recorded [12]. Crystoballite
phase forming is based on the reaction enthalpy. This enthalpy is related to the variation of
absorbed heat in the form of thermal energy to kinetic energy, in order to occur ionic diffusion in
the materials, when temperature increases, crystoballite phases occur [13]. CrN precipitation
occurred predominantly at high temperatures [14]. It was considered that peaks on the 26 angles
of 43.12° and 62.68° would be an, CrN(200) and CrN(220), respectively [15]. These BCT-a Fe
phase peaks for 260 angles of 44.74°, 65.021° and 82.261° for this martensitic stainless steel powder
[15].

4.Conclusion

In this study, the effect of glass powder on the microstructural and surface topography of X12Cr13

martensitic stainless steel prepared by the powder metallurgy method was examined. The

following experimental results were given:

e Heterogeneous structures were observed due to porosity existence. Cr-Si oxides occurred
between glass powder and stainless steel powder.

e Brinell hardness value of this sample was 101.90 HB.

¢ Needle-shaped structures on the microstructure of this sample occurred. Carbide precipitations
on the microstructure of this sample were also observed.

It is planned this study will be developed in future studies with different features and chemical

composition investigations.

Acknowledgement: Authors are greatly thankful to Cukurova University research funding with a
Grand Number of FBA-2021-13966.
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Abstract

In this work, we present an experimental study of the thermal exchanges in forced convection ina
solar air collector equipped with pipes with cans in the air stream, intended for the drying of
agricultural products. This collector was designed and produced at the University of Ain
Temouchent. The results of the graphical analyzes based on measurements of solar flux, air flow
and ambient temperature carried out during a few days in June 2021 were presented and
interpreted. The influence of the number of rows of can pipes "4 to 14" on the thermal efficiency
has been studied and compared with the case of a simple solar collector. The results obtained
show that the outlet temperature is markedly improved,; it reaches values of 120°C for a row of
14 can lines.

Keyword: Simple air collector, experimental, forced convection, thermal efficiency, can, drying,
agricultural products.

1. Introduction

Greater emphasis is being placed on the use of solar energy sources due to economic crises with
rising fuel and electricity costs. One of the most used systems to exploit solar energy remains the
solar collector. The latter can convert solar radiation into clean thermal energy. This heat
transmission system can also be used to improve the performance of drying systems for food
products or building materials.

The behavior of turbulent flow and heat transfer has been studied experimentally and theoretically
by Azharul et al [1] on different types of solar collectors: plate collector, corrugated fin collector
and V-groove collector. The results obtained showed only for the same flow; the dryer equipped
with a solar collector with corrugated absorber is more efficient than dryers equipped with a simple
or finned collector.

The experimental study conducted by Fakour et al. [2] was made to evaluate the thermal
characteristics of a solar collector comprising longitudinal fins fixed on the absorber plate. The
results showed that the presence of a network of fine fins increased the transfer surface by almost
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66%, which made it possible to obtain an improvement of about 20% in the heat transfer.

An experimental and theoretical study of a natural convection solar collector was carried out by
Bahria et al. [3]. The authors examined the effect of the number of baffle rows on the thermal
efficiency up to 10 rows placed below the absorber. They indicated that the addition of a row of
baffles corresponds to an increase in the air-absorber contact surface, and consequently an
efficiency which reaches 32% for 10 rows of baffles.

Essalhi et al. [4] studied a solar collector of an indirect dryer with a new design of the absorber
with two corrugated aluminum plates. Their results show that this type of dryer can reach a
temperature of 57°C in a natural convection regime and allows the drying of pears and the
reduction of their mass from 997.3 g to 135.13 g.

Elsawi [5] and Abhay [6] have studied the thermal performance of a flat VV-shaped plate. This type
of absorber provides a larger exchange surface compared to a flat absorber. They also found that
the corrugated collector had a higher efficiency than a flat plate collector.

The experimental study proposed here falls within this context and aims to analyze a simple flat
air collector and to develop a new form of collector integrating aluminum drink cans placed on the
absorbent plate. For this, a comparison of two different models with forced convection was carried
out: the first is a flat solar collector with simple air and the second model is a collector equipped
with pipes with cans. The impact of number of rows of these cans on the improvement of thermal
performance of solar collector has been studied and compared with the simple case.

2. Description of the experimental model

The flat air solar collector with different rows of aluminum cans was made at the University of
Ain Témouchent, Algeria. The solar collector studied is a single pass flat air collector, length
L=1.97 m, width 1=0. 98 m and area A=1.93 m? (Fig.1). The 4 mm thick transparent glass plate is
placed on the upper side of the frame. On the lower side of the box, an insulator, composed of four
layers: wooden plate 2 mm thick, layer of glass wool 2 mm thick, polystyrene sheet 40 mm thick
and a sheet of 2mm thick aluminium, was painted math black and used as an absorber.

A row of “used pop” aluminum cans was glued together to form a cylindrical pipe; making a total
of 14 rows of 10 cans each, collected in the collector. The cans used have a diameter of 65 mm, a
length of 160 mm and a thickness of 0.3 mm. They have been painted in math black, and cut at
their ends to let the air flow through.

Figure 1. Solar collector equipped with an absorber with can pipes.
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3. ExperimQental procedure

The measurements of the different quantities were carried out from 9 a.m. to 3 p.m. over one day.
Over this period, we were able to observe the effect of the inlet temperature of the heat transfer
fluid and the solar flux on our system studied by taking measurements of:

» Solar flux every 60 min.
» Ambient temperature (inlet) and outlet every 15 min.

Five configurations of solar collectors were studied during this work, namely:

¢ Simple collector without cans: Case 1
+»+ Collector with 4 rows of cans: Case 2
+»+ Collector with 8 rows of cans: Case 3
+»+ Collector with 12 rows of cans: Case 4
+»» Collector with 14 rows of cans: Case 5

4. Result and discussion

In order to analyze the five proposed configurations of the solar collector, it is necessary to present
the ambient temperature profiles (Tin) and the daily solar fluxes. Figure 2 illustrates the evolution
of the entrance temperature and the solar irradiation as a function of time during the days of the
month of September.
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Figure 2. Solar flux and inlet temperature for all the cases studied.

The curves in Figure 2 present the solar flux density and the inlet temperature Tin for all the
configurations studied, and as expected, the temperature and flux values reach their maximum
between 12 p.m. and 1 p.m. before starting to decrease. until the end of the day. It should be noted
that the maximum values of radiation and inlet temperature during the days considered reached
980 W/m2 and 33 °C respectively.
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Figure 3. Inlet and outlet temperature for the different cases studied.

According to the graphical representations shown in Figure 3, considerable thermal performance
was observed for all the cases of sensors studied. This figure shows the influence of the addition
of canned pipes compared to the case of a simple sensor. It is clearly observed that the outlet
temperature reaches maximum values in all cases between 12 p.m. and 1 p.m. following a logical
evolution over a typical day since the radiation increases and decreases in intensity. It was also
found that increasing the number of rows of pipes increases the collector outlet temperature as a
function of the solar flux value. The outlet temperature reaches a value of 106°C in the simple case
and 130°C in the case of a 14-row sensor; i.e. a recorded difference of 24°C.

5. Conclusion

The results obtained highlight the influence of a new geometry of collectors on the distribution of
temperature and air velocities in the air stream. Experience has shown that the presence of canned
ducts in the dynamic air stream improves heat exchange compared to the simple case and in
addition the increase in the number of ducts makes it possible to obtain a high temperature in the
vicinity of the absorber, improvement partly due to the increase in the exchange surface. If we
compare our experimental results obtained for the five cases studied, we see that it is case 5 of the
14-row sensor that gives the best performance; i.e. an outlet temperature difference of 24°C
compared to a simple solar collector.
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SURDURULEBILIR LIFLERDEN ELDE EDILEN ORME KUMASLARIN
HAVA GECIRGENLIK VE BONCUKLANMA OZELLIKLERININ
INCELENMESI

TULIN KAYA NACARKAHYA?, EBRU CELIKTEN?!, KUBIiLAY OZDEN., TUGCE
oGuTY
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Ozet

Diinya niifusunun artis1, kiiresel 1sinma, arz ve talep dengesinin degismesi tiim iireticileri
stirdiiriilebilir tirtinlerin iiretimine sevk etmistir. Daha siirdiiriilebilir bir yasam dongiisiine dahil
olabilmek iginde ekolojik tiretim prosesleri ve biyobozunur firiinler O6zellikle son yillarda
tiiketiciler tarafindan da talep goren bir noktaya gelmistir. Bu baglamda, giinlik yasantimizda ¢ok
onemli bir yeri olan tekstil tiriinlerinin 6zellikleri de talebe yonelik degismeye baslamistir.

Bu calismada, surdrilebilir ve biyobozunur 6zelliklere sahip olan, %100 Ecocell, %100 Modal,
%100 Bambu ve %100 Viskon elyaf iceren Ne 30/1 iplik numarasinda Ring ve Vorteks iplik
egirme sistemlerinde iiretilen ipliklerden siiprem 6rme kumas yiizeyleri olusturulmustur. Elyaf
tipinin ve iplik iiretim prosesinin etkisini incelemek amaciyla, gramaj, kalinlik, hava gegirgenlik
ve boncuklanma 6zellikleri test edilmistir.

Anahtar Kelimeler: Ecocell, siirdiiriilebilir lifler, hava gegirgenligi, boncuklanma.

1. Giris

21. yiizyilin en 6nemli konular1 arasinda yer alan kiiresel 1sinma ve karbon saliniminin artmasi,
tim dretim sektorlerinde oldugu gibi tekstil sektoriinii daha duyarli bir tiretime yoneltmistir.
Giysilerin tiretim asamalarinda kullanilan elyaf, boyar madde ve su kullanimi bu agidan biiyiik
Oneme sahiptir. Siirdiiriilebilir 1if smnifina giren rejenere seliilozik liflerin kullanimina yonelik
talebin artmasiyla birlikte ekolojik olarak ¢evreye duyarli proses adimlari tercih edilmektedir. Bu
amacla Ecocell (Lyocell) liflerinin iiretim prosesinde kullanilan dogal ¢6zgen olan NMMO (N-
metil Morfolin N-Oksit) kullanimi, proses asamasinda % 99,6 oraninda sistem igerisinde geri
dontistiiriilerek kullanilabilmesi bu iiretim prosesini diger rejenere seliilozik liflere (Modal, Bambu
ve Viskon) kiyasla daha ¢ekici bir elyaf haline getirmistir. Rejenere selulozik liflerden elde edilen
O0rme ve dokuma kumaslarin performans ve konfor o6zellikleri literatiirde bir¢ok aragtirmact
tarafindan arastirilmistir.

Carkit (2012), 70/30 Bambu-Pamuk, % 100 Pamuk, % 100 Modal, 50/50 Modal-Pamuk icerikli
Ne 30/1 iplik numarasinda ring iplik egirme sisteminde Uretilen ipliklerden, stiprem, lacoste ve
ribana 6rgii yapisinda érme kumaslar iiretilmistir. Uretilen kumaslara 130 g/1, 100 g/1, 70 g/I’ lik
NaOH cozeltileri 5, 10 ve 15 dk. boyunca kostik islem uygulanmis. Elde edilen kumaslarin
boncuklanma, patlama mukavemeti ve tuse Ozellikleri incelenerek bambu igeren kumaslarin
boncuklanma dayaniminin % 100 pamuk kumastan daha iyi ancak modal icerikli kumaslardan
daha kotii oldugu tespit edilmistir (1).
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Ala ve ark. (2017) yaptiklar1 ¢alismada, 3 farkli iplik numarasinda (Ne 12/1, Ne 16/1 ve Ne 20/1)
%100 pamuk elyafi igeren iplikler siiprem 6rme kumaslar elde edilmistir. Elde edilen bu 6érme
kumaslara, farkli pH ortaminda antipil enzim uygulanmis ve antipil enzim uygulamasinda pH
derecesinin boncuklanma tizerindeki etkisi aragtirilmistir. Calismaya gore, iplik numarasi ve
kumaslarin ilmek yogunlugunun, kalinlik, hava gecirgenlik ve boncuklanma 6zellikleri iizerinde
etkili oldugu tespit edilmistir. Ayrica, antipil enzim uygulamasinda flottenin pH degerinin,
Ozellikle pH 6’da antipil enzim uygulanmis olan kumaslar i¢in antipil enzim uygulanmamis
kumaslara gore daha iyi boncuklanma degerleri elde edilmistir (2).

Dirgar (2017) galismasinda, %100 viskon, %100 modal, %100 lyocel ve %100 cupro elyaf iceren
Ne 30/1 iplik numarasinda iiretilen ipliklerden yapilmis siiprem O6rme kumaslarin performans
ozelliklerini (gramaj, kalinlik, patlama mukavemeti, asinma direnci, esneme, gozeneklilik, hava
gecirgenligi ve boncuklanma) incelemistir. Gergeklestirdigi calismada, en Yyiksek hava
gecirgenligi sonucunu cupro lifinden iretilmis kumaslarda, en yiksek patlama mukavemeti
degerini lyocel lifi ile iiretilmis kumaslarda ve en yiiksek asinma direnci degerini modal lifinden
Uretilmis kumaslarda elde etmistir. Calismaya gore, ayni1 iplik numarasinda ve 6rme tipinde olan
farkli elyaf igerigine sahip olmasi, kumaslarin fiziksel 6zelliklerini etkileyen 6nemli bir parametre
oldugu tespit edilmistir (3).

Basit ve ark. (2019), %100 Pamuk, %50/50 Lyocel/Modal, %50/50 Lyocel/Viskon ve %50/50
Lyocel/Bambu, liflerini iceren ipliklerden 120 g/m? birim agirliginda bezayag dokuma tipinde
kumas tiretimleri yapilmistir. Kumaslarin mekanik 6zellikleri (¢6zgili ve atki yoniinde ¢ekme ve
yirtilma mukavemetleri, boncuklanma ve aginma direnci) ve konfor 6zellikleri (hava gegirgenligi,
nem yonetimi Ozellikleri ve termal direng) analiz edilmistir. Lyocel/Modal karisimli kumasin,
incelenen tiim karigimli kumaslardan daha yiiksek mekanik (gerilme ve yirtilma mukavemeti,
boncuklanma ve asinma direnci) ve konfor 6zelliklerini (nem yonetimi, termal direng ve hava
gecirgenligi) gosterdigi tespit edilmistir. Ayrica Lyocel/Viskon ve Lyocel/Bambu karisimli
kumaglarin %100 pamuga gore daha iyi mekanik ve konfor ozellikleri test sonucu verdigi
belirlenmistir (4).

Ceven ve Giinaydin (2020), %100 Lyocel, %100 Modal, %100 Cupro ve %100 Umorfil, lifleri
iceren Ne 30/1 iplik numarasinda kompakt iplik egirme sisteminde iiretilen ipliklerden yapilmis
siiprem O6rme kumasglarin termal o6zellikleri (su buhari gecirgenligi, su buhari direnci), hava
gecirgenligi ve patlama mukavemeti gibi performans Ozellikleri incelenmistir. Calismanin
sonuglarina gore, 6rme kumaslarin rejenere seliilozik iplik tipi ve islem tipinin (islenmemis ham
kumas veya boyali kumas) performans 6zelliklerine etkisinin oldugu belirtilmistir. Ayrica rejenere
seliilozik liflerin yani sira yeni gelistirilen kolajen peptit katkilt Umorfil lifinin de spor giysiler
i¢in 6rme kumaslarda kullanilabilecegini ve konfor test sonuglariyla tespit edilmistir (5).

Bu ¢alismada, %100 Ecocell, %100 Modal, %100 Bambu ve %100 Viskon elyaf iceren Ne 30/1
iplik numarasinda Ring ve Vorteks iplik egirme sistemlerinde iiretilen ipliklerden siiprem 6rme
kumas yiizeyleri olusturulmustur. Elyaf tipinin ve iplik iiretim tekniginin etkisini incelemek
amaciyla, gramaj, kalinlik, ¢cap, may sayisi, hava gegirgenligi, porozite ve boncuklanma 6zellikleri
test edilmistir.
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2. Materyal ve YOontem

2.1. Materyal

Bu calismada, ekolojik lifler sinifina giren, Ecocell, Modal, Bambu ve Viskon liflerinden %100
oranlarinda vorteks ve ring iplik egirme sistemlerinde iplikler iiretilmistir. Calisma kapsaminda
kullanilan liflerin &zellikleri (incelik : TS EN ISO 1973, kopma mukavemeti ve uzamasi: TS EN
ISO 5079:2021, nem igerigi ASTM D2654 standartlarina gore yapilmistir) Tablo 1’de
gosterilmistir.

Tablo 1. Kullanilan liflerin ozellikleri

zellik . . o Kuru Yas
\ I(I:ji:l):;( U(Zrtrj]rr]#)jk Y((é g/grl:]l;)lk U(z(;)r;a Mukavemet  Mukavemet 'Elf/or;'
Elyaf (cN/tex) (CN/tex)
Ecocell 131 38 1.50 12,9 37,5 32,2 9
Modal 1.33 38 1.53 12,8 32,3 19,0 9
Bambu 1.30 38 1.32 18,3 24,5 14,1 9
Viskon 1.31 38 1.52 16,5 22,7 11,6 9
2.2.YOntem

Ring ve vorteks iplik egirme sistemlerinde, Ne 30/1 iplik numarasiyla Uretilen ipliklerin Gretim
parametreleri Tablo 2’de verilmistir.

Tablo 2. iplik iiretim parametreleri

Ozellik Ring Vorteks
Cikis hiz1 (m/dak.) 20 500
Cekim 60 150
Ig hiza (rpm) 16.000 -
Bilezik capi (mm) 38-40 -
Nozzle tipi - M1 eco
Spindle i¢ ¢cap1 (mm) - 1,2
Hava basinc1 (MPa) - 0,55 bar
Spindle uzakhg (mm) - 20

Iplik numuneleri test edilmeden once, 20+2 °C sicaklikta ve 65+4% bagil nemde 24 saat
kondisyonlanmistir. Iplik kopma mukavemet ve uzama olgtimleri TS EN 1SO 2062 standardina
gore Uster® Tensorapid cihazi kullanilarak, her bir iplik tipi ig¢in 5’er kopstan 400 m/dk hiz ile
500 mm o6l¢iim uzunlugunda gergeklestirilmistir. Iplik diizgiinsiizliigii ve iplik hatalar1 TS 2394
ISO 2649 standardina gore Uster® Tester 4 cihazi ile gergeklestirilmistir. Hata endeksi iplikte +50
kalin yer, -40 ince yer ve +200 neps’in kiimiilatif toplamini ifade etmektedir. Calisma kapsaminda
iplik hatalar1 “hata endeksi (IPI)” olarak incelenecektir.

Corap 6rme makinesinde Uretilen 6rme kumaslar 20 fine, 3,5 pus, LFA: 38 cm de, siklik
faktori:1,16 ve 25 devir/dk’ da tiretilmistir. Stiprem 6rme kumas numunelerine, Birim Agirlik ve
Kalinlik tayini; “TS 251 standartlarina gore kumas birim agirligi ve “TS 7128 EN ISO 5084~
standartlarina gore kalinlik test Olclimleri gergeklesmistir. Cap Olcimi Leica S91 sterio
mikroskopta yapilmistir. Hava gecirgenligi testi i¢in; “TS 391 EN ISO 9237” standartlarina gore
5 tekrarli Glgimler, 100 Pa basing altinda 5 cm2’lik alan iizerine yerlestirilen numunelerin
Olcimleri yapilmistir. Boncuklanma testi icin; “TS EN ISO 12945-2” standartlarinda 14 cm
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capinda kesilen numuneler standart siinger ile desteklenerek tutuculara yerlestirilmistir. Orgii
kumaslar i¢in 9 kPa agirlik altinda 2000 devirde numunelerin boncuklanma testleri yapilmistir.

3. Bulgular ve Tartisma

3.1. Iplik Test Sonugclar

Ipliklerin ortalama iplik mukavemeti, uzamasi, diizgiinstizliik, hata endeksi degerleri Tablo 3’te
verilmigtir.

Tablo 3. Iplik Test Sonugclart

Numune Uretim .. Mukavemet Uzama |
No  Sistemi Elyaf Tipi (kgF*Nm) (%) U% CVm IPI

1 Ring | 2857 993 911 1149 325
2 Vorteks 0100 Ecocell oo, 001 892 1126 475
3 Ring 2476 1185 865 1091 375
4 Vorteks °100Modal —ohe T9U9 956 1205 235
5 Ring | 1583 1382 1083 1367 156
6  Vorteks 0100Bambu lee 979 1062 1339 255
7 Ring | . 1759 1487 916 1156 525
8  Vorteks 0100Viskon —ig'gs ‘961 967 1219 80
5 Lif Cinsi iplik Uretim Teknigi
,E\ZS
gzo \.
E
Sekil 1. Mukavemet test grafigi
Lif Cinsi iplik Uretim Teknigi
g 1
E_‘IO

Sekil 2. Uzama test grafigi
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Alinan test sonuglaria gore 20 RKM degeri ortalama sonug olarak kabul edilmis ve %100 Ecocell
elyafi ring ve vorteks egirme sisteminde de ortalamanin ¢ok iistiinde sonuglar vermistir. En diistik
sonuglar bambu ve viskon elyafina ait ipliklerden alinmistir. Elyaf tipine gore en yiksek uzama
sonuglar1 ise %100 Bambu igerikli ipliklerden elde edilmistir. Iplik mukavemeti ve uzama
degerleri, elyaf mukavemeti ve uzama degerleri ile dogrudan iliskilidir. Elyaf mukavemetinin
(Ecocell 37,5 cN/tex) iplik mukavemet degerlerine (%100 Ecocell Ring 28,7 RKM ve Vorteks
27,42 RKM) etki ettigi sonuglarin1 desteklemektedir.

Lif Cinsi iplik Uretim Teknigi

Diizginsiizliik (%Cvm)
®
w

ns

Ecocell Modal Bambu Viskon Ring Vortex

Sekil 3. DuzgulnsuzIUk test grafigi

Duzgunsuzlik (CVm%) degerini iplik iiretim parametrelerinin yani sira elyaf morfoloji, krimp
teknigi, elyaf iiretim tekniginden etkilenmektedir. Vorteks egirme teknigi, ring egirme teknigine
gore daha yiiksek diizgilinsiizliik sonuglar1 vermistir. En iyi sonuglar her iki egirme teknigi i¢in de
%100 Ecocell ile iretilen ipliklerde olup en diizgilinsiiz yapmin bambu ile tretilen ipliklerde
oldugu goriilmiistiir. Yeknesakligi kot alinan liflerin  kuagiilasyon banyosunda c¢ekimi
tamamlanmis olan viskon ve bambu lifleri oldugu diistiniilmektedir. %100 Ecocell ipliklerin diger
rejenere seliilozik ipliklere kiyasla daha diisiik diizgiinstizliik sonuglar verdigi kaydedilmistir.

Lif Cinsi iplik Uretim Teknigi

200

T 150
X7
~
[]
T
c
w
]

o 100
I

50

Ecocell Modal Bambu Viskon Ring Vortex

Sekil 4. Hata Endeksi test grafigi
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IPI hata endeksi sonuglari, diizgiinsiizliik sonuglarina paralel olarak bambu lifinden {iretilen
ipliklerde daha yiiksek goriilmiis, en iyi sonuglarin ise modal lifinden yapilmis ipliklerde oldugu
gbzlemlenmistir.

3.2. Orme Kumas Test Sonuclari

Hava Gegirgenligi

Orme veya dokuma kumaslarin hava gegirgenlik &zellikleri, elyaf tipi ve iplik numaras1 basta
olmak tizere, kumas kalinligi, orgii tipi, kumas sikligi ve goézenekliligi gibi birgok yapisal
Ozellikten etkilenmektedir (2). Hava gecirgenligi nem/terleme ile olusan buharin tenden
iletilmesinde 6nemli bir kumas konfor faktoriidiir (6). Numunelerin kalinlik, iplik ¢ap1 ve hava
gecirgenlik degerleri Tablo 4’te verilmistir.

Tablo 4. Hava Gegirgenligi Test Sonuglari

Nulr\ln(;me Uretim Sistemi  Elyaf Tipi I((z:rl]lrlrl]l)lk Hava ((r}neri:]llrgenhgl Ipl(lrl;rg;lpl
% VF;:Pegks %100 Ecocell 81% ﬁgﬁs O'13,9185
s vomks  WM00Modal 78 e Oims
o Vo 'I00Bambu 028 Glre  onen
7 Ring 0 . 0,64 4477,67 0,168
8 Vorteks 0100 Viskon o) 4193,05 0,165

5000 Lif Cinsi iplik Uretim Teknigi
,E4800
£
E
,§., 4600
54400
k
4200
4000
Ecocell Modal Bambu Viskon Ring Vortex

Sekil 5. Hava Gegirgenligi test grafigi

Yapilan test sonucunda kullanilan iplik egirme sisteminin ve karisim o&zelliklerinin hava
gecirgenligine etkisi incelenmistir. Buna gore kullanilan iplik egirme sistemleri incelendiginde,
ring makinesiyle iiretilen kumaslarin hava gecirgenliginin vorteks makinesiyle {iretilen
kumaslardan daha yiksek oldugu tespit edilmistir. Bukiim morfolojisinin énemli bir faktér oldugu
diistiniilmektedir. Farkli 1if tiirleri, farkli iplik caplar1 olusturmus ve dolayisi ile farkli gézenek
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yapilart elde edilmistir, bu ise farkli hava gegirgenllik sonuclar1 elde edilmesine sebep olmustur.
En yiiksek hava gecirgenligi degeri, en diisiik ¢apa sahip bambu lifleri ile elde edilmistir. En diistik
hava gecirgenligi degeri en yiiksek cap degerine sahip modal liflerinden oriilmiis kumasta tespit
edilmistir.

Porozite

Gozeneklilik, bosluk hacminin toplam malzeme hacmine oranidir. Kumas gozenekliligi,
gecirgenlik ozelliklerini dogrudan etkiler. Gozeneklilik, Sikilik, kumas tipi, iplik yapisi, gibi
parametrelerden dogrudan etkilenir (7)

Porozite 6lclimii (8);
Esitlik 1’e gore porozite degerleri hesaplanmuistir.

2
e=1- d“lcw (1)

2t

Burada e -g6zeneklilik, d-iplik ¢api, 1-ilmek uzunlugu, c-may sayisi, w-gubuk sikligy, t-kalinlik.
Iplik yogunlugu olarak. Sonuglar Tablo 5’te verilmistir.

Tablo 5. Hava Gegirgenligi Test Sonuglari

.. | Tplik Uretim | iplik Capr Ilmek Kahnhk Gramaj .
Bl Teknigi (mm) | Uzunlugu (mm) epe | wpe (mm) (gr/m?) PO
%2100 Ecocell Ring 0,189 3,8 115| 9 0,72 93 0,69
%100 Ecocell Vorteks 0,185 3,8 14 | 10 0,73 95 0,61
%100 Modal Ring 0,200 3,8 12 | 11 0,73 94 0,57
%100 Modal Vorteks 0,186 3,8 14 | 12 0,75 102 0,54
%100 Bambu Ring 0,161 3,8 11 | 8,5 0,64 88 0,77
%100 Bambu Vorteks 0,161 3,8 14 | 9 0,66 89 0,70
%3100 Viskon Ring 0,168 3,8 12 | 8,5 0,64 89 0,73
%100 Viskon Vorteks 0,165 3,8 14 | 9 0,72 92 0,72
Lif Cinsi iplik Uretim Teknigi

0,75

0,70

g 0,65

0,60

0,55

Ecocell Modal Bambu Viskon Ring Vortex

Sekil 6. Porozite grafigi
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Modal iplik ile tiretilen kumaslar en az gézeneklilik degerine sahiptir. En ylksek gozeneklilik ise
bambu lifleri ile iiretilen kumaslara aittir.

Gozeneklilik grafikleri hava gecirgenligi ile paralel sonuglar vermistir. Pearson korelasyonu 0,781
olarak hesaplanmustir.

Boncuklanma

Boncuklanma, kumasin yapisinda bulunan liflerin iplik veya kumas yapisi igerisinden ¢ikarak
kumas yiizeyine yiikselmesi sonucunda tuseyi de etkileyen gériintii bozuklugudur. Ozellikle drme
kumaslar 6rgili yapisindan kaynakli, dokuma kumas yiizeylerine kiyasla daha fazla boncuklanma
egilimindedirler. Numunelerin birim agirlik ve boncuklanma degerleri Tablo 6’te verilmistir.

Tablo 6. Boncuklanma Test Sonuglari

Numune U'retim' Elyaf Tipi Boncu klan'ma
No Sistemi Derecesi
> o9 9100 Ecocell o
?1 VE:Pegks %100 Modal 13
g VE:Pegks %100 Bambu 13
273 VE:Pegks %100 Viskon 13

Yapilan test sonucunda rejenere seltiloz icerikli tim lif tdrlerinin ham kumas pilling degerlerinin
ayni oldugu goriilmiistiir.

4. Sonuclar

Calismanin amaci, siirdiiriilebilir ve biyobozunur 6zelliklere sahip olan, %100 Ecocell, %100
Modal, %100 Bambu ve %100 Viskon elyaf igeren Ne 30/1 iplik numarasinda Ring ve Vorteks
iplik egirme sistemlerinde iretilen ipliklerden siiprem Orme kumaslarin hava gegirgenlik,
gozeneklilik ve boncuklanma 6zellikleri Uzerindeki etkilerini analiz etmektir. Bu amagla dncelikle
uretilen ipliklerin mukavemet, uzama, diizglinsiizlik, hata indeksi, kalinlik, gramaj, iplik ¢ap1, may
sayilar 6zellikleri incelenmistir.

Genel bir degerlendirme yapildiginda en yiiksek mukavemet ve uzama degerlerinin, lif mukavemet
ve uzama degerlerine paralel olarak Ecocell lif iceren ipliklere ait oldugu gortilmektedir. En diisiik
hava gecirgenligi degerinin Modal lif ile iiretilen kumaslarda oldugu goriismiistiir. Ham kumaslar
tizerinde yapilan pilling 6l¢iimlerinin tiim lif tiirlerinde ayni oldugu gézlemlenmistir.
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Abstract

From its devepolpment in 1940s to now, Polyester fibers became one of the most used fiber types in textile
industry. It has lots of properties which make it suitable to build clothings as well as fabrics that can be
used for their technical functions. In this study, some of the characteristics and properties of commercial
polyester fibers which yarn producers use were investigated. For this reason, 4 different polyester fibers
were evaluated in terms of their characteristics and properties. XRD tests were carried out and some
physical properties of fibers were used in selection of the most suitable fiber type for yarn production.

Keyword: polyester, characterization, fiber properties, product properties.

1. Introduction

Fiber properties are one of the most important factors that determine the properties of the product
produced from it. Other factors are generally related to the process and the differences in the
applied processes also affect the product properties. Therefore, in order to develop a suitable
product for the need, it is necessary to select the appropriate raw material, determine the systems
in which this raw material will be processed most appropriately, and make the settings in these
systems depending on the planned product.

The development of polyester, one of the most used fibers in textile industry, took place in 1940s,
after a series of research carried out by different scientists. Those days, they named this fiber
“Terylene” or “Dacron”, as the Dupont used [1]. Its “Low cost, convenient processability, ease of
blending with cotton and other natural fibers, convenient recyclability, and excellent and tailorable
performance” are the reasons why this fiber type has a great importance for textile manufacturers
[2]. However, there are lots of producers for polyester fibers all over the world these days and even
the fundementals of its production are the same, some properties may differ from fiber to fiber.
Therefore, although they will use the same fiber in practice, the textile manufacturer who will use
polyester fiber should have information about the fiber purchased, use the data from the fiber
manufacturer and their own analysis, and choose the fiber that will create the best effect for the
product and cause minimum disruption in its production.

In this study, different polyester fibers obtained from different producers were comparatively
investigated. In order to do this, our initial work was characterization of the fibers. After that, some
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properties of the fibers were analysed. The aim was to understand “what to look for in these
fibers?” to obtain the results desired.

2. Materials and Methods

We obtained four different commercial polyester fiber types from local and foreign producers. We
named these fiber as “P1, P2, P3 and P4”. Some of the basic properties of these fibers —which
were tested according to the standards- were given by the fiber producers. However, the first thing
handled was characterization of the fibers. Therefore, XRD tests were done. (Table 1).

Table 1. Test Standards
Test Standard
Linear Density TS EN I1SO 1973

Breaking Strength, TS EN 1SO 5079:2021
Breaking Elongation

3. Results and Discussion

In this study, properties of commercially available polyester fibers were investigated. For this
reason, initially, XRD test was carried out. According to the results of XRD tests, crystallinities
(%) of these were calculated. These results are given in table 1.

Table 2. Crystallinity of the fibers

Fiber type Crystallinity (%)
P1 47.93
P2 54.96
P3 47.74
P4 52.44

Properties of the fibers are affected by how the macromolecules are located in the fiber structure.
There are crystalline and amorphous regions in the fiber. The percentage of the crystalline regions
is called crystallinity (%). Drawing speed in fiber production affects crystallinity of polymer fibers
[3]. According to the calculated crystallinity results 2 of the tested fiber types had crystallinity
over 50% and 2 of them below it. This results can affect properties like strength, elongation,
stiffness and dye-uptake [4], [5]. XRD graphs of the polyester fibers are given in Figure 1. These
graphs shows us that these for fibers are from the same material (peaks are at the same degree),
however the their intensities are different, meaning these fibers have different crystallinities, as
before mentioned.
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The physical properties of the four types of polyester fibers are given in Table 3.

Figure 1. XRD Results

Table 3. Fiber Properties (mean)

Properties Unit P1 P2 P3 P4

Linear Density denier 1,51 1,4 1,45 1,37
Breaking Strength gpd 5,29 51 6 6,48
Breaking Elongation % 40,48 30 27 21,69
Mean Length mm 40 38 38 38,1

According to the results, polyester fibers produced by different companies have different
properties (Table 1). The main focus of the textile manufacturer that will use these fibers in their
goods should be “which properties are the most important one for my product?”. In case of

breaking strength, P4 polyester fibers have the highest results, while P2 fibers have the lowest.
This is an important feature of textile fiber, because the strength of the fiber also effects the strength

of the product its used in. If we are speaking about a yarn producer, 30%-70% of yarn tenacity

comes from the strength of the fiber [6], [7].
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Figure 2. Breaking strength (g/den) and breaking elongation (%) results

Linear density and fiber length are the two properties that can be arranged according to the
customer’s needs. In our example, in between the four different polyester fibers, mean length
results of the fibers are similar except P1. There are statistically important differences between the
linear density results of the polyester fiber types (p<0.05). This difference means a lot, again for
yarn producers. Using finer fibers means more fiber count on cross-section of the yarn, and it
results with higher tensile strength on yarns with same twist coefficient. Moreover, twist
coefficient can be lowered and it results with improved handle properties in fabrics.

Figure 3. AHP Method

Considering that a yarn manufacturer produces polyester yarn and produces this yarn using ring
spinning system, the Analytical Hierarchy Process (AHP) method is used to decide which
polyester type to be selected by the producer . This method, developed by Saaty, allows the
qualitative estimates elicited from experts to be converted to quantitative ones [8]. Opinions of 5
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experts were taken for the criteria matrix created. With this method, fiber properties are weighted.
As a result of the analysis, it was determined that the ring yarn manufacturer should pay attention
to the strength first and then the fiber length in the selection of polyester material. Breaking
elongation was determined as the least important fiber property in the selection. Therefore, in such
a decision, the yarn manufacturer can perform the fiber selection by applying a similar method and
prioritizing the weights of different fiber properties. For our study and the fiber types we
purchased, P4 polyester type is the most suitable fiber type between our samples.

Table 4. AHP criteria matrix

_— Breaking Strength Breaking Elongation Mean Length  Linear Density .
Criteria (g/den) %) (mm) (den) Weight

Breaking Strength (g/den) 1 5 2 2 0,44
Breaking Elongation (%) 0,2 1 0,25 0,33 0,07
Mean Length (%) 0,5 4 1 2 0,29
Linear Density  (den) 0,5 3 0,5 1 0,19

Amax 4,0544506

Consistency index (CI) 0,018

Consistency ratio (CR) 0,0205785

4. Conclusions

In this work, it was aimed to determine what does yarn producer have to ask from polyester fibers,
before purchase. For this reason, different properties of fibers gathered from different producers.
Some tests were carried out for characterization and determining the physical properties of the
fibers. According to the results, it is possible to mention that, even the fundamentals of production
of these fibers are the same, the outcomes are different. This may be caused by using different
parameters during production. Especially, fiber characterization in these fibers are important for
the product properties. Even in these four different fiber types, we have seen diferences in fiber
crystallinity, which effects strength, elongation, stiffness and dye-uptake. Moreover, we have used
AHP method to ease the fiber selection period which have different aspects that can effect the yarn
quality.
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Abstract

The textile industry is one of the world’s largest and fast-growing sectors. It is the meeting point
of many related industries that rely on natural (cotton, wool, flax, silk, etc.) and/or man-made
(synthetic) (acrylic, polyester, nylon, etc.) fibers. The worldwide textile market reached a worth
of USD 993.6 billion in 2021 and was anticipated to grow at a compound annual rate (CAGR) of
4.0% from 2022 to 2030. During the production of textile products, a large amount of energy,
water, and chemicals are utilized in addition to the generation of a large number of soft wastes. In
recent years, acrylic fiber has gained a lot of recognition globally since it shares similar properties
with wool fiber, however, its environmental impact is immense because acyclic wastes aren’t
biodegradable and they can remain in the environment for up to 200 years and a huge amount of
carbon dioxide and toxic chemicals is accompanied with its production. As a result of the factors
mentioned above recycled textile products are of great importance because it minimizes harm done
to the environment and helps resolve the planet’s resources since recycling consumes less energy
than the production of a new product and reduces the number of wastes sent to the landfills. The
study aims to contribute to sustainability by expanding the use of recycled products and including
products that are originally unusable textile wastes in the production line and delivering them to
the buyer. To do so high bulk acrylic yarn with a count of 7.5 Nm with the following blending
ratios [(100% conventional acrylic, 0% recycled acrylic)/(85% conventional acrylic, 15% recycled
acrylic)/(70% conventional acrylic, 30% recycled acrylic)/ (55% conventional 45% recycled
acrylic)] were produced and a comparison between conventional acrylic yarn and blends that
contain both conventional and recycled acrylic is to be conducted according to the hairiness,
strength, and Uster test (unevenness, CV) of the obtained samples.

Keywords: Conventional acrylic, recycle acrylic, sustainability, strength, hairiness, unevenness.

1. Introduction

Environmental harm has recently become one of the most important issues around the globe and
the increased public awareness has forced a lot of industries to change and the need to implement
recycling into the production plan has become significant. One of the most important yet have
huge negative impact on the environment is the textile industry which has been growing rapidly
and enormous growth is expected in the coming years. Fibers are of great importance among textile
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products since they are the main source for yarn production. Fibers are classified into two groups
Natural and Man-made fibers. Natural fibers are divided into 3 different categories: Plant (Cotton,
Flax, wool, silk et...). Nylon, Polyester, Acrylic, Rayon, and Carbon fibers are among the most
important synthetic fibers. Each one of these fibers possesses unique properties that make it
desirable, however, what makes acrylic fiber one of the most important synthetic fibers is that it
replicates the properties of the natural wool fiber, and due to this reason, the acrylic fiber
production and market share have increased tremendously in the past few years. During the
production processes of acrylic fiber, a large amount of waste is generated. This waste is a non-
degradable waste and can remain intact in the environment for a very long time therefore the
recycling of these wastes is becoming very common and the number of textile recycling companies
is increasing. Recycling can be categorized into three main technologies, mechanical, chemical,
and biochemical [1-5].

For acrylic fiber, chemical recycling is the most appropriate method of recycling and very few
studies have been posted online regarding this matter, [9] came up with a novel method to convert
acrylic fiber waste obtained from the manufacturing process to acrylic powder that can be used as
acrylic fiber raw material and can be mixed with virgin material to produce yarn with properties
that are 100% similar to the conventional acrylic yarn. However, not all recycled yarns have the
same properties as conventional acrylic yarn, which depends mostly on the recycling method. The
reason for mentioning this is that people hesitate to buy textile products that are recycled (or
products produced from blends of recycled and conventional fibers/yarns) and that is because some
people came to the conclusion that recycled products are far worse than the original products since
they are made mostly from used materials, and to some extent, these claims are true because some
fibers experience a loss of strength and other properties. However, this doesn’t mean the recycled
products are bad or unusable and even though a loss of quality can be present, it should be
considered a small price that all of us should pay to sustain and preserve what is left of the
environmental resources for us and the upcoming generation. So hairiness, strength, and Uster test
(unevenness, CV) were examined to see the differences in performance characteristics between
conventional acrylic and recycled acrylic more clearly [6,7,8].

2. Material and Method

2.1. Material

In these studies, the use of recycled acrylic fiber and 7.5 NM yarns with conventional acrylic fiber
additives and their usability as tops in knitted fabrics and some of their performance properties
were investigated. Yarn count, knitting type and density parameters used to be examined in the
study were kept constant. The samples were produced raw, unpainted.

7.5/1 NM yarns were used in the samples. There are differences in the mixing ratios of these yarns.
As seen in Table 1, the contents [(100% conventional acrylic, 0% recycled acrylic)/ (85%
conventional acrylic, 15% recycled acrylic)/(70% conventional acrylic, 30% recycled acrylic)/
(55% conventional 45% recycled acrylic) acrylic)], 4 samples were produced. Mixing ratios were
provided while the products were still in fiber form, and the yarn numbers were kept constant.
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Table 1 Conventional acrylic and recycled acrylic mixing ratios of the samples.
Samples Name Conventional Acrylic Recycle Acrylic

FCA %100 %0
75/1NM MCA %85 %15

MRA %70 %30

FRA %55 %45

Different sample names are given for more descriptive purposes for samples with different
contents. Sample names are shown in Table 1.

2.2. Method

7.5/1 NM yarns were used in the samples. The contents of these yarns [(100% conventional acrylic,
0% recycled acrylic)/ (85% conventional acrylic, 15% recycled acrylic)/ (70% conventional
acrylic, 30% recycled acrylic)/ (55% conventional 45% recycled acrylic)] is in the form. Hairiness,
strength, and Uster test (unevenness, CV) tests were performed on the samples obtained. The tests
and test standards performed are given in Table 2.

Table 2 Test and standards.
Test Standard Tester
Yarn Strength EN ISO 2062 Titan 2 Strength Tester
Unevennes (uster) TS EN ISO 2062 Premier Test 7000 Device

Figure 1 Test machines; a) Premier Test 7000 Device, b) Titan 2 Strength Tester.

Figure 1 shows the devices on which the samples were tested. While performing the tests, Jasmes
Heal Titan Universal Strength Tester was used for the yarn strength test and 10 measurements
were taken from each sample. In the unevenness test, hairiness measurements of the sample yarns
were carried out on Uster Tester 5 devices.

3. Result and Discussion

As seen in Figure 2 and Figure 3, tensile strength and breaking elongation test results are given.
The sample with the best tensile strength is seen as the FCA sample. FCA sample consists of
100% conventional acrylic fiber. Although there is not much difference between breaking
elongation values, the lowest value is still in FCA sample.
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Figure 2 Tensile strength test results.
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Figure 3 Breaking elongation test results.

As seen in Figure 4 and Figure 5, the unevenness test results are given. It is observed that the test
results give close results to each other.
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Figure 4 Unevennes [CVm (%)] test results.

127 https://ticmet.org  ~----rwem----



Unevennes [Um (%)]

6,5
=6
55
<5
£ 45
5
P
€25
S 2
S 15
S 03
50,

0

FCA MCA MRA FRA

SAMPLES

Figure 5 Unevennes [Um (%)] test results.

Hairiness test test results applied to the samples are given in Figure 6. When the hairiness test
results are examined, it is observed that the hairiness increases as the recycled acrylic ratio
increases between the samples.

USTER HAIRINESS (H)

4
2
0
FCA MCA MRA FRA

SAMPLES

USTER HAIRINESS (H)

B USTER HAIRINESS (H)

Figure 6 Uster hairiness test results.

4. Conclusion

A number of tests were carried out on conventional acrylic and recycled acrylic blended yarns.
When these tests are examined in detail, it is observed that the test results decrease as the ratio of
recycled acrylic decreases in tensile strength. The reason for this is that this value is expected to
decrease due to the fact that recycled acrylic has been treated before. Although the elongation at
break test results are close to each other, when examined in detail, it is seen that the recycling
acrylic ratios and elongation at break values give higher results. Unevennes test results are
indicated in the test results. In the Unevennes test results, values close to each other were obtained
and it was observed that there were no significant differences. When the hairiness test results were
observed, the hairiness ratio increased as the recycled acrylic ratios increased between the samples.
The reason for this is that since the recycled acrylic has gone through many processes before,
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wears on the fiber and since the fiber has been processed before, it is predicted that the fiber ends
protrude outward and provide diversity. Therefore, as the recycled acrylic ratio increases, it is a
possible result that the hairiness ratio will increase. As a result, considering that there are not many
differences between recycled acrylic and conventional acrylic for the properties examined, it
becomes a good option for potential final customers, considering the contribution of using recycled
acrylic to sustainability.
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Abstract

The textile sector is of great importance in Turkey as well as in the rest of the world. The textile
sector is an area with a very wide spectrum in the industry. Among these areas, acrylic spinning
sees great request. Due to the loss of interest owing to the cost of wool fiber, acrylic fiber, which
is equivalent to it, offers a good choice for the consumer as supply and demand. Recently, due to
the need for wool, acrylic fiber is mixed with different fiber types to produce a wide variety of
acrylic blended yarns. Elastane blended acrylic yarns are highly preferred due to both their
performance features, touch and effect they provide. Among these properties in elastane blended
acrylic yarns, it is of great importance due to the softness and smooth surface it provides to the
touch. This is achieved by the softening processes applied to the fibers or yarns. Softening
processes can take place in many different ways. In this study, hank softening, tow (chemical)
softening and steam softening processes are discussed. The aim of the study is to obtain the same
product of the same quality by reducing the energy, labor and increasing efficiency arising from
the process costs in softening processes. In this regard, samples with a high bulk content of 20/2
Nm (85% acrylic, 7% polyamide, 8% polyester) are handled. It is aimed to compare these samples
by applying the softening process in three different forms [hank softening, tow (chemical)
softening and steam softening]. It is aimed to evaluate the results by looking at the uster test
(unevenness), touch, brightness, air permeability and strength values of the produced samples.

Keywords: Elastane blended acrylic yarn, softening process, process improvement, touch,
performance properties.

1. Introduction

The softening process applied in textile finishing processes has a very important place due to the
customers' expectation of a good attitude from textile products in general [2-3]. It is known that
most of the dyeing and finishing processes take place in the finishing processes, while 35% of
these finishing processes are realized in the softening processes [7]. Softening processes affect the
fabric handle positively. Fabric attitude is a parameter that determines the quality of the fabric and
the quality of the textile products based on the feelings that the person feels when he touches the
fabric [5]. There are many parameters that affect the fabric handle. These parameters can include
the raw material of the product, yarn, fabric structure, fiber type and applied finishing processes
[6]. The purpose of using softener in textile products is to provide a soft touch to the fiber removed
during the pre-treatment stage, to regain the soft touch lost due to the elimination of substances
such as oil, wax, pectin in natural fibers and the preparation materials in synthetic fibers, and even
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to obtain a softer surface [4,7,8]. Softener chemicals bring many positive properties to the fabric.
Among these features, it provides a positive effect on many features such as flexibility, fullness,
draping, abrasion resistance, pilling resistance, static electricity and comfort [8-12].

The softening method is as important as the great importance that softeners provide for a textile
product. As it is known, softening processes can be applied to textile products in different forms.
While softening can be applied in the form of fabric, softening processes can also be applied to
the yarn and fiber form. It is known that the method used as well as the softener used is an effective
and decisive parameter on the fabric. Based on this, a textile company tries to give the products a
volume and soft touch by applying tow fiber (chemical) softening, hank-form (yarn) softening and
steam swelling (yarn) softening processes. It was decided to use elastane mixed acrylic yarn as the
product. Handle and softness are important in such final products due to the widespread use of
acrylic fiber and generally knitwear and similar products. In addition, flexibility in knitwear is as
important as the handle, and this flexibility is usually provided with elastane.

There are process differences between the softening methods to be used. There are methods that
have a lot of workload in terms of this process difference and operation. In this study, it is aimed
to reduce the process that takes place too much without sacrificing product quality. In this context,
three different softening methods are emphasized. Among these methods, chemical softening is
carried out by placing the products in large dye machines and softening them with chemicals while
they are still in fiber form. In hank softening, after the product undergoes all dyeing and textile
processes, it is brought into hank form while in yarn form and subjected to softening processes in
hank softening machines. In the steam softening process, after the product is dyed and textile
processes, it is softened by volumizing with water vapor in a superba machine at a certain
temperature just before the shipment process.

2. Material and Method
2.1. Material

Table 1 Yarn contents, yarn number and softening method of the samples.
Sample Names Yarn Count And Content  Softening Methods

HS Hank Softening
20/2 NM [%85 acrylic, %7
T polyamid, %8 polyester]

SS Steam Softening

Tow Softening

In this study, as seen in Table 1, 3 different softening methods [hank softening, tow (chemical)
softening and steam softening] were applied to elastane mixed acrylic yarns and samples with the
same yarn count and same content were obtained after 3 different softening processes. In the
section in Table 1, the sample names, HS denotes hank softening, TS denotes tow softening, and
SS denotes steam softening.

It is the softening process, which has 20/2 Nm (85% acrylic, 7% polyamide, 8% polyester)
contents, which were first applied to the hank softening process on 3 different samples obtained in
the study, and which is transferred to the hank transfer machines when they are in the yarn form
and carried into the hank form. The second sample is 20/2 Nm (85% acrylic, 7% polyamide, 8%
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polyester) in which the tow (chemical) softening process has been applied, and the softening
process has been applied while it is in fiber form in large dye machines. Thirdly, in the steam
softening process, the yarn with 20/2 Nm (85% acrylic, 7% polyamide, 8% polyester) contents is
fed along the machine line with water water at a speed of 360 m/min at 95 °C in the machine called
SUPERBA and softened with steam inflation method. Detailed workflow diagrams of these
smoothing methods are given in Figure 1.

a. b. C.

Figure 1 Work flow charts of softening processes; a) hank softening, b) tow softening, ¢) steam
softening.

In tow softening, it is softened at 55-60 C for 1 hour in large paint machines. Temperature and
time can vary according to the type or amount of fiber. This is how the tow softening process takes
place.

In the hank softening process, as in tow softening, the softening process takes place at 55-60 C for
1 hour. The softening process takes place in fixed hank dyeing machines.
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Although softened yarns are obtained in the product final in the softening processes applied, they
are very different from each other as a process. As can be seen in Figure 1, the process and work
flow in hank smoothing is quite long and tedious, which means extra cost and labor. In the
chemical softening process, the softening process is given at the beginning and the workflow is
very short. In the steam softening process, the softening process is done just before the shipment,
that is, the products are softened at the last point after passing all the stages. While each softening
process has advantages in these three different flows, it is investigated which method provides
advantages in terms of product quality and cost, and which softening is the optimum softening
process.

2.2. Method

20/2 NM vyarns are used in the samples. The contents of the yarns used are produced as [85%
acrylic, 7% polyamide, 8% polyester] and these yarns have undergone 3 different softening
processes. These smoothing processes are as follows; hank softening, tow (chemical) softening
and steam softening. Performance evaluations were made by looking at the unevenness, touch,
brightness, air permeability and strength values of the samples obtained.For the air permeability
test, sample yarns were knitted in plain weave. The samples were knitted on a 12-number manual
sample knitting machine.

Table 2 Test and Standarts.
Test Standard Tester

Yarn Strength EN ISO 2062 Titan 2 Strength Tester
Air Permability TS 391 EN ISO 9237 SDL Atlas
Unevennes (uster) TS EN ISO 2062 Premier Test 7000 Device

Figure 2 Test Machines; a)SDL Atlas, b) Titan 2 Strength Tester, ¢) Premier Test 7000 Device.

Figure 2 shows the devices on which the samples were tested. While performing the tests, Jasmes
Heal Titan Universal Strength Tester was used for the yarn strength test and 10 measurements
were taken from each sample. For the air permeability test, the samples were applied in the M
021A air permeability test device of SDL-Atlas company, based on the TS 391 EN ISO 9237
"Determination of air permeability in textile fabrics" test standard, with a pressure drop of 100 Pa
and an area of 20 cm2. In the unevenness test, hairiness measurements of the sample yarns were
carried out on Uster Tester 5 devices. It is numbered from 1 to 5 by different operators for touch
and brightness. (1 no worst 5 exchanges)
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3. Result and Discussion

Figure 3 and Figure 4 shows tensile strength and breaking elongation test results. It is observed
that the test results are close to each other, but when examined in detail, it is observed that hank
softening gives worse results than the other two softening methods.
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Figure 3 Breaking elongation test results.
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Figure 4 Tensile Strength Test Results.
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Figure 5 Unevennes (CVm %) test results.
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Unevennes test results are given in Figure 5 and Figure 6 . When looking at the unevenness test,
all three softening methods give similar results. It can be obtained that softening methods are not
an effective parameter on unevenness.

Unevennes [Um(%)]

5,65
5,6
- .
5,5
TS HS SS
Softening Methods

Unevennes [Um(%)]

Figure 6 Unevennes (Um %) test results.

Air permeability test results can be observed in Figure 7. When the air permeability test results are
examined, it is observed that the hank softening method has the highest air permeability value
compared to other softening methods. It is seen in the graph that after hank softening, steam
softening has the most air permeability, followed by tow softening.
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Figure 7 Air permeability test results.

Brightness and touch test results can be observed in Figure 8. During these tests, they are scored
and evaluated by different operators. Looking at the test results, it is the sample subjected to the
steam softening process with the best brightness and the brightness of the other two softening is
evaluated as the same. When looking at the touch, it is observed that the best hand is in the
softening of the hank. After hank softening, the best touch is listed as steam softening and tow
softening, respectively.
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Figure 8 Touch and brightness test results.

4. Conclusion

The performance properties of the softening method on fabrics and yarns were examined in detail.
When the strength values of the samples undergoing different softening are examined, it is
observed that there is not much difference between them, but it is seen that hank softening gives
worse results than the others. The reason for this is that hank softening has a very long process
compared to other softening and it can be predicted that at this stage, the fibers will wear out and
give worse results than the others. When looking at the unevenness tests, it is observed in the test
results that all the results are close to each other. Based on this, it can be said that the softening
method is not an effective parameter on the unevenness. In the air permeability test results, it is
seen that the best air permeability is in the sample that undergoes the hank softening process. It is
observed that the worst air permeability is in the sample that undergoes tow softening. The reason
for this is that while the softening processes applied in the dye machines are carried out, it is known
that the pressure inside the machine and before it rises to high temperatures, and starting from this,
the fiber length can be shortened and shrinked due to the fact that the fibers are treated at high
temperatures beforehand. This can reduce the air passage by reducing the space between the fibers.
When looking at the glosses, it is seen from the test results that the brightest sample is the sample
subjected to steam softening. The reason for this is that the steam softening process has very short
processes and it can be predicted that the brightest sample is the sample that is subjected to steam
softening due to the application of the softening process in the last stage. It is thought that the
softening process is effective for the yarns, since the yarns are softened in a fairly free form.
Therefore, it is foreseen that the sample with the best handle will be the sample that is subjected
to hank softening.
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Ozet

Bu calisma mekanokimyasal sentezleme igleminin selestit cevherinin ve stronsiyum karbonatin
doniistim sicakliklart {izerindeki etkileri arastirilmistir. SrSO4:(NH4)2CO3 1:1,0 stokiyometrik
oranda 10 dakika mekanokimyasal sentezleme islemi uygulanarak iiretilen stronsiyum karbonatin
B-SrCO3 doniisiim ve kalsinasyon sicakliklar1 833 ve 1005 °C iken 1:2,0 stokiyometrik oran ve
200 dakika mekanokimyasal sentezleme sonrasi bu sicakliklar sirasiyla 808 ve 894 °C’ye
diismiistiir.

Keywords: Mekanokimyasal sentezleme, Termal analizler, Seletit cevheri

1. Giris

Mekanokimya, mekanik enerjinin etkisiyle tiim agregasyon durumlarindaki tozlarin kimyasal ve
fiziko-kimyasal degisimleriyle ilgilenen bir kimya dalidir. Mekanokimyasal proses (MCP),
kimyasal reaksiyonlarin, yapisal degisikliklerin ve faz dontisiimlerinin mekanik enerji
uygulamasiyla aktive edildigi toz hazirlama ve iiretim yontemidir. Glinlimiizde mekanokimyasal
proses, toz metalurjisi ile iretilmis katma degeri yiiksek iirlinler liretmek ic¢in ortaya g¢ikan
teknolojiler arasinda yer almakta ve son zamanlarda ise proseste zararli kimyasal ve ¢oziiciiler
kullanilmamasindan dolay1 ¢evreci bir toz iiretim yontemi haline gelmistir. Mekanokimyasal
sentezleme veya mekanik aktivasyon diger buluslarda oldugu gibi bir tesadiif eseri 6giitme islemi
sirasinda reaksiyonlarin baslatilabildigi ger¢ceginin 6grenilmesi sonucu ortaya ¢ikmistir.
Mekanokimyasal sentezleme islemi kisaca, baglangi¢c malzemelerinden olusan karigiminin tekrarl
olarak deformasyonu, kirilmas1 ve kaynamasi adimlari ile de ifade edilebilir. Malzemenin uzun
stireli 6glitiilmesi, tane boyutunun azalmasini ve buna bagl olarak tane yiizey alaninin artmasini
ve malzemede mekanokimyasal sentezle yeni fazlarn olusmasini saglar *. Belirtilen bu olaylarin
cogu birlikte meydana gelir 3,

Mekanokimyasal proses yukarida da belirtildigi gibi mekanik alagimlama, mekanik 6giitme ve
reaksiyonlu 6glitme olmak iizere ii¢ farkli sekilde uygulanmaktadir. Bu yontemlerin her birinde
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mekanokimyasal prosesin fakli etkileri kendilerini gostermektedir. Bu etkiler asagida
listelenmistir.

Genellikle oksitlerin ince parcaciklar formunda iiretimi
Kat1 ¢oziiniirligiin artirilmast

Parcacik boyutunun nanometre dl¢egine kadar azaltilmasi
Nanokristalli metal veya alagim tozlarinin iiretimi

Yeni kristal veya yar1 kristalli fazlarin sentezlenmesi
Kristalli malzemelerden amorf fazlarin gelistirilmesi
Intermetalik fazlarin {iretimi

Mineral ve atik isleme proseslerinin gelistirilmesi
Minerallerden metal rafinasyonunun saglanmasi
Kimyasal yer degistirme reaksiyonlarinin indiiklenmesi
Yanma reaksiyonlarinin aktive edilmesi

Bu calismada, mekanokimyasal sentezlemenin selestit cevherinin doniisiim sicakliklari tizerindeki
etkileri arastirilmistir.

2. Deneysel Calismalar

Selestit cevherinden dogrudan stronsiyum hekzaferrit miknatis iiretmek i¢in uygulanan
mekanokimyasal islem sirasinda, selestit cevherinin stronsiyum karbonata doniismesi gerekir. Bu
dontlistimiin gergeklesmesi i¢in girdi malzemesi olarak ilave edilecek amonyum karbonatin,
(NH4)2CO3, miktar1 ve mekanokimyasal sentezleme siiresi arastirilmistir.

Stronsiyum hekzaferrit miknatis iiretiminde stronsiyum kaynagi olarak kullanilacak olan selestit
cevherinin mekanokimyasal reaksiyonla stronsiyum karbonata doniisimiiniin incelenmesi igin
Esitlik 7°de verilen reaksiyona gore stronsiyum siilfat (SrSO4) ile amonyum karbonat (NH4)2CO3
harman hazirlanmistir.

SrS0,+(NH,),C03—SrCO5+(NH,),S0, )

SrSO4 ile (NH4)2COgz arasinda 1:1, 1:1,5 ve 1:2 stokiyometrik oranlar ve 10, 100 ve 200 dakikalik
sentezleme siireleri belirlenmistir. Mekanokimyasal sentezleme islemleri 5 mm ¢apinda WC bilye,
1:10 toz:bilye oran1 ve 450 dev/dk sabit donme hiz1 parametreleri ile gerceklestirilmistir. islemler,
Fritsch marka Premium Line 5 model gezegen tipi bilyali degirmende gerceklestirilmistir.
Mekanokimyasal sentezleme islemini takabiben 10 °C/s 1sitma hizinda 1200 °C’ye kadar koroyucu
atmosfer altinda termal analizler gergeklestirilmistir.

3. Sonuglar ve Tartisma

Stronsiyum hekzaferrit miknatis {iretiminde en 6nemli reaksiyonlardan biri, mekanokimyasal
sentezleme prosesi sirasinda SrCO3’in pargalanarak SrO’lin agiga ¢ikmasidir (SrCO3—SrO +
CO2). Agiga ¢ikan bu bilesik hematit ile birleserek manyetik fazin olusmasini saglamaktadir. Bu
nedenle, bu asamada stronsiyum karbonatin pargalanma sicaklifinin belirlenmesi 6nem arz
etmektedir. Bu dogrultuda, farkli stokiyometrilerde ve sentezleme siirelerinde gerceklesen
doniisiim islemlerinde SrCO3’in termal bozunma sicakliklarini belirlemek i¢cin DTA ve TGA
analizleri yapilmstir.
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En disiik stokiyometrik orani olan SrSO4:(NH4)2CO3 1:1,0’e gore ve 10, 100 ve 200 dakika
siirelerde gerceklestirilen mekanokimyasal doniigiimle iiretilen SrCO3 bilesigine uygulanan DTA
ve TGA analizleri sirastyla Sekil 1 ve Sekil 2°de verilmistir. 1:1,0 stokiyometrik oranda ve her bir
sentezleme siresi i¢in SrCO3’1n faz doniisiimiinii ve 1s1l bozunmasini gosteren DTA grafiginde iki
farkli pik endotermik goriilmektedir (Sekil 1). Bu endotermik piklerin disinda farkli bilesimlere
ait doniisiim pikleri tespit edilmemistir. Farkli sentezleme siirelerine ait DTA egrilerindeki
doniistim sicakliklarinin, sentezleme siiresinin artmasiyla birlikte azaldigi goriilmektedir. En
diisiik sentezleme siiresi i¢in stronsiyum karbonatin 1s1l bozunmaya basladig1 sicaklik 1005 °C
olarak belirlenmisken, sentez siiresinin artmasiyla bu sicaklik dnce 886 °C’ye, daha sonra ise 803
°C’ye azalmistir. Mekanokimyasal sentezleme isleminde parcaciklarin sahip oldugu enerjinin
sentezleme siiresiyle artmasiyla (par¢acik boyutunun kiigiilmesinden dolayi) stronsiyum
karbonatin parcalanma (1s11 bozunma) sicakliginin degismesine neden olmaktadir. 10 dakikalik
sentezleme siiresinde temel odak noktasi olan 2 numarali endotermik pikin siddetinin diger
sentezleme siirelerine (100 ve 200 dakika) gore diisiik olmasi, olusan SrCO3z miktarinin diisiik
oldugu gostermektedir. Bu da yukarida SEM ve XRD analizleri ile tespit edilen verileri
dogrulamaktadir. 1:1,0 sabit stokiyometride farkli sentezleme siireleri icin TGA egrisi
incelendiginde (Sekil 2); en diisiik agrilik kaybinin (%6,8) yine 10 dakikalik sentezleme siiresinde
goriilmesi DTA verilerini dogrulamaktadir. Mekanokimyasal sentezleme siiresinin artmasiyla
birlikte selestit cevherindeki siilfatli bilesigin stronsiyum karbonata doniisme orani ve ayni
zamanda agirlik kayb1 artmaktadir. Maksimum sentezleme siiresi olan 200 dakikada 1200 °C’deki
anlik toplam agirlik kaybi yaklasik %15,2 dir.

200 dk. T o105t 803 °C
T, 873°C @
~ @
Z [loods - 805 °C
E dk. Tp 5.co3: 805 °C
k) T, 886 °C ®
. @
10 dk. Ty grcos: 833 °C o)
T, 0! 1005 °C
T T T T T T T T ®| T T
100 200 300 400 500 600 700 800 900 1000 1100 1200

Sicaklik (°C)

Sekil 1. SrSO4:(NH4)2CO3 1:1,0 stokiyometrik oranina gore farkl siirelerde mekanokimyasal
sentezleme islemi sonrasi elde edilen DTA egrileri.
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Sekil 2. SrSO4:(NH4)2CO3 1:1,0 stokiyometrik oranina gore farkli siirelerde mekanokimyasal
sentezleme iglemi sonrasi elde edilen TGA egrileri.

Sekil 3 ve Sekil 4’te SrSO4:(NH4)2CO3 1:1,5 sabit stokiyometrik oranda ve 10, 100 ve 200 dakika
mekanokimyasal sentezleme islemine tabi tutulan selestit cevherinin sentezleme sonrasit DTA ve
TGA egrileri sirasiyla verilmistir. Strokiyometrik olarak daha fazla amonyum karbonat iceren
karisimda ilk 10 dakikalik sentezleme siiresinde 1:1,0 stokiyometrik oranda oldugu gibi, diisiik
miktarda olusan SrCOs nedeniyle 2 numarali endotermik pik siddeti, 100 ve 200 dakikalik
sentezleme siiresine gore diisiiktiir. 1:1,5 sabit stokiyometrik oranda SrCO3’1n stronsiyum oksite
(SrO) pargalandig1 sicaklik, artan sentezleme siiresi ile azalmistir. 10 dakika mekanokimyasal
sentezleme siiresinde bu sicaklik 1003 °C, 100 dakika sentezleme siiresinde 880 °C ve en uzun
sentezleme siiresi olan 200 dakikada ise 868 °C olarak tespit edilmistir. Bu azalma Sekil 1’de 1:1,0
stokiyometrik oran icin verilen DTA egrileri ile kiyaslandiginda, sentezleme siirelerinin ayni
olmasina ragmen, artan stokiyometrik oranla birlikte SrCO3’1n 1s1l bozunma sicakliginin azaldigi
ortaya ¢ikmuistir.

Sekil 4’te verilen TGA egrileri ise, agirliktaki degisimin yaklagik 700 °C’de baslayip (SrCO3 faz
dontisiim sicakligl) 1200 °C’ye kadar devam ettigini gostermektedir. Ancak, her ii¢ egride de
yaklasik 800 °C’de agrilik degisimi hiz kazanmaktadir. Bu degisim SrCOz3’1n par¢alanmasindan
kaynaklanmaktadir. 10 dakika sentezleme siiresinde olusan stronsiyum karbonat orani en diistik
olmasindan dolay1 toplam agirlik degisimi %8 iken, maksimum stronsiyum karbonatin
olusturuldugu 200 dakika sentezleme siiresinde bu deger %16 olarak tespit edilmistir.
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Sekil 3. SrSO4:(NH4)2CO3 1:1,5 stokiyometrik oranina gore farkl: siirelerde mekanokimyasal
sentezleme islemi sonrasi elde edilen DTA egrileri.
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Sekil 4. SrSO4:(NH4)2COs3 1:1,5 stokiyometrik oranina gore farkl: siirelerde mekanokimyasal
sentezleme islemi sonrasi elde edilen TGA egrileri.

Sekil 5’de SrSO4:(NH4)2CO3 1:2,0 stokiyometrik oranda gerceklestirilen mekanokimyasal
sentezleme isleminde, sentezleme siirelerine ait faz doniistimlerini gosteren DTA egrileri
verilmistir. Buradaki DTA egrilerinde de yukarida 1:1,0 ve 1:1,5 stokiyometrik oranlar i¢in verilen
DTA egrilerine benzer sekilde, iki farkli endotermik pik olusmustur. 1:2,0 stokiyometrik oran i¢in
tespit edilen en Onemli degisim, 10 dakikalik sentezleme siiresinde gozlenmistir. Diger
stokiyometrik oranlara gore 10 dakikalik sentezleme siiresinde olusan SrCO3 miktarinin artmasi
pik siddetinin diger sentezleme siireleriyle (100 dakika ve 200 dakika) yaklasik olarak ayni
cikmasini  saglamistir. Burada, stokiyometrik oranin artmasiyla birlikte ortamdaki COs3?
konsantrasyonun artmasi sayesinde daha fazla SrSOg4 bilesigi SrCO3z’da doniismiistiir. Diger
stokiyometrik oranlarda (1:1,0 ve 1:1,5) oldugu gibi, SrCO3 faz doniistimii sicakligi (1 nolu
endtotermik pik) ve 1s1l bozunma sicakligi (2 nolu endotermik pik), mekanokimyasal sentezleme
stiresinin artmastyla birlikte azalmistir. En diisiik sentezleme stiresinde bu iki sicaklik sirasiyla 808
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°C ve 894 °C olarak belirlenmistir. Maksimum mekanokimyasal sentezleme siiresinde bu
sicakliklar 789 ve 868 °C olarak ol¢iilmiistiir.

Sekil 6’de SrSO4:(NH4)2CO3 1:2,0 stokiyometrik oranda 6lgiilen TGA egrileri gosterilmistir.
Sekilde verilen TGA egrilerinde kiitledeki degisim 750 °C’de baslamakta ve 1200 °C’ye kadar
devam etmektedir. 1200 °C’de TGA egrilerindeki toplam agirlik degisimleri 10 dk, 100 dk ve 200
dk sentezleme siireleri i¢in sirasiyla %11, %17 ve %20 olarak dlgiilmiistiir.
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B-SrCo3"
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U
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T T T T T T T T T ®I T
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Sicaklik (°C)

Sekil 5. SrSO4:(NH4)2CO3 1:2,0 stokiyometrik oranda farkl stirelerde mekanokimyasal
sentezleme islemi sonrasi elde edilen DTA egrileri.
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Sekil 6. SrSO4:(NH4)2CO3 1:2,0 stokiyometrik oranda farkl: siirelerde mekanokimyasal
sentezleme islemi sonrasi elde edilen TGA egrileri.

4. Conclusions

e Sclestit cevherinden amonyum karbonat kullanilarak 10, 100 ve 200 dakika uygulanan
mekanokimyasal sentezleme ile Uretilen SrCO3 boyutlar1 sirasiyla 6,721, 4,257, 3,850 ym’a
azalmustir.

e SrSO4:(NH4)2CO3 1:1,0 stokiyometrik oranda 10 dakika mekanokimyasal sentezleme islemi
uygulanarak tiretilen stronsiyum karbonatin $-SrCO3 doniisiim ve kalsinasyon sicakliklar: 833
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ve 1005 °C iken 1:2,0 stokiyometrik oran ve 200 dakika mekanokimyasal sentezleme sonrasi
bu sicakliklar sirastyla 808 ve 894 °C’ye diismiistiir.
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Abstract

In this study, the effect of Ti addition on microstructure and corrosion properties of Cu-modified
Cantor alloy (CoCuFeNiMnTix) (x=0.0-0.5) produced by vacuum arc melting was investigated.
The ratio Ti-rich region formed in the interdendritic region increased with increase of Ti in the
CoCuFeNiMnTix. The Ecor and icorr Values for CoCuFeNiMn were found to be -0.322 V and
6.30x107 A.cm?, and these values were measured as -0.982 V and 1.16x10° A.cm? for
CoCuFeNiMnTios alloy, respectively. The most important effect of Ti addition on the corrosion
properties of the CoCuFeNiMn alloy was determined as the transformation of pitting corrosion to
galvanic corrosion.

Keywords: High entropy alloys, corrosion properties, Ti addition effect.

1. Introduction

Over the last two decades, high-entropy alloys (HEAS) have become a remarkable novel type
material group due to their unique mechanical ¥, thermal 2, corrosive 3, magnetic #, and electrical
properties. Unlike conventional type alloys, which are still used in many industrial applications,
high entropy alloys have single-phase structures containing ° at least five equiatomic or closely
equiatomic elements 6. Different from the traditional ones, many elements with a concentration of
5 to 35 (at.%) are dissolved in basic simple crystal structures in high-entropy alloys ’. The
outstanding properties of the HEAs are defined with four-core effects, such as high entropy,
sluggish diffusion, lattice distortion, and cocktail effect & The high entropy effect stabilizes the
solid solution phases formed by the dissolved elements in the simple crystal structure °. Therefore,
the stabilization of the phase in the structure at high operation temperatures is provided by the high
entropy effect. The sluggish diffusion effect determines the kinetic behaviors of the high entropy
alloys *°. According to the sluggish diffusion, the diffusion coefficient of the HEAs is slower than
pure metals and conventional alloys 8. The sluggish diffusion effect emerges from phase
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transformations during the heating of HEAs. The lattice distortion effect arises from the random
positioning of many elements in a simple crystal structure. This effect resists the dislocation
movements and improves the mechanical properties while negatively affecting the thermal and
electrical properties. The final effect seen in high entropy alloys is the cocktail effect proposed by
Ranganathan . In high entropy alloys, the cocktail effect has critical importance in alloy design,
especially in the determination of alloying elements. Due to this effect, the density of the high
entropy alloy can be reduced by the addition or substitution of the low-density elements such as
Al, Ti, while refractory elements such as Nb, Ta enable the alloy to work at high temperatures and
increase oxidation resistance. However, apart from the individual effects of the elements, the
interactions of different elements must also be considered in the design of HEAS properties. In the
literature, various high entropy alloys such as CrMnFeCoNi 2 3  AICrCoFeNi
HfMoNbTaTiVZr *°, TiNbTaZrMo © with diverse properties have been produced using different
production techniques, including arc melting.

Considering the fact that no study has been found in the literature on the corrosion properties of
modified CoCuFeMnNi Cantor alloy prepared by vacuum arc melting method, this current study
aims to investigate the electrochemical properties of the CoCuFeMnNi Cantor alloy depending on
microstructure. For this purpose, CoCuFeMnNiTiy (x=0.0-0.5 in at. %) high entropy alloy was
prepared by vacuum arc melting method, and the corrosion properties of the alloy were
investigated depending on the microstructural variation and oxide layer formation on the surface

2. Materials and Methods

The high entropy alloys with an equimolar composition of CoCuFeMnNiTix (x=0.0-0.5 in at. %)
(x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) were synthesized in a vacuum arc melting furnace equipped with a
continuous water-cooled copper crucible in an argon atmosphere. The purity of the constituent
elements (Co, Cu, Fe, Mn, Ni, and Ti) purchased from Alfa Easer Company was greater than
99.9%, and 50 g of the alloy was prepared for each melting run. In the alloy preparation process,
the arc melting furnace pressure was reduced to 102 mbar, and the melting processes were carried
out at high purity argon gas with 400 mbar pressure. The prepared ingot alloys were re-melted five
times to ensure chemical homogeneity throughout the ingot, and the ingot was rotated before each
re-melting process. The produced ingot alloys were cut in the dimensions of 5x5x2 mm by using
the wire erosion process to prepare samples for structural investigations.

Electrochemical properties of CoCuFeMnNiTix high entropy alloy samples were tested with
Gamry Interface 1010E model device using 3.5% NaCl solution at room temperature. The
corrosion tests were carried out with a three-electrode cell system, using Ag/AgCl as a reference
electrode, platinum wire as a counter electrode, and high entropy alloy sample as a working
electrode. The open-circuit potential (OCP) was applied to all samples before the electrochemical
impedance spectroscopy (EIS) and potentiodynamic polarization measurements for a duration of
3600 s. The electrochemical impedance spectroscopy analyses of the produced alloys were
performed in the frequency between 10 mHz and 1000 kHz with a scan rate of 10 mV/min. The
potentiodynamic-polarization tests were carried out from an initial potential of -1.5 V to a final
potential of 1.5 V with a constant scan rate of 10 mV/min. After each corrosion test, the changes
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in the surfaces of the polished sample were examined by scanning electron microscope (SEM) in
seconder electron mode.

3. Results and Discussion
Corrosion is a fundamental science that examines the interaction between material and

environment. In this study, in CoCrFeMnNi alloy, Cr was replaced by Cu to prevent Cr
decomposition at high temperatures. Also, Ti was doped to improve the high-temperature
properties of the alloy, and the corrosion properties of the obtained CoCuFeMnNiTiy alloy in the
NaCl environment were examined, and the results were given in Fig. 1. The potentiodynamic
polarization curves, including active and passive corrosion properties in 3.5% NaCl solution for
CoCuFeMnNITix (x=0-0.5 at. %) alloys prepared by the arc melting method are shown in Fig. 1.a.
As can be seen from the figure, the corrosion potentials (Ecorr) of the alloys changed between -
0.322 V and -0.982 V, while the corrosion current density (/..--) increased from 6.30x107 to
1.16x1073. With increasing Ti ratio, the .., decreased, and /.., increased, but the rate of increase
in Z.o» values was lower for 0.3, 0.4, and 0.5 Ti ratios. While the corrosion rates (mm/year)
calculated based on the corrosion current density (Z...) increased rapidly for 0.0-0.4% Ti ratios in
parallel with the /.., values, the rate of increase slowed down significantly from 0.4% Ti to 0.5%
Ti. When these results were evaluated, it was observed that the corrosion resistance of the alloys
decreased with the increasing Ti ratio, and this can be attributed to three different reasons. The
first of these is related to how Cu, which has positive mixing entropy compared to other elements
in CoCuFeMnNi alloy, affects the corrosion properties of the alloy. When the polarization curves
given in Fig. 1.a are examined, it will be seen that the polarization curve of the Ti-free
CoCuFeMnNi alloy is quite different from the polarization curves of the Ti-containing
CoCuFeMnNiTix alloys. With the addition of the Ti element, a passivation layer is formed on the
surface of the alloys. In the original CoCrFeMnNi alloy, Cr has a passivating effect 17, and the
passivation layer is not formed with the replacement of Cr with Cu in CoCuFeMnNi alloy. Lu et
al. 1® stated that the polarization curve of the high-entropy CoCrFeMnNi alloy prepared by vacuum
arc melting revealed that the passivation layer was formed. The E... and I..~ values of the
CoCuFeMnNi alloy examined in this study and the CoCrFeMnNi alloy tested by Lu et al. 18 in the
same corrosion solution (3.5% NaCl) were compared. While Ec.» and I results for
CoCrFeMnNi alloy were obtained as -0.268 V and 6.44x10® A/lcm?, the E o and o values for
CoCuFeMnNi alloy were found as -0.322 V and 6.30x10”7 A/cm?, respectively. As can be seen,
while the E.. value of the CoCrFeMnNi alloy was higher than that of the CoCuFeMnNi alloy,
the /.. value was found to be lower than that of the CoCuFeMnNi alloy, where the Cu element
in CoCuFeMnNi alloy caused a decrease in the corrosion properties of the alloy. Here, a
passivation layer is formed on the surface with the effect of Cr in CoCrFeMnNi alloy. On the other
hand, there is no significant difference in the anodic and cathodic polarization curves of the
CoCuFeMnNi alloy containing Cu instead of Cr. This shows that both reactions occur substantially
at the same rate. The reason why both reactions proceed at the same speed is due to the fact that
the phases formed in the microstructure have approximately the same chemical composition *°.
The second approach related to polarization curves (Fig.1.a) is based on the negative mixing
enthalpy between Cr and Cu. In a study made in literature 2°, the corrosion properties of
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CoxCrCuFeMnNi alloy produced by the mechanical alloying method were examined, and Eco» (-
0.787 V) and .o (3.84x10° A/cm?) were obtained for x=1 value. The low Eco» and high Z.o.-
values of the CoxCrCuFeMnNi alloy in comparison to the CoCuFeMnNi alloy produced in this
study, caused the corrosion resistance of the CoxCrCuFeMnNi alloy to be lower than that of the
CoCuFeMnNi alloy. In a similar study 2%, the corrosion properties, in a 3.5% NaCl environment,
of FeCoNiCrCu alloy produced by casting method were investigated. Eco (-0.33 V) and 7o
(1.32x10° A/cm?) values of FeCoNiCrCu alloy show that the corrosion resistance of FeCoNiCrCu
alloy is lower than the CoCuFeMnNi alloy produced in this study. In the CoCuFeMnNi alloy, there
Is a positive mixing enthalpy between Cu and the remaining CoFeMnNi elements. Since there is
no Cr element in the CoCuFeMnNi alloy, the negative mixing enthalpy between Cu-Cr does not
occur here. The negative mixing enthalpy reduces the corrosion resistance of any alloys by creating
regions with different energies that cause galvanic corrosion in the alloy. The third approach is
related to phase separation caused by Ti, which is added to the alloy instead of Cr and generally
positively affects the corrosion properties 2 2. From the potentiodynamic polarization curves
given in Fig. 1.a of alloys containing Ti between 0.1-0.5, it is seen that Ti has a significant effect
on the corrosion properties of the alloys. With the addition of Ti, similar to the above-mentioned
effects of Cr, potentiodynamic curves including passivation have emerged in alloys. There are
three different regions in the anode polarization curve given in the figure. The first of these is the
active dissolution region, which is seen at a potential close to the E... value; the second is the
passivity region where the alloys tend to passivate; and finally, the anodic dissolution zone formed
in the passivation zone, where the passivation layer is corroded. These three regions were found
to occur in each Ti-containing alloy. When the polarization curves of the Ti-free CoCuFeMnNi
alloy and the Ti-containing CoCuFeMnNiTix alloys were compared, it was observed that
passivation occurred in the Ti-containing CoCuFeMnNiTix alloys. However, this passivation is
degraded as the corrosion process continues. It is observed that the AE potential at which
passivation is observed increases continuously with the increase of the Ti ratio. Increasing the Ti
ratio causes segregation in the microstructure of CoCuFeMnNiTix alloys. The ratio of dendritic
regions (containing primary and secondary dendritic arms) and interdendritic regions formed in
the microstructure of alloys increases with increasing Ti ratio. The Ti-rich phase in the
interdendritic zones leads to the formation of galvanic regions. The Ti-rich phase, which resists
corrosion in the passivation zone, dissolves anodically, leading to a decrease in the corrosion
resistance of the alloy. In other words, negative entropy elements such as Ti cause phase separation
and the creation of galvanic corrosion in high-entropy alloys. Therefore, increasing the Ti ratio in
Ti-containing CoCuFeMnNiTiy alloys decreased the corrosion resistance. As can be seen in Table
1, with increasing Ti ratio in the alloy, the E... value increased negatively, while the ... value
decreased (approaching zero), indicating a decrease in corrosion resistance. Although the
passivation zone widened as the Ti ratio increased, the lack of protection of the formed layer
caused the corrosion resistance of the alloy to decrease.
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Table 1. The electrochemical measurement results of produced Ti-free CoCuFeMnNi, and
CoCuFeMnNITiy high entropy alloys.

Ecorr icorr Corrosion rate
Alloys vV  Acm? mm/year
CoCuFeMnNi -0.322 6.30x10”7 0.00657

CoCuFeMnNiTio1 -0.401 1.89x10° 0.190
CoCuFeMnNiTip2 -0.766 2.99x10° 0.302
CoCuFeMnNiTigs -0.929 2.10x10* 2.14
CoCuFeMnNiTios -0.961 1.03x10° 10.5
CoCuFeMnNiTigs -0.982 1.16x103 11.9

Nyquist, Bode, and phase angle graphs of CoCuFeMnNiTix alloys produced by vacuum arc
melting, determined by electrochemical impedance spectroscopy method, are shown in Fig. 1.b-d.
In the Nyquist plot (impedance plot) in Fig. 1.b, semi-circular curves are formed as a result of
redox reactions (oxidation), and the diameters of these curves are equal to the electron transfer
resistance. The increase in the diameter of the formed semi-circle indicates that the electron
transfer resistance increases, while the smaller diameters indicate that the electron transfer
resistance decreases. Therefore, the diameter of the semi-circle at high frequencies is directly
related to corrosion resistance. The large semi-circle diameter means high corrosion resistance.
When the Nyquist curves of CoCuFeNiMn and CoCuFeNiMnTix alloys are compared (Fig. 1.b);
it will be seen that the semi-circular diameter of the Ti-free CoCuFeNiMn alloy is larger than the
Ti-containing CoCuFeNiMnTiy alloys, and the semi-circle diameter decreases with the increase
of Ti amount in CoCuFeNiMnTix alloys. As explained above, since the semi-circle diameter is
directly related to the corrosion potential in Nyquist curves, increasing the Ti ratio causes a
decrease in corrosion resistance. This result emerging from the Nyquist curves is in good
agreement with the polarization curves given in Fig. 1.a. However, the most significant difference
between the Nyquist curves obtained as a result of impedance measurements performed in a 3.5%
NaCl environment was seen in the CoCuFeNiMn alloy. While material transfer due to ion
movement was observed in the low-frequency region in CoCuFeNiMn alloy, this phenomenon
was not observed in the CoCuFeNiMnTix alloys. When the shapes of the Nyquist curves of
CoCuFeNiMnTix alloys containing different ratios of Ti are compared, it will be seen that the
Nyquist curve of the CoCuFeNiMnTig 3 alloy is flat and has an incomplete semi-circular shape in
the high-frequency region. The flat line seen in the Nyquist graph represents the subsequent
degradation of the oxidation film, which is formed during the electrochemical measurement and
essentially provides corrosion resistance to the material. Here, it is understood that the Ti element
doped into the structure reduces the corrosion potential of the alloy. Also, the 0.3 (at. %) Ti ratio
can be considered as a critical value for the corrosion resistance of the alloy. For CoCuFeNiMnTix
alloy, up to 0.3% Ti ratio, the decrease in corrosion resistance is relatively low. This phenomenon
can be explained by the segregation that occurs in the structure of the alloy. While low-level
segregation occurs in the alloy up to 0.3% Ti, the segregation rate increases for x>0.3 conditions.
For alloys with low Ti content (x<0.3), a protective oxide layer containing Cu and Ni elements is
effective. However, at high Ti ratios (x>0.3), the increase of Ti-rich regions in the interdendritic
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regions on the surface of the alloys and the severe galvanic corrosion in these regions cause the
deterioration of the TiO2 film. This phenomenon has been evidenced with the decrease of the semi-
circle diameters, which indicates a significant decrease in the corrosion resistance in the Nyquist
plots given in Fig. 1.b for 0.4, and 0.5 Ti ratios. Bode and phase angle graphs of CoCuFeNiMnTix
alloys are shown in Fig. 1.c and 4.d. In the bode plot given in Fig. 1.c, the absolute value of the
impedance (|Z[), which corresponds to the constant 10 frequency, reflects the corrosion resistance
of the alloy in 3.5% NaCl solution ?* 2, Accordingly, the (|Z|) value of the Ti-free CoCuFeNiMn
alloy at a frequency of 0.1 (absolute value of impedance) was measured as 4.96x102. The fact that
the absolute value of the impedance of the CoCuFeNiMn alloy is higher than that of
CoCuFeNiMnTiyx (x=0.1-0.5) alloys confirms the polarization and Nyquist curves given in Fig. 1.
a and b. The decrease in the absolute value of impedance by Ti doping to the CoCuFeNiMn alloy
shows that the corrosion resistance of Ti-containing alloys (CoCuFeNiMnTix) decreases. The
decrease in the absolute value of impedance is most likely due to the active dissolution of the
interdendritic regions depending on the Ti ratio during solidification and the easy charge transfer
that occurs on the surfaces of the alloys. Bode curves of CoCuFeNiMnTix alloys appeared to form
a |Z| plateau after approximately £>20 Hz values. This plateau phenomenon seen in the absolute
value of impedance corresponds to the solution resistance, which includes the corrosion cell
geometry, electrode resistance, impedances of the conductors used, and reference electrode. The
bode curves are given in Fig. 1.c have a frequency between 0.1 and 10 Hz and a linear slope
equaling to about -1 in log|Z|. On the other hand, the maximum phase angle is seen below -80° in
the same frequency region (Fig. 1.d). This behavior shows the pseudocapacitive nature of the oxide
layer formed on the surface of the alloys during corrosion measurements 24, In other words, the
phase angle defines the dielectric properties of the electronically conductive surface layer and is
related to the capacitive response of the electrode 2°. The fact that the phase angle is less than -90°
indicates that a protective insulating film is not formed on the surface of both Ti-free CoCuFeNiMn
and Ti-doped CoCuFeNiMnTix alloys. Therefore, there is a possibility of flow leakage between
the interdendritic and dendritic regions in the microstructure due to the Ti effect. That is, the phase
angle is less than -90° indicates that the oxide layer formed on the surface during corrosion
measurements is permeable to the ions coming from the solution. The maximum phase angle value
at approximately 1 Hz frequency was determined as -70.5° for the Ti-free CoCuFeNiMn alloy. By
doping 0.1% Ti into CoCuFeNiMn alloy (CoCuFeNiMnTio.1), the phase angle decreased to -64.5
° at the same frequency (1 Hz). Similarly, when the Ti ratio in the alloy was increased to 0.2
(CoCuFeNiMnNTio2), no significant change in phase angle was observed at the same frequency
value. It is seen that the log(f)-phase angle curve of CoCuFeNiMnTio 3 alloy is different from that
of other alloys. It can be said that this is caused by two different oxide layers formed on the surface
of the alloy at the ratio of 0.3 Ti, which is defined as critical, as stated above. If the Ti ratio in
CoCuFeNiMnTix alloy exceeds a certain critical level, it probably causes the formation of a second
oxide layer, such as TiO, on the surface of the alloy. Therefore, a second relaxation process was
observed at the smaller frequency value (about 0.05 Hz). With the increase of the Ti ratio above
the critical level, a relaxation process is seen from the curves. However, the increase in the ratio
of the Ti-rich phase in the interdendritic regions of the microstructure led to the formation of a
more insulating oxide layer on the surface of the alloys in the low-frequency region. The fact that
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the phase angle of this layer is less than -90° indicates that it is not protective against the ions
coming from the solution.

Figure 1. (a) Potentiodynamic polarization curves, (b) Nyquist, (c) bode, (d) phase angle plots of
the Cu-modified Cantor alloys and CoCuFeNiMnTiy.

4. Conclusions:

In the present research, Cu-modified high entropy Cantor alloy (CoCuFeNiMnTix) (x=0.0-0.5)
produced by vacuum arc melting method and the effect of Ti addition on microstructure and
corrosion properties of the alloy in 3.5% NaCl solution was investigated. The results obtained can
be summarized as follows:

e The corrosion resistance of the CoCuFeNiMnTiy alloys decreased with the increase of Ti
addition. The Ecorr and icorr Values for CoCuFeNiMn alloy were found to be as -0.322 V
and 6.30x107 A.cm™, and these values were measured as -0.982 V and 1.16x10° A.cm™
for CoCuFeNiMnTios alloy, respectively

e Pitting corrosion occurred in the Ti-free CoCuFeNiMn alloy, while the formation of Ti-
rich interdendritic zones in the Ti-doped CoCuFeNiMnTiy alloys caused the corrosion type
to turn into galvanic corrosion.
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e When the Ti amount in the alloy exceeds a critical ratio, cracks are formed on the insulating
TiO: passivation layer, which indicates that the oxide layer is not protective, and corrosion
progresses towards the inner parts of the alloy.
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CUAL10NI5FE4 NIKEL ALUMINYUM BRONZUNUN MiKROYAPISAL
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Ozet

Nikel-altiminyum bronzlar1 (NAB) yiiksek korozyon ve iyi asinma 6zellikleri nedeniyle endiistride
cokca kullanilmaktadir. Ayrica yaglayicilik 6zelligine de sahip olmalarindan dolayr pek ¢ok
tribolojik uygulama icin tercih edilen bakir alagimlarindandir. NAB, 6zellikle agir yiikler altinda
istlin abrazif asinma dayanimi ve yliksek korozyon gerektiren uygulamalar i¢in miikemmel
malzemeler olarak kabul edilirler. Bu ¢alismada, CuAl10Ni5Fe4 bilesimindeki NAB’ unun kuru
ortam atmosferik kosullarinda ve yiiksek ve diisiik basingta siirtiinme ve asinma 6zelliklerinin
incelenmesi amagclanmistir. Bu amagla, CuAllONi5Fe4 alasiminin mikro yapilar1 SEM
mikroskobu ve siirtiinme ve asinma testleri ise blok-on-disk esasli bir deney sisteminde
gergeklestirilmistir. Bu deneyler sonucunda, siirtiinme katsayisi degisimleri ve 6zgilil asinma
miktarlart belirlenmistir. 0,5 MPa, 1 MPa ve 1,5 MPa yiiklerinde artan yiik ile siirtiinme
katsayisinin 0,52, 0,46 ve 0,38 e azaldigi, 6zgiil asinma miktarinin ise artan yiik ile sirasiyla
5,10x107, 5,25x10°° ve 5,63x10° mm*/N.m seklinde arttig1 tespit edilmistir.

Anahtar kelimeler: Nikel aliminyum bronzu, Asinma, Siirtiinme, Mikroyap1

1. Giris

Nikel altiminyum bronzu (NAB) (CuAl10Ni5Fe4), aliiminyum, nikel ve demir metallerinin katkis1
ile olusan bakir esash bir alasimdir. Ustiin mekanik 6zellikleri sayesinde kullanimu siirekli artan
bir alasim ¢esididir. Miikkemmel korozyon ve asinma direnci olan NAB ayni zamanda ¢ok 1yi
sertlik ve mukavemet degerlerine sahiptir. Bu alasim, istiin 6zellikleri nedeni ile makine
imalatgilarinin, gemi sanayinin ve hatta havacilik sektoriiniin bir¢ok yerde kullandigi bir
endiistriyel malzeme haline gelmistir [1-4].

Nikel aliiminyum bronzu (NAB) olarak isimlendirilen CuAl10NiSFe4 alagimi, diisiik siirtlinme
katsayisi, iyl asinma dayanimi, miikemmel korozyon direnci, iyi kirilma toklugu, yiiksek
soniimleme kapasitesi ve iyi yorulma direnci gibi Ozellikleri yiiziinden genis Ol¢iide makine
imalatinda, gemi sektoriinde ve hatta havacilik uygulamalarinda kullanilan bakir esashi bir
alagimdir. Nikel aliiminyum bronzu esasinda bir bronz degildir, tek benzerlikleri her ikisinin de
bakir alagimi olmasidir. Aliiminyum bronzunun bu malzeme ile ismini paylagmasi gercegi ise, bazi
gecmis sOylentilerin bir pargasidir [3-8].
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Metalurji uzmanlarinin arastirmalart dogrultusunda NAB’ 1n gemi pervaneleri i¢gin kullanimi hizla
gelisim gostermistir. Amerikan niikleer denizaltis1 Thresher’ in 1963’ teki kaybinin bronz dokiim
hasarindan dolay1 oldugu diisiintilmiis ve bu durum NAB’ 1n denizaltinda kullanimina yol agmustir.
Petrol fiyatlarindaki artis OPEC’1 Meksika Korfezi ve Kuzey Deniz’de petrol aramaya itmis bu da
pompa, vana ve yangin kontrol ekipmanlari i¢in nikel aluminyum bronzu i¢in yeni talepler ortaya
cikarmistir. NAB, magnezyum bronz ve paslanmaz celikten iki kat daha iyi korozyon dayanimina
sahip olmas1 1980’ler ve sonrasinda nikel aluminyum bronzlarinin, uzay uygulamalari, savunma
sanayi, denizcilik, petrokimya endustrisi gibi sektorlerde aranan bir malzeme haline
doniistirmiistiir [9].

Cu-Al alasimina demir ve nikel eklemenin o faz sahasini genislettigi bulunmustur. Ni ve Fe
alagimlama katkilar1 o ve B fazindan karmasik metaller aras1 k fazlar1 ¢okelmesi ile sonuglanir ve
NAB’ nin mekanik 6zelliklerini 6nemli 6l¢iide artirdigi tespit edilmistir [10].

NAB alagimlarinin aliiminyum igeriginin, %38,8-10 aralig1 icerisindeki degerlerde olmasi
mukavemet, sertlik ve korozyon dayaniminin artig1 ile baglantili olmustur. Bu durum esas olarak,
uzamada azalma ile beraber tane sinirlar1 boyunca lamelli ki fazinin varligina atfedilmistir. % 9,5
Al igerigi ve ek alasim elementleri % 5 nikel, % 4 demir ve % 0,5 manganli alagimlarin,
pervanelerin imalati i¢in en iyi 6zellik kombinasyonlari verdigi bildirilmistir [10,11].

CuAl10Ni5Fe4 alasiminin mikro yapisi bakirca zengin a-fazi, kalint1  ve ¢esitli ¢okeltiler, toplu
olarak FesAl veya NiAl’ye dayanan k-fazi olarak adlandirilan yapilardan olusur. o ana yapisi
ortalama bakir- %7 aluminyum -%3 nikel -%3 demirden olusan bilesime sahiptir.  faz1 NAB’n
yiiksek sicaklik kati ¢ozelti fazidir. Bununla birlikte, B ortam sicakliklarinda stabil bir faz degildir.
Cesitli f doniisiim tiriinleri sogumanin sonucu olarak sekillenir [12-14].

Sekil 1 (a)’ da acik gri bolgeler bakirca zengin a fazidir. o faz1 a = 3,64 A kafes parametresi ile
yuzey merkezli kiibik kristal yapiya sahip denge terminal kati ¢ozeltisidir. a fazi bir
Widmanstatten morfolojisi sergileyebilir. Soguma siiresince yaklasik 950°C’den baslayarak 3
fazindan predtektoid o sekillenir. Yaklasik 580°C’de a ve ki fazlarinin karigimi i¢inde bir 6tektoid
reaksiyon sonug verir. Soguma sonrasi, Ni-Fe-Al k-fazlari, o ve B fazlarindan ¢okelir. k) fazi,
sadece %5 Fe’den daha biiyiik demir icerigi ile NAB i¢inde gozlemlenmis, genis ve dallantili
(rozet sekilli) pargaciktir. Demirce zengin k| par¢aciklari, tipik olarak 20 ile 50 pym boyutunda ve
a tanelerinin merkezlerinde bulunurlar. k bilesimi ve yapisina benzer xi, 5 ile 10 um ¢apinda ve
K1 parcacigindan bir miktar kii¢iik olmasina ragmen, demirce zengin dendritik parcaciktir (ayni
zamanda kiresel veya rozet sekilli). Bununla birlikte genis i pargaciklar1 «; ile kolayca
karigtirilabilir. Yaklagik 800°C’de, k-fazinin nikelce zengin lamelli (veya kiiresel) 6tektoid formu
olan ki, B fazindan ¢okelir. ki ’iin baslangic ¢okeltilerinin kiiresel, sonrakilerin lamelli oldugu
gbzlemlenmistir. o taneleri boyunca dagilan ince ha¢ bigiminde, eseksenli parcaciklar demirce
zengin kv parcaciklaridir. Bu ¢okeltiler 2 um ¢apindan daha diisiik mertebededir [10,11].

155 https://ticmet.org  ~----rwem----



Sekil 1. Ham dokiim CuAll10Ni5SFe4 alagiminin mikroyapisi: (a) Kum kaliba dokiimde NAB’1n
faz dagilimlari, (b) Dokiim NAB i¢inde mikroyap1 dagiliminin sematik gosterimi. (Stirekli
soguma sonrasi  fazi, o anayapisi ve k fazlari haline doniistir.)

Bu calismanin amaci, nikel aliiminyum bronzu olan CuAllONi5Fe4 alasimimin standart
karakterizasyon islemleri ile mikroyapisal ve blok-on disk cihazinda siirtiinme asinma testleri ile
tribolojik 6zelliklerinin incelenmesidir.

2. Deneysel Calismalar

Bu caligmada, yatak malzemesi olarak da kullanilan CuAl10Ni5SFe4 nikel aliiminyum
bronzu(NAB) tercih edilmistir. Yatak malzemesi olarak kullanilan alagimin siirtiinme-asinma
Ozellikleri 6neminin fazla olmasindan dolay1 metalografik ve tribolojik 6zellikleri incelenmistir.
1ng0t halinde temin edilen alagimin bilesim oranlar1 ag.% 78,2Cu, 10Al, 5Ni, 4,8Fe, 1,5Mn ve 0,5
diger seklindedir. Ingotun mikro yapisin1 ortaya ¢ikarmak klasik metalografik islemlerden sonra,
20ml HCI, 10ml H20 ve 1gr FesCl ¢ozeltisi ile 5 saniye siiresince numune tzerine damlatma
seklinde daglama yapilmistir. Daglama isleminin ardindan mikro yap1 incelemeleri Zeiss Evo
LS10 model taramali elektron mikroskobunda (SEM) gerceklestirilmistir.

Alagimin siirtinme ve asinma Ozelliklerinin belirlenmesinde blok-on-disk tipi asinma deney
diizenegi kullanildi. Siirtiinme aginma deneylerinin gerceklestirildigi diizenegin goriintiisi Sekil
2’ de verilmistir. Deney diizeneginde kars1 yiizey olarak SAE 4140 ¢eliginden imal edilmis bir
disk malzemesi kullanilmis olup yiizey sertligi 55+1 RSD-C, ¢ap1 210 mm ve kalinlig1 ise 20 mm’
dir. Triboloji testlerine tabi tutulan numunelerin disk ile temas eden ytzeyleri 10x5 mm
boyutlarindadir.

Siirtiinme katsayisi, serbest uygulanan normal kuvvetle yiik hiicresi yardimiyla 6lgiilen surtinme
kuvveti kullanilarak p = Fs/ Fn esitliginden hesaplandi. Malzemelerin asinma direnci ise belli yiik,
cevresel hiz ve alinan yol (devir) sartlarinda olusan malzeme kaybi olarak degerlendirilmistir. Her
bir numunenin stirtiinme katsayisi ve aginma direnci sabit 0,5 m/s kayma hizinda ve 0,5 MPa, 1
MPa ve 1,5 MPa basing altinda deney parametreleriyle tespit edilmistir. Deneylerde sabit 10000
m deger igin agirlik kaybi dl¢iilmiistiir. Ozgiil asinma kaybi, deney sirasinda numunedeki kiitle
kayiplarinin  Sl¢lilmesiyle belirlendi. Numuneler deney Oncesinde ve sonrasinda 0,1 mg
hassasiyetli elektronik terazide tartildi ve asagida verilen formiille hesaplanmistir [11]:

B Am
~p.F Vit
p.F, (1)

156 https://ticmet.org  ~----rwem----



Burada W 6zgiil asinma miktar: (mm3/Nm), Am kiitle kaybi (g), P yogunluk (g/mm?), Fn normal
yiik (N), V kayma hiz1 (m/s), t deney siiresi (s)’ dir. Numunelerin asinma mekanizmalari, yine
SEM’ de yapilan asinma izi (ylizeyi) ve asinma parcaciklarinin incelenmesi ile karakterize
edilmistir.

Sekil 2. Siirtlinme asinma deneylerinin gergeklestirildigi test sistemi.

3. Bulgular ve Irdeleme

NAB alagiminin mikro yapist SEM’ de incelenmis ve EDS analizleri ile olasi fazlar belirlenmistir.
CuAll10NiSFe4 alasgiminin mikro yapist goriintiileri Sekil 3° te verilmistir. Normalde
CuAl10Ni5Fe4 alagimi mikro yapisi o-bakir matrisi icerisinde dagilmis olarak metaller arasi
bilesik kappa fazlarindan (k,, Ky, K, Kiv) olusmaktadir. Dokiim yoluyla iiretilen CUAILONi5Fe4
alagimi1 yavas sogudugundan mikro yapida herhangi bir martenzitik doniisiim olusmamis ve f’
martenzit faz1 meydana gelmemistir. Bunun yerine, Sekil 3’ te goriildiigii lizere, a-bakir matrisi
icerisinde dagilmis durumda «,,, K., kv metaller aras1 kappa fazlari olugmustur. a-bakir matris fazi
acik gri renkte olup, bu faz icerisinde dagilmis halde koyu renkte ., k., K,v metaller arasi bilesik
fazlar1 bulunmaktadir. Matris fazi olan o-bakir fazi soguma siiresince yaklasik 950 °C’den
baslayarak B fazindan 6tektoid oncesi (predtektoid) sicakliklarda olusmaktadir. Predtektoid o fazi
yaklasik 580 °C sicaklikta otektoid reaksiyon sonucu o ve xm fazlarmi igeren bilesimler
olusturmaktadir. Oda sicakligina yavas soguma sirasinda, sekilde koyu gri renkte kontrast
olusturan kv fazi a faz1 igerisinden ¢okelmektedir. Ote yandan, «, faz1 sadece %5°den fazla Fe
iceren bir faz oldugundan ve CuAI10Ni5Fe4 alasiminda %4 oraninda Fe bulundugundan ingot
mikroyapisinda metaller arasi bilesik k, faz1 goriilmemistir [10,11].
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Sekil 3. CuAl10Ni5Fe4 alasiminin mikroyapisi.

CUAI10Ni5Fe4 alasiminin Sekil 4° de gosterilen mikroyapidaki her bir faz EDS analizine tabi
tutulmus ve sonuglar Sekil 5-8 arasi sunulmustur. EDS analizi sonucu bulunan element % agirlik
oranlar ile literatiirde verilmis olan oranlar, Tablo 1° de sunularak ilgili fazlarin kimyasal
bilesimleri ile karsilastirilarak ilgili fazlar belirlenmistir. o faz1 igerisinde ¢okelerek olusan ve
ortalama boyutlar1 1 — 5 um arasinda degisen demirce zengin parcaciklar (FesAl) ki fazini
olusturmaktadir. Tablo 1’ deki literatiire gore ki faz1 yaklasik olarak %32 Fe, %19 Cu, %27 Ni ve
%19 oraninda Al icermektedir. Sekil 4’ te verilen k) fazina ait EDS analiz sonucuna gore bu faz,
%32 Fe, % 27 Cu, %16 Ni ve % 11 oraninda Al icermektedir. Matris faz olarak tanimlanan a-Cu
faz1 ise bakir fazini ifade etmektedir ve teorik olarak igerisinde %85 Cu, %8 Al, %3 Fe, %2,5 Ni
icerirken, Sekil 5” da sunulan EDS analizine gore ise, %72 Cu, %9 Al, %3 Fe ve %8 oraninda Ni
icermektedir. Mikroyapida c¢ok kiiciik nokta seklinde ortaya ¢ikan kv fazi iizerinde yapilan EDS
analizlerinde ise bu fazin kiigiik es eksenli, demirce zengin faz1 gosterdigi tespit edilmistir (Sekil
6). Yapilan EDS analizlerinde diger analizlerdekine benzer sekilde teorik verilere yakin sonuglar
elde edilmistir. Buna gore teorik olarak %62 Fe, %15 Al, %14 Cu ve %10 Ni, igeren bu fazin EDS
analizi sonucunda yapisinda % 68 oraninda Fe ve %12 oraninda Cu igerdigi goriilmiistiir. Yapida
ince gubuk seklindeki fazin ise yapilan EDS analizi sonucu ki faz1 oldugu bulunmustur. Bu faz
tizerinde yapilan noktasal EDS analizi sonucu yapinin %27 Cu, %23 Ni, 22 Fe ve %18 Al icerdigi
tespit edilmistir (Sekil 7). Olusan fazlari genel olarak iki gruba ayirmak miimkiindiir. Birinci grup
demirce zengin, ikinci grup ise nikelce zengin metaller arasi bilesikleri temsil etmektedir. NAB’
da bulunan elementlerin ¢gesidine ve agirliklarina bagli olarak bu metaller aras1 bilesikleri kristalize
etmek mimkiindir (FeAl, FesAl, (Fe,Cu)sAl ve NiAl, NisAl) [14-16].
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Sekil 4. CuAl10Ni5Fe4 ingot alagimin yapisinda bulunan xy fazinin EDS analiz sonuglari.

Sekil 51. CuAI10Ni5Fe4 ingot alasimin yapisinda bulunan a-Cu fazinin EDS analiz sonuglari.

Sekil 6. CuAl10Ni5Fe4 ingot alagimin yapisinda bulunan kv fazinin EDS analiz sonuglari.

Sekil 7. CuAl10Ni5Fe ingot alasimin yapisinda bulunan ki fazinin EDS analiz sonuglari.
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Tablo 1. CuAl10Ni5Fe4 alasiminda bulunabilecek fazlarin kimyasal bilesimi (% agirlik¢a)
Fazlar | Cu Al Fe Ni | Mn | Referans
8 2,7 25 | 1.2 91,92
841 42 | 2 | 414 |03
858 7,2 2,8 3,0 11 91,92
' +0,4 | £0,3 | 0,2 | 0,1
72,57 9,32 | 3,02 | 8,28 | 2,41 | Bu ¢alisma
B 85 8,7 1,6 35 |10 91,92
15 13 5 15 2 91,92
15 +5 5+7 +3 |04

K o5 | 10 | 72 [ 35 29| 9192
X | 413 | +14 | +4 | 405
32 | 27 91,92
19 | 19 | 5| 5|2

Kil 12,1 | 12,3 | 61,3 | 8,0 2 91,92
+3 +1,3 | 49 | +1.8 | 0,4
27,73 110,98 | 32,38 | 16,13 | 5,02 | Bu ¢alisma
26 20 30 32 1,8 91,92
+4 +4 +3 +2 | 0,4
Kin 17 26,7 | 128 | 41,3 | 2,0 91,92
+5 +1 +1,6 +6 +0,4
27,28 |1 18,90 | 22,93 | 23,18 | 3,38 | Bu ¢alisma
14 15 62 10 1,3 91,92
+5 +5 +6 +5 | 0,4
Kiv 26 10,5 73 73 | 24 91,92
+7 +1,7 +2 +1,5 | £0,2
11,75 | 7,97 | 68,04 | 546 | 2,83 | Bu ¢alisma

Tablo 2°’de CuAll0Ni5Fe4 alasimimin farkli yiike bagl olarak elde edilen ortalama siirtiinme
katsayilar1 ve 6zgiil asinma degerleri verilmistir. Sekil 8 ise farkl yiiklerdeki ingot malzemesinin
stirtlinme katsayisinin alinan yol (kayma mesafesi) ile degisimini gostermektedir. Sekil 8 ve Tablo
2 birlikte degerlendirildiginde siirtiinme katsayisinin artan yiik ile azaldig1 6zgiil asinma miktarinin
ise artan yiik ile artigi goriilmektedir. Yiikiin artmasi ile siirtlinme 1sis1 artmakta ve bunun
sonucunda yuzeyde bir oksit filmi olusmaktadir. Olusan bu film yilizeyde kayma etkisi gostererek
stirtlinme katsayisinin diismesine yol agmaktadir. [17,18].

Tablo 2. Bronz alasiminin farkli yiik ve kayma mesafelerindeki ortalama siirtiinme katsayisi ve
Ozgiil asinma degerleri

Uygulanan Ortalama Surtiinme Katsayisi, Alnan Yol, (m)

Yuk, (1) (10000m) 10000 m

(MPa) Ozgiil Asinma, (mm3/N.m)
0,5 MPa 0,52 5,10x10°

1 MPa 0,46 5,25x10°

1,5 MPa 0,38 5,63x10°
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Siirtiinme Kkatsayisi, p

T T T T
0 2000 4000 6000 8000 10000

Almman yol, m
Sekil 8. CuAILONi5Fe4 ingot malzemenin farkl: yiikler altindaki siirtiinme katsayisinin 10000
metre kayma mesafesi ile degisimi.

Sekil 9-11" de CuAl10Ni5Fe4 alagiminin aginma testleri sonucunda asinma yiizeylerinin, Sekil
12-14° te asimnma parcaciklarinin SEM goriintiileri verilmistir. Numune asinma yiizeylerinin,
plastik deformasyon sonucu yiizeye yapismis durumda bulunan siirtiinme film tabakasi ve asinma
ciziklerinden olustugu goriilmektedir. Bu film tabakasinin artan basing ile birlikte genisledigi ve
ayrica artan yiik ile beraber daha derin asinma ¢iziklerinin ve gukurcuklarin olustugu goriilmiistiir.
Z. Shi vd. [19] CuAl10Ni5Fe4 nikel aliminyum bronzunun sertlestirilmis ¢elik tizerinde kuru
siirtinme ortamindaki asinma davranisini incelemis ve 3 tip asinmanin (adhezif asinma, abrazif
asinma ve delaminasyon (tabakali) asinma) etkin oldugunu ortaya koymustur.

Sekil 13-15’ te goriildiigii gibi artan basingla birlikte ortalama aginma pargaciklarin boyutlarinin
arttig1 gorilmektedir. Ortalama pargacik boyutlar1 0,5, 1 ve 1,5 MPa yiik degerlerinde sirasiyla
2,84, 3,17 ve 3,81 um olarak bulunmustur.

Sekil 9. CuAIL0Ni5Fe4 ingot malzemenin 0,5 MPa yuk altinda, 0,5 m/s kayma hizinda ve 10000
metre kayma mesafesi sonucu olusan asinma ylizeylerinin SEM goriintiileri.
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Sekil 10. CuAl10Ni5Fe4 alasiminin 1 MPa ytik altinda, 0,5 m/s kayma hizinda ve 10000 metre
kayma mesafesi sonucu olusan asinma yiizeylerinin SEM gorUntuleri.

Sekil 11. CuAl10NiSFe4 alagiminin 1,5 MPa yiik altinda, 0,5 m/s kayma hizinda ve 10000 metre
kayma mesafesi sonucu olusan aginma yiizeylerinin SEM goriintiileri.

Sekil 12. CuAl10Ni5Fe4 alagiminin 0,5 MPa yiik altinda, 0,5 m/s kayma hizinda ve 10000 metre
kayma mesafesi sonucundaki asinma parcaciklarin SEM goriintiisii
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Sekil 13. CuAl10NiSFe4 alagiminin 1 MPa yiik altinda, 0,5 m/s kayma hizinda ve 10000 metre
kayma mesafesi sonucundaki aginma parcaciklarin SEM goriintiisii

Sekil 14. CuAI10Ni5Fe4 alasiminin 1,5 MPa yiik altinda, 0,5 m/s kayma hizinda ve 10000 metre
kayma mesafesi sonucundaki aginma parcaciklarin SEM goriintiisii

4. Sonuclar

Nikel aliminyum bronzu CuAllONi5Fe4 alasimimin metalografik olarak mikro yapisi
incelenmistir. Igerisinde bulunan « ve « fazlart EDS analizi yardimyla literatiir ile
karsilastirilmistir. EDS ile elde edilen agirlikga elementel oranlar literatiire yakin degerlerde
bulunmustur.

Siirtlinme katsayist 0,5 MPa, 1 MPa ve 1,5 MPa yiiklerinde artan ytik ile sirasiyla 0,52, 0,46 ve
0,38’ ¢ azaldig, 6zgiil asinma miktarmin ise artan yiik ile sirastyla 5,10x10°, 5,25x107° ve
5,63x10"° mm?*N.m seklinde artti131 tespit edilmistir.

Tesekkiir: Bu calisma, Karadeniz Teknik Universitesi Bilimsel Arastirma Projeleri (FBA-2021-
9396) tarafindan desteklenmistir.
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Abstract

Bu caligmada, bakir esasli CuAllONi5Fe4 alagimindan eriyik savurma yontemiyle hizli
katilagtirilmis toz iiretilmis, elde edilen tozlardan presleme ve sinterleme islemiyle kiitlesel
parcalar elde edilmis, bu pargalarin blok-on disk cihazinda siirtlinme-asinma deneyleri
gerceklestirilerek tribolojik ozellikler ortaya konmustur. Eriyik savurma yontemiyle toz tretme
caligmalarinda diiz yiizeyli ve dokulu olmak iizere iki farkli profilde diskler kullanilmistir. Bu
tozlar kullanilarak presleme ve sinterleme islem adimlariyla kompakt pargalar iiretilmis ve bu
parcalarin blok-on disk cihazinda siirtiinme ve asinma testleri gerceklestirilmistir. Uretilen toz ve
kompakt parcalarin karakterizasyonu kapsaminda; SEM’de morfoloji analizleri gerceklestirilmis,
XRD cihazinda faz yapisi belirlenmistir. Hizli katilagtirmayla Uretilen tozlardan elde edilen
kompakt parcalarin tribolojik 6zellikleri oldukca iyidir.

Keyword: CuAl10Ni5Fe4, bronz, tribolojik dzellikler, eriyik savurma

1. Giris

Hizli katilastirilmis malzeme iiretiminde en yiiksek soguma hizini saglayan yontem ‘eriyik
savurma (ergiyik metal dondiirme)’ teknigidir. Bu yontemin temel prensibi, sivi metalin ¢ok ince
bir kesitten daha soguk bir ylizeye akitilmasi (genellikle basing etkisiyle) ve ¢ok yiiksek hizda
sogutulmasi esasina dayanmaktadir. Eriyik savurma tekniginde sivi metal, genellikle ytksek
iletkenlige sahip malzemen imal edilmis doner bir disk veya tekerlek iizerine belli bir mesafeden,
gaz basinci etkisiyle piiskiirtiilerek ince bir film (serit) seklinde katilastirilir. Diskin ytiksek
hizlarda donmesi, yiiksek soguma hizina neden olur. Yapilan islem bir tiir hizli katilagtirma
islemidir ve ulasilan soguma hizi 10°-108 K/s arahigindadir. Alasim tiirii basta olmak iizere, disk
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malzemesi ve boyutlari, disk hizi, piiskiirtme basinci, nozul genisligi gibi ¢esitli parametreler
degistirilerek farkli soguma hizlarinda ve farkli geometrilerde seritler tiretilebilir [1-4].

Eriyik savurma yonteminde genellikle yiizeyi diizgiin ve piriizsiiz disk kullanilmaktadir. Disk
tizerine akitilan s1vi metal, yilizeyin kaygan olmasindan dolay1 ve diskin donme etkisiyle ylizeyden
kayarak siirekli formda ve ince kalinlikta serit seklinde katilagmaktadir. Disk yiizeyinin bir tiir disli
carkin disleri gibi piiriizlendirilmesi durumunda serit yerine toz elde etmek miimkiindiir. Bu
durumda, eriyik savurma yerine atomizasyon islemi gerceklesir ve yine serit yerine toz elde edilir.
Demir ¢elik sektoriinde en yaygin kullanim bulan bakir alagimlarindan biri de yatak malzemesi
olarak kullanilan bronz alagimlaridir. Yatak malzemesi olarak kullanilan ana bronz alagimlari
kalay bronzlari, aliminyum bronzlari, kursunlu bronzlar ve berilyum bronzlari olarak sayilabilir.
Aliiminyum, demir, mangan, silisyum ve nikel elementlerini iceren aliiminyum bronzlar1 ise
yiiksek sertlik 6zellikleri ile 6ne ¢ikmaktadir. Bu malzemelerden iiretilmis yataklar yiiksek darbe
ve asinma dayanimina sahiptir. Bu alagimlar ytiksek sicakliklarda mukavemetlerini korur ve 250°
C iizerinde calisan ekipman yataklarinda yaglamanin iyi oldugu, yiiksek yiik ve diisiik hiz
uygulamalarinda daha ¢ok tercih edilirler [5].

Nikel aliminyum bronzu (NAB) (CuAl10Ni5Fe4), aliminyum, nikel ve demir metallerinin katkisi
ile olusan bakir esash bir alasimdir. Ustiin mekanik 6zellikleri sayesinde kullanimu siirekli artan
bir alagim ¢esididir. Miikkemmel korozyon ve asinma direnci olan NAB ayni zamanda ¢ok iyi
sertlik ve mukavemet degerlerine sahiptir. Bu alasim, iistiin Ozellikleri nedeni ile makine
imalatgilarinin, gemi sanayinin ve hatta havacilik sektoriiniin bir¢ok yerde kullandigi bir
endiistriyel malzeme haline gelmistir [6-9].

Nikel aliminyum bronzu (NAB) olarak isimlendirilen CuAl10Ni5Fe4 alasimi, diisiik siirtiinme
katsayisi, iyi asinma dayanimi, miikkemmel korozyon direnci, iyi kirilma toklugu, yliksek
soniimleme kapasitesi ve iyi yorulma direnci gibi Ozellikleri yiiziinden genis Ol¢iide makine
imalatinda, gemi sektoriinde ve hatta havacilik uygulamalarinda kullanilan bakir esasli bir
alagimdir. Nikel aliiminyum bronzu esasinda bir bronz degildir, tek benzerlikleri her ikisinin de
bakir alagimi1 olmasidir. Aliiminyum bronzunun bu malzeme ile ismini paylagsmasi gercegi ise, bazi
gegmis soylentilerin bir pargasidir [8-13].

2. Deneysel Calismalar

Bu ¢alismada, CuAl10Ni5Fe4 nikel aliiminyum bronzu (NAB) kullanilmistir. Ingot halinde temin
edilen alagimin bilesim oranlar1 ag.% 78,2Cu, 10Al, 5Ni, 4,8Fe, 1,5Mn ve 0,5 diger seklindedir.
Uretimler Karadeniz Teknik Universitesi Metalurji ve Malzeme Miihendisligi Béliimii’nde
bulunan eriyik savurma cihazi ile gerceklestirilmistir (Sekil 1). iki farkli sekilde gerceklestirilen
tiretimlerden ilki freon gazi ile sogutulmus ve yiizeyi diiz olan disk ile yapilirken ikincisi diiz olan
diskin yiizey sekli degistirilip dokulu hale getirildikten sonra yapilmistir (Sekil 2). Serit veya toz
tiretme islemleri, her iki disk i¢in de, 0,5x8 mm boyutlarinda dikdortgen kesitli nozul, 52 m.s™’lik
disk hizi, 0,6 bar’lik piiskiirtme gaz basinci ve 1200 °C s1vi metal sicakligi iiretim parametreleri
kullanilarak gergeklestirilmistir. Eriyik savurma tinitesi ile iretilen ince serit ve tozlar, kaba
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boyutlu olduklarindan dolay1, toz metaliirjisi ile dayanimi yiiksek parga tiretimi agisindan, yiiksek
enerjili bilyeli 6giitme islemi ile ogiitiilerek boyutlar kii¢iiltilmistiir. Bilyeli 6giitme islemi,
Fritsch Pulverisette 6 model 6giitme cihazinda, 300 rpm’ de Smm’ lik tungsten karbiir bilyeler ile
10/1 bilye/toz oraninda ve yiizey aktif madde olarak da %]l stearik asit ve aseton altinda
gerceklestirilmistir. Ogiitme siiresi 20 saat olarak belirlenmistir. Ogiitiilen tozlar tek eksenli, tek
tesirli hidrolik pres ile 700 MPa basing altinda preslenmistir. Preslenmis ham haldeki parcalarin
sinterlenmesi, argon atmosferi altindaki bir firinda 950 °C sicaklikta ve 3 saat siireyle
gergeklestirilmistir. Sinterleme sonrasi iiretilen pargalarin mekanik 6zellikleri agisindan makro
sertlik dlctimleri gergeklestirilmistir. Vickers sertlik 6l¢timii, batict ug olarak tepe agis1 136° olan
elmas kare piramit kullanilmis olup, 10 kg yiik 25 saniye siiresince uygulanmistir.

Sekil 1. Deneysel ¢alismalarda kullanilan eriyik savurma cihazinin sematik resmi.

Sekil 2. Kullanilan diskler. a) sogutulmus diiz disk, b) dokulu disk
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Eriyik savurma yontemiyle farkli disklerle iiretilen tozlardan presleme ve sinterleme yoluyla elde
edilen T/M iriinlerinin siirtinme ve asinma Ozelliklerinin belirlenmesinde blok-on-disk tipi
asinma deney diizenegi kullanildi. Blok-on-disk tipi asinma deney diizeneginin goriintiisii Sekil
3’te, verilmistir. Deney diizeneginde kars1 yiizey olarak SAE 4140 celiginden imal edilmis bir disk
malzemesi kullanilmis olup yiizey sertligi 55+1 RSD-C, ¢ap1 210 mm ve kalinlig1 ise 20 mm’ dir.
Triboloji testlerine tabi tutulan numunelerin disk ile temas eden yizeyleri 10x5 mm
boyutlarindadir.

Malzemelerin asinma direnci ise belli yiik, ¢cevresel hiz ve alinan yol (devir) sartlarinda olusan
malzeme kaybi olarak degerlendirilmistir. Her bir numunenin siirtiinme katsay1s1 ve asinma direnci
sabit 0,5 m/s kayma hizinda, 0,5 MPa, 1 MPa ve 1,5 MPa basing altinda deney parametreleriyle
tespit edilmistir. Deneylerde 2500 m, 5000 m ve 10000 m olmak iizere 3 farkli deger icin agirlik
kayb1 6lgiilmiistiir. Ozgiil asmnma kaybi, deney sirasinda numunedeki kiitle kayiplarmin
Olclilmesiyle belirlendi. Numuneler deney oncesi ve deney sonrasi 0,1 mg hassasiyetli elektronik
terazide tartildi ve asagida verilen formiille hesaplanmistir [14]:

B Am
~pF.V.
p.F,. V.1 1)

Burada W 6zgiil asinma miktar1 (mm%Nm), Am kiitle kaybi (g), P yogunluk (g/mm®), Fn normal
yuk (N), V kayma hiz1 (m/s), t deney siiresi (s)’ dir.

Sekil 3. Blok-on-disk tipi deney diizenegi
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3. Bulgular ve Tartisma

Bu c¢alismada, ylizeyi diiz ve dokulu diskler kullanilarak eriyik savurma yodntemi ile
CUuAlIl10Ni5Fe4 alasimindan toz iiretimi ¢alismasinda, tiretilen tozlar 36, 45, 63, 90, 125, 180, 250
ve 355 um’luk elek serisi kullanilarak eleme islemine tabi tutulmus ve elde edilen sonuglardan toz
boyutu dagilimi ortaya ¢ikartilmistir. Her bir disk i¢in elek araligina gore elde edilen toz boyutu
dagilimlar1 Sekil 4’ te verilmistir. Sekilden goriilecegi iizere, yiizeyi dokulu disk ile yapilan
uretimde ylzeyi diz diske gore daha ince boyutlu toz elde edilmistir. Yiizeyi dokulu disk ile
tiretilen tozlarin %53,99’u 355 um altinda iken, yiizeyi diiz disk ile yapilan iiretimlerde bu deger
%46,37°dir. Ayrica yiizeyi dokulu disk ile yapilan iiretimlerde 36 um altinda bulunan toz orani
%7,99 iken, yiizeyi diiz disk ile iiretilen tozlarda bu deger %6,01 dir.

Sekil 4. Eriyik savurma yonteminde farkli yiizey profiline sahip diskler kullanilarak iiretilen
tozlarin elek analizi sonuglari.

Hem diiz disk hem de dokulu disk kullanilarak NAB alagimindan eriyik savurma yontemiyle serit
ve toz Uretilmistir. Her iki sekilde iiretilen toz numunelerin SEM’ de ¢ekilen morfolojileri Sekil 5°
te verilmistir. Sekil 5’ te goriildiigii lizere, diiz disk ile iiretilen tozlar daha kiiresel sekilli olmakla
birlikte cubuksu ve diizensiz tozlar da icermektedir. Dokulu disk ile Uretilen tozlar ise nispeten
daha yassi, elyafsi, gubuksu ve diizensiz sekildedirler.
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Sekil 5. Eriyik savurma yontemiyle a) sogutulmus diiz disk, b) dokulu disk kullanilarak tiretilen
CuAl10Ni5Fe4 alasimi tozlarin SEM’ de ¢ekilen mikro fotograflari.

Eriyik savurma yontemiyle farkl yiizey profillerinde diskler kullanilarak iiretilen CuAILONi5Fe4
alagimi tozlarinin boyutlarinin, toz metalurjisi yontemi ile parca liretmeye uygun olmamasindan
dolay1, bu tozlar 6giitme islemine tabi tutulmuslardir. Bu amagla, eriyik savurma sonrasi iiretilen
elyafs seritler ve tozlar yiiksek enerjili bilyeli 6giitme islemine tabi tutulmuslardir. Bilyeli 6giitme
islemi, alagim tozlarinin oksitlenmeye olan egilimlerinden dolay1 koruyucu 6zellikteki yiizey aktif
madde ortaminda (stearik asit+aseton) gerceklestirilmistir. Ogiitme dncesi cogunlukla kiiresel, az
miktarda ¢ubuksu ve pulsu sekilde olan tozlarin, 6glitme sonrasi diizensiz sekilli, cubuksu ve yassi
tozlara doniistligii goriilmektedir (Sekil 6). 20 saatlik 6gilitme siiresi i¢in ortalama pargacik boyutu
yaklasik 7 pm olarak ol¢iilmiistiir. Mikro fotograflardan, dgiitiilen tozlarin topaklandigi tespit
edilmistir.
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Sekil 6. Uretilen tozlarm 20 saat dgiitme islemi sonrast SEM’ de ¢ekilen mikro fotograflari. a)
Kicuk buyultmedeki goruntu, b)ylksek buyutmedeki gorintd.

Bu ¢alisma kapsaminda ¢alisilan CuAll0Ni5Fe4 alasimindan eriyik savurma yontemiyle gerek
dokulu disk ve gerekse sogutulmus diiz disk kullanilarak elde edilen tozlardan presleme ve
sinterleme ile iiretilen kompakt pargalarin sinterleme sonras1 mikroyapida olabilecek degisiklikleri
ortaya koyabilmek amaciyla SEM’ de mikroyap1 incelemeleri yapilmis ve XRD ¢alismalari
gerceklestirilmistir. Hem sogutulmus disk hem de dokulu disk kullanilarak {iretilen tozlardan elde
edilen kompakt parcgalarin sinterleme sonrasi SEM’ de elde edilen mikro yapist Sekil 7° de
gosterilmistir. Preslenen ham parcalar 950 °C sicaklikta 3 saat siireyle sinterlenmislerdir. Sekil 7’
de verilen mikroyapilardan da goriildiigii gibi, tozlarin hizli katilastirma sonucunda olusmus
mikroyapilar1 biiyiik Olgiide degismis, hemen hemen ingot mikroyapisina benzer bir yapi
olusmustur. Bu durumun olusmasinda 950°C gibi nispeten yliksek sicaklikta ve 3 saat siireyle
sinterlemenin yapilmasinin etkili oldugu diisiiniilmektedir. Sinterleme sonrast mikroyapida a-
bakir matrisi igerisinde dagilmis durumda «,, k., kv metaller arasi bilesik kappa fazlar
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olusmustur. a-bakir matris faz1 agik gri renkte olup, bu faz igerisinde dagilmig halde koyu renkte
Ku, K, Kiv metaller arasi bilesik fazlar1 bulunmaktadir.

Eriyik savurma yontemiyle dokulu ve sogutulmus diiz diskler kullanilarak iretilen CuAl10Ni5Fe4
alasimi tozlardan elde edilen kompakt pargalarin sinterleme sonrasi mikroyapilarinda bulunan
fazlar belirlemek amaciyla XRD analizleri yapilmis ve sonuglar Sekil 8” de verilmistir. Sinterleme
sonrasi tozlarin baslangi¢ mikro yapilarindan farkli, yaklasik olarak alagimin ingot yapisi ile ayn1
faz yapisi elde edilmistir. XRD kirmim desenlerine gore sinterlenmis mikroyapinin a-matris fazi
Ve Ky, K, Kiv metaller arasi bilesik (kappa) fazlarindan olustugu tespit edilmistir [15-17].

v\i!; Fons :‘S’,

EHT = 1500k Signal A= ““‘Dp,m W,M x-mmlmdu-am;

. G s

'-'.\_& L % %
e -

EMT = 1500kV  Signal A= CZ BSD
WD = $0mm Mag= 1000KX

Sekil 7. Eriyik savurma yontemiyle a) sogutulmus diiz disk b) dokulu disk kullanilarak tiretilen
CuAl10Ni5Fe4 alasimi tozlardan elde edilen kompakt parcanin sinterleme sonrasi SEM’ de
cekilen mikroyapisi.

.....
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Sekil 8. Eriyik savurma yontemiyle dokulu ve sogutulmus diiz diskler kullanilarak iiretilen
CuAl10Ni5Fe4 alasimi tozlardan elde edilen kompakt pargalarin sinterleme sonrasi yapilan XRD
analizi sonuglari.

Toz metalurjisi yontemiyle iiretilmis parcalarin yogunluklari, Arsimet suya daldirma teknigi ile
Esitlik 2° de verilen esitlik yardimiyla tayin edilmistir. Karmasik sekillerde, Arsimet suya daldirma
teknigi, hacim ve dolayli olarak yogunluk ve gozenekliligi dlgmek icin kullanilir. Bu teknikte
numunenin kuru ortamdaki agirligi, yag emdirildikten sonraki agirlig: ve bir tel yardimiyla sudaki
asili agirligi hesaplanir ve asagida verilen formiille yogunlugu tayin edilir [ 18]:

_ W1 . QW
P W W wiy) (2)
Burada; p: gdzenekli malzemenin yogunlugu, W1: numunenin kuru agirhigi, W2: yag emdirildikten
sonraki agirligini, W3: suya daldirildiktan sonraki agirlik, Qw: suyun sicakliga bagl yogunlugu
(Qw =1,0017-0,0002315T ve T’de, °C olarak suyun sicakligidir), Wy : telin sudaki agirligini ifade
eder.

Tablo 1’ de eriyik savurma yontemiyle dokulu ve sogutulmus diiz diskler kullanilarak elde edilen
tozlardan, presleme ve sinterleme yoOntemiyle {iretilen pargalarin yogunluklar1 verilmistir.
Sogutulmus diiz disk ile iiretilen tozlardan T/M yoOntemiyle iiretilen parcalarin yogunlugu 6,13
g/cm? iken, dokulu disk ile iiretilen tozlardan T/M yontemiyle iiretilen pargalarinki ise 5,95 g/cm?®
bulunmustur. Ortaya ¢ikan bu farkin tozlarin soguma hizindan ve neticesinde olusan mikro
yapidan kaynaklandig diisiiniilmektedir. Ote yandan, ingot haldeki alasimm yogunlugu ilgili
{iretici firma tarafindan 7,5 g/cm?® olarak belirtilmisti. T/M iiriinlerinde gdzenek oranmnin nispeten
yiiksek ¢ikmasinin sebebi tozlarin presleme isleminin tek eksenli ve tek tesirli sikistirma seklinde
olmasindan kaynaklanmaktadir [18].
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Uretilen kompakt pargalarmin makro sertlikleri Brinell & Vickers makro sertlik cihazi yardimiyla
Ol¢iilmiis, sertlik degerleri hesaplanmistir (Tablo 1). En yiiksek sertlik degeri ingot malzemede
tespit edilmistir. Eriyik savurma yonteminde sogutulmus disk ile hizli katilastirilan tozlardan
tiretilen kompakt parcalarinin, dokulu disk ile iiretilen kompakt parcalara gore sertlik degerlerinin
yliksek olmasinin sebebi de gozenek yapisinin daha az olmasi ve presleme ve sinterleme 6ncesi
yliksek olan tozlarin sertliginin korunamamasindan kaynaklandigi diistiniilmektedir [18].

Tablo 1. CuAl10Ni5Fe4 ingot alasimi ve farkli diskler kullanilarak hizli katilastirilan tozlardan
tiretilen kompakt parcalarinin yogunlugu ve makro sertlik degerleri.

Yogunluk, | Gozenek | Vickers Sertlik
(g/cm?) | Oram, (%) | Degeri, (2-)

Disk Profil Turu

Dokulu Disk 5,95 20,66 165
Sogutulmus Diiz Disk 6,13 18,26 185
Ingot 7,5 - 189

Eriyik savurma cihaziyla dokulu disk kullanarak hizli katilastirilmis tozlar iiretilmis olup iiretilen
tozlardan numuneler kompakt hale getirilmis ve numunelerin tribolojik 6zellikleri incelenmistir.
Numunelerin siirtiinme ile asinma O6zellikleri Tablo 2 ve Sekil 9’ da verilmistir. Burada
numunelerin siirtlinme katsayisi artan yiik ile azalirken 6zgiil asinma degerlerinde belirgin degisim
elde edilememistir. T/M ile iiretilen numunelerin hem siirtiinme katsayilar1 hem de 6zgiil asinma
degerlerinin ingot degerlerine gore daha diisiik oldugu tespit edilmistir. Bunun nedeni oncelikle
T/M ile elde edilen parcgalarin gozenekli olmasina baglanmistir. Ayrica numune yiizeyinden kopan
asinma parcaciklarinin tekrar numune ylizeyine yapismast ve ylizeyde daha genis siirtlinme
filminin olusmasi da diger bir etken olarak diisiiniilmektedir [19,20].

Sekil 10’ da ise 0,5 MPa, 1 MPa, 1,5 MPa basing altinda, sabit 0,5 m/s kayma hizinda ve 10000
metre kayma mesafesi sonunda sogutulmus diiz disk ve dokulu disk kullanilarak iiretilen
numunelerin aginma yiizeylerinin SEM goriintiileri verilmistir. Burada siirtiinme tabakasinin artan
ylk ile birlikte artti§1 buna ilaveten numune yiizeylerinde ¢iziklerin de olustugu goriilmektedir.

Sekil 11° de asinma testi esnasinda olusan asinma parcaciklarin SEM goriintiileri verilmistir. 0,5
MPa yiik degerinde elde edilen ortalama pargacik boyutu 1,76 um iken, 1 MPa ve 1,5 MPa
basinglarda bu degerler 2,16 um ve 2,95 um’ dur. Elde edilen bu degerler CuAl10Ni5Fe4 ingot
malzemesiyle yapilan asinma testleriyle elde edilen sonuglara nazaran daha diistiktiir.

Siirtlinme esnasinda olusan asinma parcaciklarinin SEM goriintiileri Sekil 11° de verilmistir.
Asimma parcacik boyutlar1 0,5 MPa, 1 MPa ve 1,5 MPa basing degerlerinde sirasiyla 1,58 pm,
2,07 pm ve 2,69 um olarak bulunmustur. Bu degerlerin ingot malzemesi ve dokulu disk ile hizli
katilagtirilan  tozlardan {iretilen numune asinma pargaciklarindan daha diisik oldugu
anlasilmaktadir.
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Tablo 2. Dokulu disk ile hizli katilagtirilan tozlardan iiretilen kompakt parcalarin farkli yiik ve
kayma mesafelerindeki ortalama slrtlinme katsayis1 ve 6zgiil asinma degerleri.

Ortalama Alinan Yol, (m)
Disk | Uygulanan Yuik, | Sdrtinme 2500 m ‘ 5000 m |10000m
Turd (MPa) Katsayisi, (1) . .
(10000m) Ozgiil Asinma, (Mm3/N.m)
Duz 0.5 MPa 0,39 1,94x107° | 2,34x107° | 2,46%x10°
Dokulu ' 0,40 2,79x107° | 2,82x10° | 2,65x10
Diiz 1 MPa 0,33 2,01x10° | 2,52x10 | 2,68x10°
Dokulu 0,35 2,99x107° | 2,67x107° | 2,72x10°
Duz 15 MPa 0,29 2,49x107° | 2,55x107° | 2,71x10°
Dokulu ’ 0,30 2,83x10° | 2,97x10° | 2,88x10°
3 ——05MPa
081 —— 1MPa
- —1,5 MPa
é 0.6 -
5
g
5 044
-
b
0.2

T T T
4000 6000 8000 10000

Alinan vol, m

T T
0 2000

Siirtiinme katsayisi,

¥ gipgonon  A

T T 1
4000 6000 8000 10000
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0 20100
Sekil 9. a)Sogutulmus diiz disk, b) dokulu disk ile hizli katilagtirilan tozlardan tiretilen kompakt

parcalarin farkl yiikler altindaki siirtlinme katsayisinin 10000 metre kayma mesafesi ile
degisimi.
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Sekil 10. Sogutulmus diiz disk ile a) 0,5 MPa, b) 1MPa, ¢) 1,5 MPa basin¢larda; dokulu disk ile
d) 0,5MPa, €)1 MPa, 1) 1,5 MPa basinglarda, 0,5 m/s kayma hizinda ve 10000 metre kayma
mesafesi sonucundaki asinma yiizeylerinin SEM goriintiisii.
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Sekil 11. Sogutulmus diiz disk ile CuAl10Ni5Fe4 tozlarindan iiretilen kompakt parcalarin a) 0,5
MPa, b) 1 MPa, c) 1,5 MPa basing altindaki; dokulu disk ile CuAl10Ni5Fe4 tozlarindan iiretilen
kompakt pargalarin d) 0,5 MPa, ) IMPa, f) 1,5 MPa basing altindaki aginma parcaciklarinin
SEM goruntuleri.

4. Sonuclar

Yiizeyi dokulu disk ile tiretilen tozlarin %53,99’u 355 pm altinda iken, yiizeyi diiz disk ile
yapilan tiretimlerde bu deger %46,37’dir. Ayrica ylizeyi dokulu disk ile yapilan tiretimlerde

36 um altinda bulunan toz oranm1 %7,99 iken, yiizeyi diiz disk ile {iretilen tozlarda bu deger
%6,01°dir.
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Diiz disk ile iiretilen tozlar daha kiiresel sekilli olmakla birlikte gubuksu ve diizensiz tozlar da
icermektedir. Dokulu disk ile iiretilen tozlar ise nispeten daha yassi, elyafsi, cubuksu ve
diizensiz sekildedirler.

Sinterlenmis mikroyapinin a-matris fazi ve K, ki, K,y metaller arasi bilesik (kappa) fazlarindan
olustugu tespit edilmistir

Diiz disk ile yapilan tozlardan elde edilen tiribolojik sonuglar, 0,5 MPa yiik degerinde elde
edilen ortalama parcacik boyutu 1,76 pm iken, 1 MPa ve 1,5 MPa basinglarda bu degerler 2,16
pum ve 2,95 um’ dur. Dokulu diskten elde edilen tozlardan yapilan bulk numunenin aginma
parcacik boyutlar1 0,5 MPa, 1 MPa ve 1,5 MPa basing degerlerinde sirasiyla 1,58 um, 2,07 um
ve 2,69 um olarak bulunmustur.

Tesekkiir: Bu calisma, Karadeniz Teknik Universitesi Bilimsel Arastirma Projeleri (FBA-2021-
9396) tarafindan desteklenmistir.
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Abstract

7xxx series aluminum alloys contain 4-8% Zn and 1-3% Mg and are ideal materials for aircraft,
aerospace, defense and automotive industries since they have higher hardness and strength
compared to other aluminum alloys. High hardness and strength values in heat treatable 2XXX,
BXXX, 7XXX and 9XXX series aluminum alloys are obtained by precipitation hardening heat
treatment consisting of solution, quenching and aging processes, respectively. In this study, it is
aimed to model the T6 heat treatment, which will be applied to increase the mechanical properties
of the A7075 alloy after hot forging, with the finite element method, to predict the physical
experiments to be carried out later. In order to verify the numerical model, results were compared
with hardness and tensile test result. In the numerical model, the specimen was modeled in each
T6 heat treatment steps and these simulation was performed with Q form UK 10.2.1 in 3D.
According to the results of the numerical model, the average hardness value was 199. 789 HB and
the tensile strength was 609,319 Mpa, while the experimental data were found to be 189,7 HB and
605,406 Mpa on average.

Keywords: A7075, hot forging, heat treatment, finite element model, experimental verification,
closed die, aging, hardness, UTS

1. Introduction

Since aluminum and its alloys have many excellent properties such as low density, good corrosion
resistance, machinability, electrical conduction compared to other materials, they are widely used
in the aerospace, defense and automotive industries. As seen in Figure 1, high strength light metals
are required to be used in the aerospace, defense and automotive industries and some examples are
given. 7xxx series aluminum alloys contain 4-8% Zn and 1-3% Mg and are ideal materials for
aircraft, aerospace and automotive industries since they have higher hardness and strength
compared to other aluminum alloys. [1]
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Figure 1: Aluminum Alloy Parts Which are Used in Automotive Industry.

High hardness and strength values in heat treatable 2XXX, 6 XXX, 7XXX and 9XXX series
aluminum alloys are obtained by precipitation hardening heat treatment consisting of solution,
quenching and aging processes, respectively. [7] In this study, it is aimed to model the T6 heat
treatment, which will be applied to increase the mechanical properties of the A7075 alloy after hot
forging, with the finite element method. Also it is aimed to predict the physical experiments to be
carried out later and verify the established numerical model with the physical test results.

2. Materials and Methods

2.1 FEM analysis of the Closed Die Hot Forging

Forging is a plastic deformation process. In forging, the simple billet geometry is transformed into
a complex geometry by applying the necessary pressure to the material with the help of forging
machines such as hammers and presses.[4] Residual stresses occur on the surface and internal
structure of the part due to deformation and thermal gradients that occur during the forming
process.[6] Residual stresses in hot forging seriously reduce machining accuracy and stability of
parts.[9] This is the main cause of deformation during subsequent machining. Therefore, in this
study, in order to model the heat treatment with finite element analysis, the hot forging process
should be modeled with the finite element method firstly.

2.1.1 Billet and Material Characterization

Q form has a material database containing chemical composition, physical and mechanical
properties of certain metals such as aluminum, copper, magnesium, steel, tool steel. The chemical
composition given in the database for 7075 aluminum alloy are shown in Figure 2. As seen in
Figure 3, yield stress-strain curves of A7075 alloy, yield stress in the QFORM material database
are defined as a function of three variables as in equation (1); strain, deformation rate and
temperature:

as = f(&¢T) 1)
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Figure 2: The Chemical Composition of the A7075
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Figure 3: The Flow Stress-Strain Graph of the A7075 in 350°C

The mold material to be used in finite element analysis and experiments is DIN 1.2243. It is a
standard hot work tool steel with high thermal conductivity and wear resistance. This steel, which
has high impact resistance, can be improved by applying nitration process. Mold material, mold
temperature, press bench properties are defined as specified in the boundary conditions.

2.1.2 Boundary Conditions

When modeling with the finite element method, the boundary conditions of the result to be
calculated must be defined. When performing hot forging analysis, important boundary conditions
such as forging temperature, friction model, and press selection must be defined. Two friction
models, Levanov and Siebel, are defined in the Q form. It is stated that A.N.Levanov's friction
model is a special case [11, 12]. In addition, when Pavel Petrova's work is examined, it is seen that
the Levanov friction model specified in equation 2 and Siebel Prandtl's friction model were
compared, and it was stated that Levanov's friction model was successful in modeling the friction
between the work piece and mold except in extreme cases. The friction factor coefficient (m) is
defined as 0.5, since a mixture of water and graphite is sprayed into the preform and final shape
chambers in the forging die in order to prevent sticking and reduce friction during the forging
operation. [21]

A.N.Levanov's friction model;

X =m (1 — exp (—1.25 Gio)) )

Tmax
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In Levanov friction model,di represents (contact pressure / equivalent yield stress, m represents
0
Tk

friction factor coefficient, normalized friction stress. [21] Obtaining and maintaining suitable

Tmax

preheat metal temperatures in forging aluminum alloys, is a critical process variable which is vital
to the success of the machining process. For other alloys that are more difficult to forge, such as
the 2xxx and 7xxx series, the change in flow stress associated with the change in work piece
temperature is even greater. The main reason aluminum alloys are more difficult to forge is to
maintain relatively narrow forging temperature ranges [7] As in Figure 4, the temperature of the
work piece is defined as 380°C, in line with the information obtained from the literature and the
industrial experience of companies that perform hot forging operations such as Birinci.

In addition to the dies used in forging, forging presses are an important element for forging part
production. Mechanical presses are capable of producing a wide variety of forgings. Considering
the contact time between the work piece and the mold, mechanical presses are slower than
hammers [13]. In this study, a 3150 ton SMERAL LZK3150 crankshaft press, which is called
Maxi press in the industry, will be used. In the finite element analysis, the characteristics of the
crankshaft press are defined in Q form.

Figure 4: Forgeability Graph and Forging Temperature Range Table of Aluminum Alloys

As the final boundary condition, the desired amount of burr thickness is defined as the die stop
condition. In this study, the burr thickness of the final shape was defined as 5 mm in the last blow.

2.1.3 Analysis of the Closed Die Hot Forging Model

After importing the 3D CAD model and defining boundary conditions and mold stopping
conditions, 3 strokes are defined as in Qform as pre-forming, pre-forging and final shaping. Mesh
element dimensions of the work piece and molds are defined as maximum 5 mm. When we
examine the analysis result, the total number of meshes in the work piece is 572,314.
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Figure 5: Numerical result of the Hot Forging

Upon completion of the forging analysis, filling success, burr geometry and burr thickness of the
pre-forging and forging blows were examined. Last stage was shown in figure 5. Molds are
successfully filled in both pre-forging and forging stages. Although not shown here, the results
were simulated step by step and the lap formation of the preform and forging stages was also
examined and no lap formation was found on the work piece during the analysis.

2.2 FEM analysis of the T6 Heat Treatment

After the forging processes are completed, the final mechanical properties of the forging (hardness,
yield strength, tensile strength, toughness, etc.) are provided by heat treatment.[5] The 2XXX,
B6XXX and 7XXX series aluminum alloys are heat treated to achieve the highest mechanical
properties. These alloys are somewhat strengthened during forging as they reduce grain size by
hot forging. Then, appropriate mechanical properties of the part are developed by heat treatment.
After forging, the materials are subjected to solution heat treatment at a temperature just below the
solidification temperature, then cooled with water and artificially aged above room temperature
for several hours. It has long been known that heat treatment of precipitation hardened aluminum
alloys produces high residual stresses [2]. Therefore, in this study, the results obtained by the
forging analysis will be linked to the heat treatment analysis and modeled with the finite element
method in the Q form program to predict the mechanical properties after heat treatment.

2.2.1 Billet Thermal Characterization

After the part is forged, it undergoes a series of heat treatments to improve its microstructure and
material properties (e.g. toughness, strength, creep, fatigue) [6]. In T6 heat treatment modeling, in
order to obtain a realistic result, first of all, the part is cooled a little after forging and hot burr
cutting is performed, and then it is completely cooled at room temperature. In order to apply T6
heat treatment to the cooled work piece, solution taking, quenching and aging processes are
performed respectively as indicated in the temperature time graph in Figure 6.

For precipitation hardening, an alloy with a suitable chemical composition is heated to (a) T1
temperature in order to obtain a single-phase structure and left until all phases in the alloy dissolve
in a single phase. Then, it is aged by cooling in water. In precipitation hardening, the diffusion
mechanism works in the dissolution and collapse of the atoms forming the precipitate phases.
Therefore, temperature and time, which are diffusion parameters, are important factors in
precipitation hardening of aluminum alloys [14]. The diffusion conversion mechanism is defined
by the Johnson Mehl-Avrami-Koglomorov (JMAK) equation as in equation 3 [15, 16, 17].

&1 =1—exp(—b-t") 3)
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€51 is the volume ratio and describes the amount of solution at a given temperature, t is time, b
and n are temperature functions. The evolution of this phase transformation can be estimated
through an approximate solution using data from Time-Temperature-Transformation diagrams
(TTT). The Johnson—Mehl-Avrami equation is valid only for isothermal transformations. In order
to calculate the phase transformations by JMA equation and TTT curve, cooling curves are
regarded as a series of small isothermal time steps connected by instantaneous temperature
changes following constant volume fraction lines. The transformed volume fractions are then
calculated isothermally during each time step. For every phase transformation is assumed to occur
between certain temperature limits. [15, 16] The amount of dissolved alloy calculated with the
help of TTT curve and JMAK equation and the corresponding mechanical strength properties are
calculated in Q form with the help of equation 4.

do = d&s.(Fmin — Omax) (4)

Omin 1S the tensile strength (UTS) value in TO phase, g,,,, IS the tensile strength value in T6

phase. These two value can be a coefficient or a function of time. In this study, 0,,;, =230 Mpa.
and g,,4, =610 Mpa.

Figure 6. T6 Heat Treatment graph of the Aluminum Alloys

Before applying T6 heat treatment to the trimmed work piece, the T6 phase of the material must
be introduced to the Q form for the T6 heat treatment steps. The Time-Temperature-
Transformation (TTT) Table, which is in the Q form's library and required for the modeling of the
phase transformation, was used.

2.2.2 Analysis of the Heat Treatment Model

After the material characterization is introduced to the Q form, the T6 heat treatment steps are
modeled in the order shown in Figure 6 as follows;

Step 1: Heating to a solution heat treatment temperature

An alloy with a structure that dissolves in any ratio in the liquid state and partially in the solid state
is heated up to the temperature T1 above the solvus temperature indicated in the phase diagram of
the alloy, as shown in Figure 6, in order to obtain a single-phase structure (a)), and at this
temperature all the components in the alloy are heated. It is left until the phases (a and ) are
dissolved in a single phase. In this study, the solution temperature was determined as 480°C. [2,
18, 19, 20]

Step 2: Keeping it at solution temperature for a certain time depending on the profile thickness.
Holding time is also very important. The holding time varies depending on the temperature at
which the solution temperature, the annealing method, the type of material and similar factors.
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Prolonged holding time causes grain growth, increased diffusion, and color change. Depending on
the type of alloy, the holding time starts from 10 minutes for thin pieces and up to 12 hours for
thick pieces. For thick parts, a waiting time of 1 hour is accepted for every 1.5 cm of thickness in
the section. Since the thickness of the part to be used in this study is 27mm, it will be kept at 480
°C for 2 hours. [18]

Step 3: Rapid cooling in water or polymer glycol solution.

Quenching is done by rapidly cooling the single-phase a solid solution obtained by solution heat
treatment from a certain temperature T1 as seen in figure 6, not allowing precipitates to occur.
Hardenable alloys are unstable after quenching. Particles that cannot be seen even under the
microscope in the precipitation process block the dislocations, also create irregularities in the
structure and grain boundaries, and consequently increase the strength of the alloy. In this study,
water cooling at room temperature was performed.

Step 4: Waiting for precipitation hardening at room temperature (natural aging) or a suitable
temperature (artificial aging).

The last step of the precipitation hardening process, which is applied to obtain high mechanical
properties to aluminum alloys that can be hardened by heat treatment, is the aging heat treatment.
Artificial aging is carried out by heating the alloy to a temperature determined after the quenching
process, taking into account its chemical composition and desired mechanical properties, and
cooling it to room temperature in air after it is kept at this temperature for a certain period of time.
The applied temperature and time are very important in providing the expected mechanical
properties in the aging process. [8] In this study, artificial aging will be done at 120°C for 24 hours,
and then it will be stayed to cool automatically at room temperature.

After T6 heat treatment steps were modeled in Q form, when the analysis step size was defined as
0.5 sec in forging analysis and 50 sec in heat treatment analysis. As in forging analysis, mesh
element size is defined as maximum 5 mm in heat treatment analysis. When the analysis result
was examined, the total number of meshes in the work piece calculated as 572,314. As seen in
Figure 7, the hardness values after the heat treatment were calculated as an average of 199.789 HB
average tensile strength value of 609,319 Mpa. As a result of the analysis, the most important
factor in the hardness of the alloy was determined as the cooling rate and temperature.

3. Results and Discussion

At the end of the numerical and experimental study, mold filling success, burr geometry and burr
thickness were investigated. As a result of the forging test performed with the parameters
determined in the previous sections, unfilled sections was not observed on the part in both
numerical and experimental studies, and the burr geometry is similar in both numerical and
experimental studies. While the burr thickness is 5.07 mm in the numerical study, the burr
thickness is 5.2 mm as a result of the experimental study. After forging, the geometric dimensions
of the work piece are within the forging tolerances determined according to the EN10243 standard.
After forging analyzes were confirmed by experimental results, T6 heat treatment was carried out
experimentally. Hardness Measurements were done by 3 points and results are given in table 1.
BMS 3000-OBC Brinell hardness measuring machine was used for hardness measurement and 3
kg load was applied. Besides, after the hardness measurement, Tensile Test were done and results
were given in Table 2. Universal Tensile Test Machine with 1000 KN capacity was used for tensile
test.
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Figure 7. T6 Heat Treatment Results (a) Hardness (b) Tensile Strength

Table 1. Hardness measurement after T6 Heat Treatment. (Experimental)

Work Hardness Hardness Hardness Average Hardness Numerical
- Measurement 3 Measurement Hardness
piece Measurement 1 Measurement 2
#) (HB) (HB) (HB) (HB) Measurement
(HB)
1 187.8 189.2 186.5 187.8 199789
189,9 191,6 '

2 192,2 192,6

Table 2. Ultimate Tensile Strength (UTS) results after T6 Heat Treatment. (Experimental)

Numerical
Work piece (#) Experimental UTS Measurement (Mpa) UTS
Measurement (Mpa)
598,213
609,319
2 612,581
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4. Conclusions

In this study, closed die hot forging operation and T6 heat treatment operations for A7075

aluminum alloys, were successfully modeled with FEM. When the numerical and experimental

results are compared, it is seen that the hardness value and tensile strength values were estimated

correctly with a 5% margin of error. After conducting finite element modeling and simulation of

hot forging and T6 heat treatment of A7075 aluminum and comparing the results with

experimental data, the following conclusions can be drawn:

Forging Temperature of the A7075: 380°C

Friction Rule: Levanov

Coefficient of Friction Factor (m):0.5

Levanov Coefficient: 1,25

e Chemical and material properties of the A7075 was successfully modeled.

e In order to obtain final shape in forging, preforming and pre forging step was successfully
modeled.

e Levanov Friction model was used and was successful in modeling the closed die hot forging.

e The Mehl-Avrami-Kolmogorov (JMAK) equation was used and was successful in modeling
the T6 heat treatment.
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Abstract

Magnesium based alloys are one group of promising candidates for biodegradable bone implant
applications. However, their high rate degradation in human body environment is an obstacle and
should be treated. In this study Mg—-4Zn-0.3Ca alloy surfaces are blasted with calcium phosphate
particles of hydroxyapatite (HA) and bioglass 45S5 (denoted as BG) in order to enhance their
corrosion resistance and biocompatibility. Characterization of the blasted surfaces was focused
on the microstructure and topography changes. Series of analysis were conducted such as X-ray
diffractometer (XRD), scanning electron microscopy (SEM) with energy dispersive X-ray
(EDX) and electrochemical measurements using simulated body fluid (SBF) solution. XRD
detected mainly the presence of Mg substrate and secondary phase of Ca2Mg6Zn3 with minor
embedded calcium phosphate phases on the roughened surface. The SEM results revealed that
the deformation of the BG blasted surface is more severe compared to that of HA blasted surface
with small portion of impregnated particles. The BG blasted Mg-4Zn-0.3Ca alloy improves the
corrosion behaviour due to an increase in the surfaces roughness and partly particles
impregnation. In comparison, the BG blasted sample indicates the best corrosion resistance in
SBF solution followed by HA blasted and non-blasted samples. This has proven that the calcium
phosphate of HA and BG particles air abrasive blasting could enhance the corrosion resistance of
the Mg-4Zn-0.3Ca alloy.

Keywords: Mg-4Zn-0.3Ca, alloy, corrosion, blasted

1. Introduction

Magnesium alloys are widely used for structural applications in many structural engineering
applications. Despite having high specific strength, magnesium alloys exhibit poor corrosion
resistance and do not have a stable passive film for long-term protection from further corrosion.
The poor corrosion resistance becomes a major drawback, and many studies have been made on
improving this [1-3]. Due to that property, magnesium alloys can be utilized as biomedical
temporary implants in corrosive media and act as structural materials in human body where Mg
involves in metabolic reactions and physiological mechanisms. Mg ions are imperative to the
basic nucleic acid chemistry of living organisms. In comparison to implant materials such as Co,
Ti and stainless steel, Mg and its alloys have many advantages such as the low density, low
Young’s modulus, having almost similar density and elastic modulus of natural bone. Hence, Mg
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and Mg alloys currently draw the attention to be used as biodegradable implant materials, like
cardiovascular or orthopaedic devices [4,5].

Modification on surface of Mg based alloys with biocompatible calcium phosphate coatings in
orderto control the corrosion performance might be an effective approach [6,7]. Currently,
various calcium phosphates are widely used as bioactive coating for metallic substrates such as
Ti alloys [8], stainless steel [9] and Mg alloys [10] especially bioactive glass and hydroxyapatite.
They have the major mineral component of human bones and ability to bond chemically with
natural bones.

Until now, many attempts have been developed to prepare calcium phosphate coatings on
metallic substrates, such as plasma spraying, sol-gel process, electrochemical deposition,
biomimetic process, pulsed laser deposition, etc [11-16]. Electrochemical deposition has been
receiving more attention for Mg-based implants due to its ease of operation and practicability for
coating complex structures [17,18]. Pulsed laser deposition (PLD) technique has also lately
shown many successful biomaterials films deposition on metallic substrates[19,20]. The
advantages PLD over other techniques are congruent transfer of target composition to coatings,
creating good bonding between coating and substrate materials, allowing possibility to control
crystallinity and surface roughness. Various target materials could be ablated and almost any
substrates could be possibly coated. However this technique is very expensive and needs more
safety precautions during coating process.

Apart from coating, changing physical surface of the metallic substrates could possibly improve
their corrosion resistance. A long-term interfacial bond between an implant and bone may be
improved by creating a rough or porous surface through plastic deformation and micro cutting
phenomenon on the implant in order to increase the surface area available for biological
bone/implant adhesion [21]. There are many methods to create a rough surface on an implant
surface [22]. Air abrasive blasting technique is a simple technique which has ever been
attempted to modify surface chemistry of many metals and alloys surfaces. The blasting
materials like alumina, zirconia, silica, HA etc. are frequently used as a blasting media. The
blasting process applied for the surface properties of titanium based implant materials is widely
used in medical applications. Nowadays, zirconia, silica, and HA blasting powders are
performed extensively to modify surface topography and improve biocompatibility of the Ti-
based implant materials.

In this research, preliminary investigation of the effects of HA and BG particles blastedMg-4Zn-
0.3Ca alloy surfaces on their corrosion resistance in simulated body fluids (SBF) is carried
out.The calcium phosphate particles air abrasive blasting process is expected to be able to
improve the chemical, topographical and biocompatibility characteristics of the magnesium
alloys in order to enable the temporal growth of the bone in body fluid.

2. Materials and methods

The experiments were carried out on Mg—4Zn-0.3Ca The Mg-6 wt.% Zn alloy described in Ref.
[23] and cut in the form of 1.0 cm X 1.0cm squares of 0.3 cm thickness. Polished surfaces were
prepared by abrading the sample surfaces with successively finer silicon carbide papers and then
mechanically polishing withl [im diamond paste to a mirror-like finish. The samples were
washed in running water and ultrasonically cleaned with distilled water. The samples finely
blasted with HA and BG particles with mean sizes of 32 um and 7.6 um respectively. The
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blasted samples were characterized by series of analysis such as scanning electron microscopy
(SEM) with energy dispersive X-ray (EDX) and X-ray diffractiometry (XRD). The corrosion
resistance of the samples was assessed by electrochemical measurements with pH 7.4 at 310K
open to air. The SBF solution was made of 750mL deionized water, 7.996gNaCl, 0.224gKCl,
0.35g NaHCO3, 0.278g CaCl2, 0.228gK2HP04.3H20, 0.071gNa2S04, 0.305g MgCI2.3H20
and 40cm3 1 kmol/m3HCI. The measurements were conducted in a three-electrode cell using a
platinum counter electrode and an Ag/AgCI reference electrode. Potentiodynamic polarization
curves were measured with a potential sweep rate of 1 mV/s.The samples were also immersed in
the SBF solution for 2 hours and 5 hours to preliminary observe the corrosion products
development in order to estimate their degradation rates.

3. Results and discussion

Generally, the blasting is based on the mechanical effects generated at the impact of hard
particles with metallic surface. The abrasive particles are directed to the substrate surface by
means of air jet. As a result, the blasting impact generates surface plastic deformation,
microcutting and micro cracking phenomenon.

XRD analysis

X-ray diffraction pattern, exhibited in Fig. 1, indicates that the HA blasted Mg-4.0Zn-0.3Ca
alloys microstructure consists of major a-Mg phase and minor phases of MgZn and Ca2Mg6Zn3
from the base alloy as well as have ever been reported [23]. A small contribution of calcium
phosphate phases from the remaining blasted particles was also detected. Oxide layer of the alloy
could not be detected because of severe surface deformation and impregnation of the blasting.
Normally most Mg alloy is covered with thin oxide layer (MgO) that helps protecting the metal
from attack by air.

Fig. 1. X-ray diffraction pattern of the HA and BG blasted Mg-42Zn-0.3Ca surface alloy.

But this thin layer is not strong enough to protect the Mg alloy from corrosive body fluids.
Typically the surface layer is unstable and breaks away because the crystalline lattice is easily
cleaved. The layers have a thickness of some nanometres [24-26]. The structure of this layer was
studied by Santamaria et al. [25] in detail using X-ray photoelectron spectroscopy (XPS) and
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photocurrent spectroscopy (PCS), which indicated that the layer consists of an inner MgO layer
of 2.5 nm and an outer Mg(OH)2 layer of 2.2 nm. Seyeux et al. [26] found indications of the
existence of MgH2 within this layer.

SEM and EDS analysis

The SEM micrographs of the HA and BG blasted Mg—4Zn-0.3Ca alloy surfaces are shown in
Fig. 2(a,b and c) in different magnifications. Fig. 2a shows SEM image of plain grey area of the
alloy original surface where the closed up view indicates grain boundary features of the alloy.
Whereas for the blasted samples, the SEM analysis reveals an irregular rough typical biphasic
structure consisting of bright areas (blasted particles) in a dark matrix (Mg-4Zn-0.3Ca) resulting
from the blasting process. As seen in Fig. 2b the HA particles distorted surface structure, were
broken and partly stained on it which could act as the corrosion barrier. A closer observation at
higher magnification of the HA blasted sample shows the presence stained spots and small
broken particles. Fig. 2c shows white BG particles distribution on the BG blasted surface. The
higher magnification reveals plastic deformation, microcutting, micro cracking and free broken
particles on the BG blasted surface.

Fig. 2. SEM images of the surface of (a) non-blasted, (b) HA blasted and (c) BG blasted
samples. Cross sectional SEM images of (d) HA blasted and(e) BG blasted samples. EDS
analysis of (f) point 1, (g) point 2 and point 3.

By comparing the topographical features of the blasted surfaces, BG particles seem to be harder.
Fig. 2d and 2ecompares the cross-section micrographs of the two blasted surfaces. It is clearly
seen that the BG blasted sample indicates rougher surface with embedded particles compared to
that of HA blasted sample. This implies that BG particles are harder than HA particles. Due to
that more BG particles embedded on the alloy surface as well as increase the corrosion resistance
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to the alloy. It is expected that the presence of embedded particles could enhance the in vitro
corrosion behaviour.

Apart from improving biological bone/implant adhesion, the stained and embedded HA and BG
particles on the alloy surface could also be the main contribution to the corrosion resistance of
the magnesium alloy. In summary, BG blasting gives more severe roughing surface compared to
that of HA blasting. In order to reveal the chemical composition of the blasted surfaces, EDS
was used to analyze the chemical composition and the results are shown in Fig. 2(f, g and h).
From the analysis results, it could be figured out that then on-blasted sample (Fig2f) is rich in
magnesium, oxygen and a small amount of oxygen, tellurium and zinc, indicating Mg(OH)2 film
containing phosphorus tellurium and zinc forms on the surface. Fig. 2g shows that the HA
blasted sample has the presence of high magnesium content with minor elements of particularly
oxygen, calcium, sodium and phosphorous. Whereas the magnesium content with minor
elements of oxygen, zinc, sodium and calcium are detected in the BG blasted surface (Fig. 2h).
This implies that the blasting process has slightly altered the chemical composition of the alloy
surface and enhances the alloy corrosion resistance.

Corrosion behavior

Potentiodynamic polarization behaviour of Mg-4.0Zn-0.3Ca alloy was depicted in Fig. 3. The
non-blasted alloy exhibited a corrosion current density of 4.105 x 10-4 A cm—2with an
associated corrosion potential of —1678 mV. Compared to non-blasted sample, the corrosion
potential of the HA and BG blasted samples were much more positive, shifting to —1579 mV and
—1358 mV respectively.

Fig. 3. The potentiodynamic polarization curves of Mg—4.0Zn-0.3Ca alloys in SBF solution.
It was noted that the corrosion current density of the HA and BG blasted samples were slightly
less than that of the non-blasted one, suggesting their higher resistance and much less corrosion
rate. By comparison, the BG blasted sample has a highest corrosion resistance, followed by HA
blasted and non-blasted samples which implies that the blasting and type of blasting particles
influence the corrosion behaviour. This has proven that HA and BG particles blasting has
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tendency to reduce the corrosion rate of the Mg—4Zn-0.3Ca alloy after the air abrasive blasting
process.

4. Conclusions

Calcium phosphate of HA and BG blasted Mg—-4Zn-0.3Ca surfaces were successfully prepared
by means of air abrasive blasting. The results obtained provide a good correspondence between
morphological and electrochemical data for calcium phosphate blasted Mg—4Zn-0.3Ca surfaces.
By comparison, the BG blasted sample has the highest corrosion resistance, followed by HA
blasted and non-blasted samples which implies that the type and hardness of blasting particles
influence the topography features and corrosion behaviour as well. It was confirmed that surface
modification using air abrasive blasting technique could retard corrosion of Mg-4Zn-0.3Ca
alloys.
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Abstract

A case study which is founded on the methodology proposed in the previous papers of the
authors is presented. In the conducted case study Ag nanoparticles of d, = 1-10 nm are used at a
¢ range of 0.5% -2% in W and EG base fluids at 7" of 333 K and 363 K. Relative thermal
conductivity, k- and dynamic viscosity, u- of Ag-W and Ag-EG nanofluids are calculated. The
fitted equations of &, and x with d, of Ag-W and Ag-EG nanofluids are compared. The form of
the equations is as &, u, = a (d,)” + ¢ where a, b and ¢ equation constant. The fitted equations of
k- = k, (d,) are such that volumetric fraction is effective in reference to varying magnitudes of a
and c. At different T for W based fluid magnitude of 5 is varying while for EG base fluids
magnitude of b is independent of 7. The fitted equations of x = u, (d, ) are such that volumetric
fraction is effective in reference to magnitude of a while 7 is immaterial on the relationship for
both W and EG based fluids in reference to the same magnitudes of b and ¢. The decrease in d,
Is associated with increase in k- so minimum size of d, = 1 nm is the optimum one. However
drastical increase in u, is the disadvantage in terms of pumping power requirement with this
minimum size. Therefore d, = 5 nm can be used as the critical size providing acceptable viscous
resistance with acceptable thermal enhancement.

Keyword: Ag Nanoparticle, Ag-W Nanofluid, Ag-EG Nanofluid, Temperature, Critical Size,
Optimization

1. Introduction

It seems that size and amount- volumetric fraction of nanoparticles which are added to a base
fluid and temperature of the base fluid have an interactive influence on the thermophysical
properties of the generated nanofluid [1-3]. The decrease in nanoparticle size which is estimated
as 20 nm and the increase in the determined volumetric fraction (¢) range of 1%-5% cause an
enhancement of water (W) and ethylene glycol (EG) base fluids’ thermophysical properties at
temperatures (7) of 298 K and 323 K. In the determined range of ¢, the critical — minimum
possible size of nanoparticles at high temperatures T> 323 K is open to discussion. The relative
thermal conductivity of nanofluids (k.) is calculated by dividing thermal conductivity of
nanofluids by thermal conductivity of base fluids. The relative dynamic viscosity of nanofluids
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(ur) 1s calculated by dividing dynamic viscosity of nanofluids by dynamic viscosity of base
fluids [4].

The utilized equations in terms of nanoparticle Reynolds Number, Prandtl Number,
thermophysical properties of nanoparticle and base fluid, d,, ¢ and T are given in Table 1.

Table 1. Equations for calculation of k- and ..

References Equations

k, = Akr (:Bz(PZ + ﬂl(”) + 5,
0.78 1.25 112 13.9 c 5.35
4 = k—p In k_p i i Pof ReOLp 0%
" Ky iy d, Ly Crrer
Re= Potnds L Cp,y Moy
/ubf ' ﬂ-ppdp kbf

p2= 0.00019, S1=0.0045, By = 1.033 for W based nanofluids
[5-22] S2=-0.0008, p; =0.0716, By = 1.011 for EG based nanofluids

u, =4, (0" +np)+ 1,

2.4 h 18 T 8
o (2] [A) (% e
o d, T

n2=0.3136, 7,=0.5165, and 7y = 1.064 for W based nanofluids
n2=0.1167, n; = 0.4717,and 5o = 1.064 for EG based nanofluids

2. Materials and Methods

In the case study water (W) and ethylene glycol (EG) based nanofluids with spherical
nanoparticles of Ag with d, range of (1 nm -20 nm) are used with ¢ range of (0.5% -2%) and at
T =333 Kand T = 363 K. The range of ¢ and T is determined based on the experimental study
[12] related to k- and ur Ag-W nanofluids (¢ = 0.3%-0.9% and 7 = 323-363 K). The
thermophysical properties of Ag nanoparticle and W and EG base fluid (T = 333 K and 363 K) are
given in Table 2 and Table 3, respectively.

Table 2. Thermophysical properties of Ag nanoparticle.
Nanoparticle k,(W/m K) p,(kg/md)
Ag [23] 429 10500

In reference to Table 1, the magnitudes of k. and wx, are calculated. The calculations are
expressed as a function of d, for ¢ as the governing parameter at T = 333 K and 363 K. The
graphical representations of &, versus d, and u, versus d, are given for Ag in W-based and EG
based nanofluids at T= 333 K, T= 363 K in Figure 1 and 2, respectively. Due to the values of k.
and u-, MATLAB semilogy function is used to plot the logarithmic scale in y axis corresponding
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to k-and u,- with a linear scale in x axis corresponding to d,. In Figure 1 and 2, the fitted
equations are calculated for by using the power fit in the least-squares sense using MATLAB
Curve Fitting Toolbox.

(1)
where a, b and ¢ are constants.

Table 3. Thermophysical properties of base fluids [24].

Base fluids kyf(W/m K)  pp(kg/m3)  upp(Pas) Cpyr (IkgK)
W (333 K) 0.6536 983.1 0.00047 4185.2
W (363 K) 0.6758 964.9 0.00031 4206.6
EG (333 K) 0.2603 1087.8 0.00522 2561.9
EG (363 K) 0.2613 1071.8 0.00263 2695.8

3. Results and Discussion
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Figure 1. Variation of k.of Ag-W, Ag-EG nanofluids with d, and ¢
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at (a) 333 K and (b) 363 K
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As shown in Figure 1, decreasing d, and increasing ¢ enhance &, of the nanofluids for 333 K and
363 K. Lee et al. [25] points out that despite of thermal conductivity of EG being three times
lesser than that of water as shown in Table 3, it shows higher &, of Al.O3 and CuO-EG is higher
than k. of Al;Os3 and CuO-W. Therefore comparison of k. values of Ag-W and Ag-EG
nanofluids in Figure 1 shows that &, values of Ag-EG nanofluids are remarkably higher than %,

values of Ag-W nanofluids.

Nanofluid is more effective for EG based fluids having lower thermal conductivity in Table 3.
Besides, for d, (5 nm -10 nm), k- values do not change significantly independent of ¢ at 333 K
and 363 K. But after d, = 5 nm, &, values increase rapidly for both 7. 5 nm is critical size due to
rapid change of %, values independent of ¢ and 7. As shown in Figure 1, the maximum values of

k, are obtained with Ag-EG with d, =1 nm, ¢ =
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Figure 2. Variation of u, of Ag-W, Ag-EG nanofluids with d, and ¢ at (a) 333 K and (b) 363 K

As shown in Figure 2, for d, (5 nm -10 nm), «, values increase linearly for ¢ < 0.5 at 333 and
363 K. But after d, = 5 nm, u, values increase rapidly for both 7. But an increase u, of
nanofluids leads to increase in pressure drop and pumping power. Therefore considering u, of
nanofluids, optimization is necessary for size of nanoparticles.
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Egs. (2)-(25) shown in Table 4 are obtained by data fitting in Figure 1 and 2.

Table 4. The calculated constants of Eq. (1).
Equations T (K) (%) a b Cc Equation numbers

05 9786 -1.012 1.208 2

333 1 1998 -1.012 1.391 3

2 4157 -1.012 1.778 4

k(W) 05 31.15 -1.006 1.536 5
363 1 6358 -1.006 2.06 6

2 1323 -1.006 3.17 7

05 17.97 -1.328 2.861 8

333 1 3574 -1.328 4.691 9

2 7067 -1.328 8.288 10

k(EG) 05 71.87 -1.328 8.433 11
363 1 1429 -1.328 15.77 12

2 2826 -1.328 30.2 13

05 4565 -1.745 1.064 14

333 1 112.6 -1.745 1.064 15

1ir(W) 2 3102 -1.745 1.064 16
05 2279 -1.745 1.064 17

363 1 5619 -1.745 1.064 18

2 154.8 -1.745 1.064 19

05 3629 -1.745 1.064 20

333 1 8057 -1.745 1.064 21

(EG) 2 1931 -1.745 1.064 22
" 05 17.43 -1.745 1.064 23
363 1 3871 -1.745 1.064 24

2 9277 -1.745 1.064 25

4. Conclusions

In the case study, the determination of critical sizes of Ag nanoparticles (1-10 nm) of 0.5% - 2%
@ in W and EG based nanofluids for 333 K and 363 K is given. The results indicate that for d, <
5 nm, k. and u, values of Ag-W and Ag-EG nanofluids increase rapidly. Therefore thermal
enhancement is given with d, = 1 nm as the optimum size. However the disadvantage of
increased u, values of Ag-W and Ag-EG nanofluids for d, < 5 nm is with increased pumping
cost. Therefore the critical size is appeared to be d, = 5 nm for the acceptable pumping
resistance of nanofluids with sufficient thermal enhancement.
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Nomenclature

Cp specific heat, J/kg K Subscripts

d nanoparticle diameter, nm bf base fluid
h capping layer thickness, nm nf nanofluid
k thermal conductivity, W/mK )% particle
kp Boltzmann constant, 1.3806 x 102 J/K r relative
T temperature, K ref  reference
Pr Prandtl number Abbreviations
Re Reynolds number /4 water

UBr Brownian velocity (m/s) EG  ethylene glycol
Greek symbols

£, n  empirical constants

A correlation term including dimensionless

u dynamic viscosity, Pas
p density (g/cm?)
o volume fraction (%)
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Abstract

In this work the optimization of a scheme based on designing the metamaterial in multi-layered
structure to get wideband absorber have been proposed. In the proposed design simple
conventional metamaterial shape has been used to ease the fabrication of the proposed design. The
absorber is a periodic array of cells which includes three patterns of a resistive films on two
dielectric substrates. In the optimization process we choose the Seeker Optimization Algorithm to
get the different dimensions of the structure to get the best absorption over the selected band. Our
optimized design achieved a 90%-absorption rate over a wide frequency bandwidth of 2.636 GHz
to 18.717 under normal incidence. Moreover, the absorber operates over a wide range of incidence
angles for obliquely incident waves.

Keyword: Metamaterial, Multilayer, Broad band, Optimization, Seeker Optimization Algorithm.

1. Introduction

Recently, near-optimal solutions for many complex engineering problems have been enabled using
efficient computational algorithms. Hence, optimization techniques take their pivotal role in many
raising electromagnetic problems. In particular, bioinspired search optimization algorithms have
With the tremendous advancements in electronics industry and wireless communication
revolution, new challenges arise to face the accompanying design requirements, such as
interference cancellation, limitations on weight and cost, which leads to the need for simple, time
saving and efficient design techniques. Recently, near optimal solutions for many complex
engineering problems have been enabled using efficient computational algorithms. Hence
optimization techniques take their pivotal role in many electromagnetic problems. Bio-inspired
search algorithms have been successfully applied in electromagnetic problems, due to their
simplicity and robustness [1-11].

Electromagnetic wave absorbers play a pivotal role in several modern military and civil
applications, absorbers are those elements that are often used to eliminate the unwanted radiation
in the electronic systems. Specifically, they are widely used to reduce the interference between
circuit components in near field models, and to create free space conditions as in anechoic
chambers. Absorbers also widely used externally to reduce the radar cross section of a target
object.

205 https://ticmet.org  ~----rwem----



Widespread applications of electromagnetic wave absorbers have inspired RF engineers to exploit
more efforts in optimal design using different techniques. Ideally a thin, light weight and wideband
absorber is an optimum one, thus many studies have been carried out to meet the optimal design
requirements.

In this paper, a multiband unit cell metamaterial has been used to build in a wideband MA
consisting of multi-layered resonators. Seeker Optimization algorithm [12] has been used to find
the best parameter design for the whole structure. to the best of our knowledge, this is the first
work to optimize the MMA using SOA.

The outline of this study is as follows; In section Il the theoretical background of the Seeker
Optimization Algorithm has been presented. The physical model and the formulation of the
problem has been presented in section Ill. In section IV, designed structures along with the
comparisons and verification results are presented. Results and possible advanced studies
presented and discussed in section V.

2. Seeker Optimization Algorithm
Due to its computational efficiency, high search capability and easy implementation PSO has been
widely applied in solving several engineering optimization problems. Compared to GA, PSO has
fewer parameters to adjust; also, it can be considered to be more efficient in maintaining diversity
of the swarm. On the other hand, it has no evolution operator such as crossover and mutation.
Seeker Optimization Algorithm (SOA), originally proposed by Dai et al. in 2006 [12] is a new
promising technique for the real parameter optimization. SOA is based mainly on the concept of
simulating the act of humans intelligent searching with their memory, experience, and uncertainty
reasoning. SOA divides the set of solutions (search populations) randomly into K subpopulations
with the same size, the individual of this population is called seeker or searcher, where all seekers
in the same subpopulation constitute a neighborhood socially sharing the search information. After
given start point, search direction, search radius (step length), and trust degree, every seeker moves
to a new position (next solution) based on his social learning, cognitive learning, and uncertainty
reasoning. SOA operates on a search population of s D-dimensional position vectors [16], which
represents the solutions to the optimization problem at hand, i.e., X, =[x, ..., Xij, ., Xip|; i =
1,2,..,s where x;; is the jt" element of % ; and s is the population size. The flow chart of the
seeker optimization is shown in Figure 1. Firstly, it generates s positions uniformly and randomly
in the search space, and calculates the fitness of each seeker, then calculates the search direction
dij(t) and the step length a;;(t), for the i*" seeker at time step t. Then the j** element of the i*"
seeker is updated by [19]:

xij(t + 1) = x;;() + a;;(0)d;(t)

To avoid converging to a local minimum, SOA uses an inter sub population strategy, i.e., the worst
k-1 positions of each subpopulation are combined with the best position of each other k-1
subpopulations by the following crossover operator:

xlj'best lf R] < 0.5

X i =
knjworst {xknj,worst else
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Where R; is a uniformly random real number in the interval [0,1], xx_ j worst 1S the j* element of
the nt" worst position in the k" subpopulation, Xij pest 1S the jt" element of the best position in
the [* subpopulation.

Figure 1: SOA Flow Chart

B. Search Direction

When the fitness function can't be differentiated, a so-called empirical gradient can be used [17]
by evaluating the response to increments and decrements in each direction. In this way, the seekers
will lead their search. Search direction can be determined by the signum function of a better
position minus a worse position, keeping in hand that the seekers must take into consideration their
own current or historical positions and their neighbor’s positions to determine their search
direction. So, SOA models three different behaviors to determine search direction: egotistic,
altruistic and proactive.

Egotistic, is an entirely pro self-behavior, in which each seeker i, as a single sophisticated agent,
trying to direct toward his historical best position g; s (t) through cognitive learning [18]. Then,
an empirical gradient from %;(t) 10 p; yes:(t) can be adopted for the i*" seeker at time t, and thus

each seeker i has an egotistic direction d; .4,(t) = [di1,egos dizegos -+ inego] Calculated as:

di,ego(t) = Sgn(ﬁi,best(t) - J_él(t))
On the other hand, based on their altruistic behavior, the neighboring seekers communicate with
each other to adjust their behavior to achieve their goal, the neighbors' historical best position

Gpest (t) and the neighbors' current best position Tbest(t) are used as the attraction signal source
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of the self-organized aggregation behavior. Thus, each seeker i is associated with two altruistic
directions, i.e., C_l)i,altl(t) : C_i)i,altz(t)

di,altl(t) = Sgn(g)best(t) - fl(t))

di,altz(t) = Sgn(lbest(t) - 55)1' (t))
Moreover, seekers exploit the properties of proactiveness, they are able to exhibit a goal-directed
behavior [19]. Also, future behavior can be predicted and guided by past behavior [20]. As a result,

each seeker will be proactive to vary his search direction and exhibit a goal-directed behavior
according to his past behavior. Hence, any seeker i is associated with an empirical direction called

proactiveness direction cfi,pm (t):
di,pro(t) = Sgn(fi(tl) - J_éi(tz))

Where t,,t, €t,t—1,t —2 and X;(t,) is better than X;(t,). According to human rational
judgment, the actual search direction of the i*" seeker, i.e., d;(t) = [d;1 , d;3, ..., d;p] is based on
a compromise among the aforementioned four empirical directions. In this work, the jt* element
of d;(t) is selected by applying he following selection rule:

0 if < p](.o)

d;j(t) =4 +1 if p](.o) <rnr < p](-o) + p](.l)

-1 ifp](-0)+p](-1) <r, <1

pj*,m € (0,1,—1) is defined as: in the set (d;;ego, dijater dijarezs dijpro), et num{™ is the
number of "m" then p](-m)/4.

A. Step Length
Among the continuous space, there are often fitness points that are closer to the extremum point,
such that the fitness values of the input variables are proportional to their distances from the
extremum point, so the search must be intensified in regions with relatively good solutions [21].
Hence, from the standpoint of human searching, it could be believed that one may find near-
optimal solutions in a narrower neighborhood of the point with lower fitness value and vice versa,
less chance to find the optimum in a wider range far away from the points with higher fitness
values. Fuzzy systems arose from the need to describe real complex systems by linguistic terms
[22]. According to human focusing search aforementioned, the uncertainty reasoning of human
searching can be described by natural linguistic variables and a simple control rule as "If fitness
value is small* (i.e., the conditional part), then "step length is short” (i.e., the action part). The
linguistic description of human search makes the fuzzy system a good candidate for simulating
human focusing search behavior.
Optimization problems often have different ranges of fitness values. To design a fuzzy system that
can be applicable to a wide range of optimization problems, the fitness values of all the seekers
are firstly sorted in descending order and then turned into the sequence numbers from 1 to s as
inputs to a fuzzy reasoning system. A linear membership function is then used in the conditional
part. The expression is presented as
s—1;

Ui = Umax — STll (Umax = Bmin)
Where I; is the sequence number of X; (t) after sorting the fitness values and g, is the maximum
membership degree value that is equal to or little less than 1.0, in this work, t,,., = 0.95. In the

action part, the Bell membership function ,u“izf/z‘sfz, (i=1,...,s;j=1,...,D) is used for the
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jt" element of the it" seekers step length. For the Bell function, the membership degree values of
the input variables beyond [—36, 35] are less than 0.0111 [23]. thus, the minimum value p,,;, =
0.0111 is often used. Moreover, the parameter §; of the Bell membership function is the jth
element of the vector [, 8, ..., §;], which is given by
5j =w -abs(fbest - Q_C)rand)

where abs() returns a vector in which each element is the absolute value of the corresponding
element in the input vector. The parameter w is used to decrease the step length with increasing
time step such that it gradually improves the search precision. In this work, w is linearly decreased
from 0.9 to 0.1 during the run time. X, .5, X,qnq are the best seeker and a randomly selected seeker
in the same subpopulation to which the it" seeker belongs (must differ from %,.;,), respectively.
Then, the action part of the fuzzy reasoning system gives the j* element of the i*" seeker's step
length

a;j = & /—log(RAND (y; — 1))
Where §; is the jt" element of vector & in equation 2.9, RAND (y;,1) returns a uniform random
number within the range of [u;,1], which is used to improve local search capability.

3. Problem Formulation: Unit Cell Design

Figure 2 shows an initial design of a cell whose array forms a planar multi-layer absorber. This
cell is comprised of two dielectric substrates and patterns of thin resistive layers with a surface
resistance of Rs imprinted on the surface of substrates.

The dielectric substrates have been separated by an air gap and placed above a metallic ground
plate. The substrates are glass-reinforced epoxy (FR4) with a dielectric coefficient of 4.3, a loss
tangent of 0.025, and a thickness of 0.5 mm.

Figure -2: Unicell Design of multilayer metamaterial absorber structure
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4. Results and Discussions
Figure 3 shows the broadband characteristics of the multilayer metamaterial design that has been
proposed in this paper. The results shows that the proposed optimized design achieved a 90%-

absorption rate over a wide frequency bandwidth of 2.636 GHz to 18.717 under normal incidence
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Figure 3. Simulated reflection coefficient of the proposed metamaterial absorber.

5. Conclusions

In this work the optimization of a scheme based on designing the metamaterial in multi-layered
structure to get wideband absorber have been proposed. In the proposed design simple
conventional metamaterial shape has been used to ease the fabrication of the proposed design. The
absorber is a periodic array of cells which includes three patterns of a resistive films on two
dielectric substrates. In the optimization process we choose the Seeker Optimization Algorithm to
get the different dimensions of the structure to get the best absorption over the selected band. Our
optimized design achieved a 90%-absorption rate over a wide frequency bandwidth of 2.636 GHz
to 18.717 under normal incidence. Moreover, the absorber operates over a wide range of incidence
angles for obliquely incident waves.
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Abstract

The benefits of olive oil to health, its taste and aroma have been effective in its popularity. For
this reason, production and sales costs have increased accordingly, so increased costs lead to
adulteration in olive oil. Since the dielectric coefficients of olive oil and other oils mixed with
olive oil are very close to each other, detection of adulteration has costly and complex processes.
In this study, we designed a metamaterial-based microwave sensor and simulated it for the
detection of adulteration with olive oil in the x band (8.2-12.4 GHz) frequency region. We
observed that the sensor we designed was able to detect adulteration of some low-cost oils with
olive oil. Computer Simulation Technology (CST), which is popular in electromagnetic research
was used to adjust the dimensions of the proposed sensor and simulate adulteration. As a result
of our analysis and simulation, proposed sensor clearly detected liquid oils adulterated with pure
olive oil by resonance frequency shift technique. We anticipate that this study may be a reference
in industrial applications, especially for studies related to the detection of liquid adulteration.

Keyword: Microwave Metamaterial Sensor, Olive oil, X-band Frequency region, Dielectric
Constant, Adulteration.

1.Introduction

Olive oil has gained popularity in regions where other edible oils are used a lot. Olive oil's
health, aroma, taste and features such as being more nutritious than other edible oils have played
an active role in the popularity of olive oil. Increasing demand for olive oil has brought with it
the addition of other economic oils to olive oil (adulteration) to make a profit [1]. From this point
of view, researchers have conducted and continue to conduct many studies on the detection of
adulteration in olive oil.

On the other hand, metamaterials (MM) are artificial materials that can be adjusted periodically,
whose dimensions are much smaller than the electromagnetic wave that comes to them [2]. In
general, the variation of the incident electromagnetic wave is evaluated depending on two
parameters, the electrical permeability (€) and magnetic permeability (n) of the materials.
Metamaterials come to the fore in areas such as temperature, displacement, strain, density and
material characterization [3]. Many sensors have been developed in many different areas using
metamaterials that have negative refraction properties and are not found in their natural state at
microwave frequencies [4]-[9]. In addition, MMs are frequently used in energy harvesting
applications, antennas, signal absorbers, etc. [5], [10]-[14].
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In the literature, there are studies to determine the electrical properties of some liquid oils by
MM sensors. The first study includes the dielectric coefficients and resonance frequencies of
some liquids such as clean and waste transformer oils, corn oil, cottonseed oil and olive oil in the
x band frequency region (8 to 12 GHz) with the MM sensor [15]. However, in this study, we
could not find an analysis or narrative about the adulteration of other oils with olive oil. Another
study is related to planar microwave probe design for edible oils. More precisely, a
complementary split-ring resonator (CSRR) has been proposed for the detection of adulteration
of liquids. Roger RT 5880 substrate with a thickness of 0.8 mm was used in the proposed sensor
and the measurements were made using a vector network analyzer [16].

As a result of our detailed literature search, we could not find any study or detailed analysis
regarding the MM-based new generation microwave sensor that can detect other oils adulterated
by olive oil for the x band frequency region. The main problem in this regard is that the dielectric
coefficients of olive oil and other liquid oils are very close to each other. Therefore, mixed oils
are difficult to detect by conventional and low-sensitivity sensors. The aim of this study design
and analysis MM-based new generation microwave sensor that has ability to detect other oils
adulterated with olive oil for the x band frequency region.

2. Design and Analysis

In this part of our study, details about MM based sensor design and determination of dielectric
coefficients of liquids will be given. The dimensions of the proposed design for the detection of
adulteration of liquids (especially oils) have been adjusted in the most effective and efficient
way, and the final version is presented in Figure 1. The design and simulation were carried out
with Computer Simulation Technology (CST), a computer program based on the finite
integration technique and widely used in electromagnetic field studies [17], [18]. Our design
consists of copper resonator, Flame Reterdant-4 (FR-4) dielectric layer, sensing layer, FR-4
dielectric layer and copper resonator, from back to front, respectively. The reason we use FR-4
dielectric layers in the design is because of low transmission loss, high mechanical strength and
low cost. The Flame Reterdant-4 (FR-4) that used in the design has a thickness of 1 mm, a loss
tangent of 0.02, and a relative permeability of 4.3. The sensing layer has a thickness of 3 mm and
was initially defined as air (relative permeability is 1) (without sample addition). The copper

resonator has a conductivity of 5.8x10’ 2 and its thickness is determined as 35 pm.
m

Material selection is very important in detecting even the smallest dielectric coefficient changes.
The most important criterion here is to design a sensitive sensor by minimizing the losses and
capacitive effects on the material due to the very low dielectric coefficient and loss tangent
values of the material [15]. As can be observed from Figure 2, the resonance frequency of the
proposed MM-based sensor (without sample) is 10.116 GHz. The sensor operates in the x band
frequency region, so the total area of the structure is 22.86x10.16 mm*. As can be seen in Figure
3, the boundary conditions of the design in the simulation program are determined as Perfect
Electric Conductor (PEC), Perfect Electric Conductor (PEC) and open (add space) for the x, y
and z axes, respectively.
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Figure 1. (a) Front and (b) perspective view of the proposed reflective resonance MM-based
sensor
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Figure 2. Reflectivity plot of the proposed reflective resonance MM based sensor (without sam

Figure 3. Boundary conditions for the x, y and z axes of the proposed reflection resonance MM
based sensor
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According to our literature and market research, we observed that sunflower oil is one of the
most economical and one of the most adulterated oils with olive oil [19]. Based on this
observation, we determined the dielectric coefficients of the samples using a calibrated network
analyzer (Keysight-model N9918A) that available in our laboratory (Figure 4) and an open-
ended coaxial dielectric probe kit (Keysight Technologies- Model no: N1501A) with calibration
steps such as air, short circuit and water. We determined the dielectric coefficients of two
different brands of sunflower oil and pure olive oil purchased from the supermarket by mixing
10% separately. Complex dielectric coefficients are calculated with the formula € =¢’-€”. In this
formula, €' and €" denote real and imaginary part, respectively [15].

Figure 4. Experimental setup for dielectric constant measurement of oil samples
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Figure 5. Dielectric probe measurement results (real and imaginary) of pure olive oil purchased

from a supermarket chain measured between 7— 13 GHz frequency range
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First of all, we carried out dielectric probe measurement of pure olive oil. The average
measurement result for pure olive oil was found as €’ =2.53 and €"’=0.19. Then, we performed
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dielectric probe measurements for two different sunflower oils (brand a and brand b) that we
bought from the supermarket. As can be observed in Figure 6 and Figure 7, the average dielectric
constants for brands a and b were determined as [¢'=2.77 and €'=0.68] and [€=2.92 and
€"=0.65], respectively. These values, which we have expressed for the dielectric constants of
oils, are the average of the values we obtained from the open-ended coaxial dielectric probe set
(1001 values).
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Figure 6. Dielectric probe measurement results (real and imaginary) of sunflower oil of brand a
purchased from a supermarket chain measured between 7— 13 GHz frequency range

In order to test the sensitivity of proposed MM-based sensor, we defined the dielectric constants
(€', €") of the samples to the CST program. By replacing the samples we prepared to the sensor
layer in the design, we tried to observe whether the proposed sensor detects very small epsilon
changes. In the first step, we replaced pure olive oil to the sensing layer, and then we simulated
adulteration of 10% “a’ brand sunflower oil with olive oil. The same procedures were repeated
for 10% b brand sunflower oil. Although the dielectric coefficients of the oils are very close to
each other, the proposed MM-based sensor can detect very small epsilon changes with the
resonance frequency shift technique.

3. Simulation Results and Discussion
The resonance frequency of the proposed sensor can be determined by using equation 1.

L 1)

/= 2%@

As can be understood from Equation 1, it can be seen that the total inductance and capacitance of
the proposed sensor is inversely proportional to the resonance frequency of the resonator. From
this point of view, these two parameters are very important in determining the sensitivity of the
sensor. The working principle of the sensor is related to the interaction between the resonator
and the sensing layer [15]. When we look at Figure 8, the resonance frequency of pure olive oil
is 10.069 GHz, the resonance frequency of olive oil with 10% a brand sunflower oil is 10.025
GHz, and thus a resonance frequency shift of 44 MHz compared to pure olive oil. In addition,
the resonance frequency of olive oil with 10% b brand sunflower oil is 9.939 GHz, and a
frequency shift of 130 MHz was detected compared to pure olive oil. As can be observed from
Figure 8, the proposed sensor detected the resonance frequencies of three different liquids
separately. These results show that the proposed sensor can detect other oils adulterated with
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olive oil, even if the dielectric coefficients are very close. Thus, we proved that sunflower oil
adulteration, which is the most used oil for adulteration with olive oil, can be observed with the
resonance frequency shift method by means of the MM-based new generation microwave sensor.

b brand sunflower oil
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Figure 7. Dielectric probe measurement results (real and imaginary) of sunflower oil of brand b
purchased from a supermarket chain measured between 7— 13 GHz frequency range

The resonance frequencies, dielectric constants and frequency shifts of the samples according to
pure olive oil are presented in Table 1. According to our inference from the table 1, when the
real dielectric constants of the samples increase, the resonance frequencies decrease. Since
capacitance is directly proportional to electrical permittivity, any increase in dielectric
parameters results in increased effective capacitance of the resonator. Therefore, increasing the
capacitance causes the resonance frequency of the sample to decrease [15]. Thus, our results are
verified by equation 1.

Table 1. Dielectric constants of samples, resonance frequency and resonance frequency shifts
with respect to pure olive oil.

Sample (', €y  |Resonance Frequency (GHz) [Frequency Shift (MHz)
Pure Olive Oil |(2.53,0.19) 10.069 0
10% adulteration |(2.77, 0.68) 10.025 44
(a brand)
10% adulteration |(2.92, 0.65) 9.939 130
(b brand)
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Figure 8. Simulation results of pure olive oil and samples with 10% a brand and 10% b brand
sunflower oils adulterated with pure olive oil

4. Conclusions

The metamaterial-based microwave sensor is designed and simulated for the detection of
adulteration of liquids (oil) in the x band frequency region. Although the dielectric coefficients
of the samples are very close to each other, the proposed sensor detected a frequency shift of 44
MHz and 130 MHz for different brand adulteration process. The simulation results for the
proposed sensor were analyzed and interpreted. We foresee that the proposed sensor will be in
demand for industrial applications, especially for liquid contamination detection.

Acknowledgments: H. Korkmaz acknowledges the Scientific and Technological Research
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Abstract

The transportation sector is growing rapidly in Jordan, and the number of vehicles on roads is
increasing at a very fast rate leading to overcrowded road network, and serious environmental
pollution in Amman, the capital of Jordan. Noise is one of the environmental pollutants
encountered in daily life which has become a major concern of communities living in the vicinity
of major highway corridors.

In this study, a noise prediction model based on the British Calculation of Road Traffic Noise
(CRTN) method is developed allowing for the prediction of traffic noise level along busy urban
arterials under local conditions. Total vehicle volume/hour, percentage of heavy vehicles, and
average vehicle speed are the main model input parameters. The results of the study show that the
CRTN noise prediction method can be applied satisfactorily under Amman’s traffic conditions.

The model which was generated using multiple linear regressions for predicting L10 (1hr) gave an
average error equal to 2.6 % for day time and 3.9% for night time which is a better result than
CRTN model. Consequently, appropriate noise control and mitigation measures are recommended.

Keywords: Traffic noise, Modelling, Mitigation measures, JORDAN.

1. Introduction

The daily activities of urban communities have been invaded by noise from different sources with
traffic noise being reported as the major source of the urban noise pollution [3] Recent studies
have shown that noise can negatively affect human health and behaviour on the short and long
scales [1, 2, 3, 4]. Noise levels were also found to have significant costs on surrounding properties
as an indirect negative effect [5]. noise levels were also found to have significant costs on
surrounding properties as an indirect negative effect especially house prices [2] In a recent study
on the impact of noise pollution in Amman, various methods used to devise a monetary value to
traffic noise in Jordan concluded a minimum-maximum band of JD 54 million-JD 170 million
equivalent to $81million -$255 million annual cost [3].

One of the most known models to predict traffic noise levels is the British Calculation of Road
Traffic Noise model (CRTN) which predicts the basic level L10 percentile and considers
correction values due to several factors [6].

221 https://ticmet.org  ~----rwem----


mailto:alamehdania97@gmail.com

Federal Highway Administration (FHWA) Traffic Noise Model calculates noise level through a
series of adjustments to a reference sound level. The reference sound level (Lo) is the energy mean
emission level which is determine through field of individual vehicles pass by for each vehicles
type (cars, medium trucks, heavy trucks). Adjustments are then made to this level to account for
traffic movements, varying distances of receivers from the roadways and for barriers [7].

In India, noise prediction has been done on the basis of two models, FHWA and CRTN models.
However, FHWA model results are found close to Indian conditions. Comparative paired t test
was used on the FHWA model in which an equation for highway noise prediction for Indian
conditions has been calibrated [8].

A study was carried out to develop a noise prediction model for Amman traffic conditions which
took into account incorporated variables describing traffic and site conditions including traffic
volume, composition and speed, gradient, and distance from the source as affecting factors, the
trial model expresses noise level by the index L10 (1hr) [9]. The model was found to satisfactorily
predict noise levels under Jordanian conditions

The issue of traffic noise in Jordan has been drawing an increasing attention over the last few
years, due to its increasing magnitude, yet few comprehensive studies were carried out to
accurately describe the current and the predicted magnitude of the problem, predict it’s future
impact and identify effective mitigation measures. Few studies on the same problem were
conducted in Jordan. The attitudes of Jordanians toward traffic noise were investigated in a study
by Jadaan and Dakhlallah (2005). The study was conducted along urban arterials in Amman, and
the result indicate that traffic noise levels exceeded the permitted maximum levels. This issue was
so annoying that more than half of the residents considered moving to a quieter area because of it

[4].

This study tries to bridge this gap and investigates the magnitude of the problem in Amman, the
capital of Jordan, develop a noise prediction model and identify the most effective mitigation
measures.

2. Materials And Methods

In order to assess the distribution of noise level, field level noise monitoring was carried out in
major noisy area of 20 locations within the Amman city. These sites were selected to represent
major roads near to various residential areas of the city, which currently suffer from persisting
traffic noise. Description of the selected sites is given in Table 1.

Traffic Noise measurement were measured during the 2 peaks periods in Amman city, the morning
peak from 7:00 to 8:00 am and the night peak from 7:00-8:00 pm. A Bruel and Kjaer 2215
precision sound level meter was used for measuring the noise level L10 (1hr) noise level. All
measurements were taken in a clear and sunny working days. The noise level meter has been
planted 3.5m away from the near side curb of the road and 1.2 m above pavement level.

Noise measurements were taken as L10 (1hr) which is is the noise level that exceeded for 10% of
the time of the measurement duration. Noise measurements were taken in decibel unit with
weighting “A” which is the nearest weight to perceived by the human ear dB(A).
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Classified manual counts of traffic volume were conducted at the selected locations by counting
vehicles for both selected morning and evening intervals. Jordanian Traffic Institute has provided
all the required speed data for each location in which they used a Laser Speed Detection Radar
LTI 20-2 for the speed measurements.

Table 1. Selected sites.
Location ID Location

1 Wasfi Al Tal Street

2 Al Sharif Naser Street

3 Princess Basma Street

4 Al Istiglal Street

5 Abu Nsair Street

6 Al Madenah Al Munawarah Street
7 Airport Road

8 Al Sakhra Al Mosharafah Street
9 Queen Rania Al Abdallah Street
10 King Abd-Allah Il Street

11 Prince Ali Bin Hussien Street
12 Prince Shaker Street

13 Al Sina'a Street

14 Jordan Street

15 Al Mahatta Street

16 King Hussain Street

17 Khalil Al Saket Street

18 Al Qahrah Street

19 Khaled Ben Al waled Street

20 Zahran Street

Google Earth was used for the measurement of the gradient for each location. The gradient varied
between 0.30% at Al- Sakhra Al Mosharafa Street to 6.00% at King Hussain Street and all of the
selected locations have a hard bituminous ground surface.

3. Development of Amman Noise Prediction Models

The basic elements of traffic noise modeling are the traffic source levels and the propagation or
attenuation of sound between traffic and receiver. Typical source related inputs to traffic noise
models are the speed and volume of vehicle types, operating mode of the vehicles and the length
of roadway with line of sight to the receiver location. Propagation related inputs include the
acoustic characteristics of the ground, the number of lanes of travel, site geometry and topography
and the type of geometry of any barriers or buildings present.

The UK CRTN algorithm [6] is one of the most widely used models for the estimation/prediction
of road traffic noise in urban areas. CRTN model predicts the level L10 percentile and considers
correction values due to several factors such as the percentage of trucks, the distance between
source and receiver, sound reflections on the surfaces, sound propagation and phase speed.
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CRTN predicts noise level by calculating the basic noise level using equation 1 which depends on
the flow in veh/hr (g) and assumes that the basic speed = V = 75 km/hour, the Gradient (slope) of
the road = 0% and percentage of heavy vehicle = P = 0%.

L10 (hourly) = 42.2+10 log10q dB (A) (1)

The next step is to calculate the necessary corrections for the various site conditions as explained

above and add them to the calculated basic noise level.

Followings are steps followed for the development of Amman Road traffic noise model:

1. Data collection: data were collected for various parameters including Date & Time, Total
vehicle count, Q (veh/hr), Average Speed, V (km/hr) Equivalent noise level, Leq dB(A),
Gradient of the road, G (%), and Percentage of heavy vehicles, P (veh/hr).

2. Data Analysis: Analysis of the collected data was carried out using MICROSOFT EXCEL to
find out the correlation between the various parameters and the noise level.

3. Plotting of graphs for Leq vs. Q, Leq vs. V, Leq vs. G, and Leq vs. P from the scatter diagram
it is possible to visualize a nature of relationship between variables. Multiple regression
analysis was done for Leqg (1hr) with independent parameters (Q, P, V, and G) for day time
and night time separately.

4. Results and Discussion

The day time statically noise level L10 (1hr) throughout Amman has an average of 79 dB(A)
ranges between 71 dB(A) and 86 dB(A). The night time average was found to be 77 dB(A) with a
range between 66 dB(A) and 86 dB(A).

Result of CRTN model is shown in table 2. Day time which showed an average error with the
prevailing noise levels equals to 3.2% and night time showed an average error equal to 5.8%.
These results show a high accuracy in using the British CRTN model for Amman traffic
conditions.

A multiple linear regression model was developed for predicting equivalent noise level, and it was
found that the model which has the highest capability has the following form:

For Day Time:

Leg= 64.42 + 0.00094Q + 0.0728V + 0.495P + 0.696G (2)
For Night Time:

Leg=66.97 + 0.00185Q + 0.107V — 0.358P + 0.687G 3)
Where:

Leq: The equivalent noise level (dB(A)).

Q: Traffic volume (veh/hr).

P: Percentage of heavy vehicle (%).

V: Average speed (Km/hr).

G: Road gradient (%).

The developed model was statistically significant with a coefficient of multiple determination
(R"2) equals 0.715 for day time and equals 0.33 for night time.

The developed models were used to predict noise levels for the traffic and geometric data collected.
The comparison showed an average error equals to for day time and for night time. Table 3 shows
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the comparison between the prevailing noise levels and the predicted levels from the developed
models.

Table 2. Comparison between prevailing noise levels and predicted noise levels using CRTN
model for the selected sites for day and night times.

. Day Time Night Time
Location
1D Prevailing L10 L10 (1hr) Prevailing L10 L10 (1hr)
(1hr) CRTN (hr) CRTN
1 78 78.2 76 81.9
2 77 80.5 79 82.2
3 75 79.5 66 78.9
4 85 84.1 79 82.5
5 81 78.2 79 79.7
6 76 82.0 72 81.9
7 86 84.9 84 83.9
8 79 78.5 71 79.0
9 78 85.6 78 84.0
10 84 86.1 82 84.5
11 77 78.9 76 78.8
12 71 75.6 77 76.2
13 79 78.8 76 79.2
14 83 82.6 80 83.4
15 86 83.7 78 83.7
16 82 79.8 80 78.3
17 73 73.9 75 74.5
18 76 75.3 76 76.0
19 77 80.4 71 80.0
20 85 84.1 86 81.1
Average error = 3.2% Average error = 5.8%

5. Traffic Noise Control
Several mitigation measures are available for the control of traffic noise including:

1) The installation of barriers between the noise source and the receiver for the proper attenuation
of noise levels is the most common noise abatement approach. In extreme cases, two layers of
porous asphalt are employed as a noise-reducing strategy in place of noise barrier walls.

Noise barriers were found to be highly effective and can reduce noise level by an amount ranging
between 5 and 20 dB(A) [7]. In addition, barriers suit Amman’s Road network conditions where
the right of way along many busy streets is limited.

Various factors need to be considered to produce an acoustically effective barriers i.e., a barrier
that provides the required noise reduction without being “over-designed”. The noise reduction goal
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is the first and an important element of the barrier design process which influence the acoustical
considerations such as height, length, location and the material of the barrier.

Noise barriers 3m high were found adequate for the current but not for future conditions when
more effective barriers (5m high for example) will be required. However, a more comprehensive
study into the present and future magnitudes of the problem, potential mitigation measures and
their cost estimates is necessary for appropriate decision-making.

Table 3. Comparison between the prevailing noise levels and the predicted noise levels from the
developed models.

Day Time Night Time
Prevailing L10 (1hr) L210 (1hr) predicted Prevailing L10 (1hr) L10 (1hr) predicted
78 75.7 76 77.3
77 76.6 79 78.0
75 78.4 66 73.3
85 84.8 79 79.0
81 79.5 79 77.0
76 77.3 72 79.2
86 85.2 84 80.3
79 77.0 71 75.1
78 82.1 78 81.1
84 86.0 82 80.7
77 78.4 76 77.0
71 73.3 77 72.7
79 82.7 76 71.7
83 81.7 80 79.7
86 84.0 78 75.4
82 79.3 80 76.5
73 74.4 75 74.5
76 74.6 76 75.1
77 75.8 71 76.1
85 80.7 86 79.0
Average error = 2.6% Average error = 3.9%

Other less costly mitigation measures include:
2) Natural barriers using plants like the hibiscus and Eugenia can be placed at a sufficient height
and density to absorb sound together with serving aesthetic purposes [9].

3) A dense belt of trees and shrubs (30 m wide) was found to possibly reduce sound levels by as
much as 4-8 dB. Such hedges, trees and shrubs can be planted adjacent to highways in order to
reduce traffic noise.

4) The use of earthberms.
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5) Noise-absorbing materials could be used in the design of buildings for the walls, doors,
windows, ad ceiling.

6) Malaysia has implemented rubber road construction in several places, but it is in the trial stages
and it was found that rubber road yield up to 7 dBA noise reduction [10].

6. Conclusion

This study investigates the levels of traffic noise along Amman urban road network, The study
concluded that that the day time statically average noise level L10 (1hr) throughout Amman has
increased from 69 dB(A) in 2005 study to 79 dB(A) and ranging between 71 dB(A) to as high as
86 dB(A). This may be a result of increasing trips, aging pavement, older vehicles.

Traffic noise levels were predicted using (CRTN) prediction model in order to validate it for the
prediction of noise appropriate prediction under Amman traffic conditions. The results of the study
show that the CRTN noise prediction method can be applied satisfactorily under Amman’s traffic
conditions with a mean prediction difference of only 2.2 dB(A). An average error equals to
3.2%for day time and 5.8% for night time.

Finally a model was generated using multiple linear regressions for L10 (1hr). The developed
model was used to predict the noise level for each location and it gave an average error equals to
2.6 % for day time and 3.9% for night time which is a better results than CRTN model.
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Abstract

This study presents a series of software works of computer vision to increase the reliability and
speed of the automatic pharmacy robot called EBOT. Between the industrial shelves with
compartments of varying widths, there is a receptacle that travels with a cartesian panel to handle
the collection and service activities according to a specific command. This study uses specific
applications to accomplish digital size measurement of medicine boxes, shelf number recognition,
and data matrix decoding. A computer vision method has been produced that can measure the
actual dimensions of the medicine boxes with an error rate of 1-1.5 millimeters. In addition,
software has been developed that digitally analyzes and records the data matrix of drugs over the
image according to Turkish Medicine and Medical Devices Agency standards. It was observed
that the error rate was between 0.83% and 4.2%, which is an acceptable percentage for the digital
measurement process thanks to the adequate space inside the compartments. Also, our software
work is successful in terms of decoding the data matrix since there is no loss of information.
Finally, another software for reading the shelf numbers handles the process fluently thanks to the
fact that there is no missing or incorrect digit extraction.

Keyword: Digital Image Processing, Image Processing Applications, EBOT

1. Introduction

With technological developments, the use of software in design and analysis is increasing rapidly.
Computer programs play an active role in design and analysis, minimizing the margin of error.
Many applications like image understanding, object recognition, noise removal, visual data
modeling, edge detection, and many others can be run thanks to image processing. This study uses
specific applications to accomplish digital size measurement of medicine boxes, shelf number
recognition, and data matrix decoding.

Several studies have been made in the area of digital size measurement. In the study of Isik and
Guler (2003) [1], digital measurement of product dimensions while evaluating agricultural
products is done using a camera. They used a measurement plate in a digital environment to
compare with an apple (inside the image) to determine the dimensions. In a similar study, Yilmaz
[2] aimed to digitally measure product dimensions in industrial production. To accomplish this, A
CMOS camera has been used to track the movable panel. This work was completed by comparing
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the coordinate information obtained from the two-axis motion system via PCl and the
measurement information obtained from the image taken with the camera.

Yanik and Haydar (2021) [3] have evaluated the digital distance measurement methods in two
parts in terms of using pixels (with mono and stereo cameras) and without using pixels. Using
different geometric approaches (like camera angles, distances, etc.), they have discussed the term
“image-meter, " a digital distance measurement method.

In the second aspect of this study, which is number recognition from an image, there are some
certain studies as well. In Samtas and Giilesin (2012) [4], image processing techniques were
analyzed and evaluated in different areas. One of the techniques that have been mentioned was the
recognition of car plate characters which includes digits as well while discussing defense and
security applications. A similar study about plate character recognition via image by using a CNN
model called M-BESA has been done by Bayram (2020) [5], and the motivation of this project is
the development of license plate control systems needed depending on the increase in the number
of vehicles. Another study for this aspect is about utilizing various models for handwritten digit
recognition developed with the help of a discriminant classifier to create boundaries between
different characters. This work has been done by M. Revow, C. K. I. Williams, and G. E. Hinton
(1996) [6], which is more relatable to our study in terms of the specified area since it is about
recognizing numbers in a digital environment. In a related study, Lauer, F. & Suen, C. Y,. and
Bloch, G. (2007) [7] focused on developing a convolutional neural network to extract and predict
handwritten digits with the method of implementing a support vector machine on LeNet5 CNN
model which is also a comparable work with ours.

The final and third aspect of this study is decoding the Data Matrix of a medicine box from an
image. Of course, there are several works done in this scope as well. One of the studies has been
accomplished by Brylka, R. & Schwanecke, U. and Bierwirth, B. (2020) [8] to decode a barcode
from an image. The motivation of this study is to develop a model that makes the correct
localization and decoding of the complete information even if the image is blurred or noisy. They
used a real-time object recognition algorithm to do this work. Another study on this scope has been
done by Y. Liu, Yang and M. Liu (2008) [9] to create a mobile system that recognizes a QR code
from an image and decodes it. The method includes the techniques of binarizing, locating,
segmenting, and decoding the QR Code from an image.

In this study, using digital image processing techniques, measuring the actual dimensions of the
medicine box from an image with a low margin of error (the measurements obtained are compared
with the measurements made by hand) has been aimed. Secondly, reading and saving the Data
Matrix code of the medicine box, which is a 2-dimensional barcode type consisting of black and
white cell arrays and square or rectangular modules (as indicated in “Drug Tracking System” [16]),
in accordance with TITCK (abbreviation of “Turkish Medicines and Medical Devices Institution”)
[15] standards using specific libraries have been intended. Finally, reading the shelf numbers from
an image and displaying it as a digital output to the user is also aimed.

2. Materials and Methods

In this part, the 3 stage of the software work and their methodologies will be explained. In the first
section, the geometric and digital approaches will be expressed. The other two sections will present
the workflows, the use of open-source libraries, and their functionalities.
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2.1 Size Measurement on Image

Measuring the medicine's dimensions in the robot's receptacle is a process required to determine
which shelf the medicine will go to, and it is a process that ensures that the shelves of different
widths keep the correct medicines.

Figure-1: Example Medicine Boxes with Visualization of Intended Measurements

With image processing, the dimensions of the medicines are measured in pixels, and then the
camera image and the actual measurements are calculated using the reference points. This situation
made it possible to control which shelf a medicine can enter on the panel. Since the dimensions of
the shelves are different from each other, it is aimed to prevent a possible loading error by
calculating the dimensions of the medicine.

To perform this operation, the image processing library "OpenCV" (an open-source library that is
used in real-time computer vision applications) belonging to the "Python" language was used with
the guidance of its official source code [13]. OpenCV has let us detect the image’s rectangles
(medicine boxes). Still, to perform rectangle detection better, the image has been converted into a
binary image (gray-scaled image), as Sahir suggests in “Canny Edge Detection with Computer
Vision” [10]. After detecting the rectangles, it was calculated with the ratio of the actual
dimensions of the receptacle to the digital size (per pixel) with an error rate of 1-1.5 millimeters.
The medicines in the receptacle were displayed in 2 dimensions.

In order to measure the 3rd dimension (depth) of the medicine, it is planned to use an analog
distance sensor inside the receptacle chamber to see it from the opposite side. It aims to find the
depth by subtracting the distance between the medicine box and the sensor; from the sensor's actual
distance to the chamber's wall (which must be calculated when the chamber is empty).

The dimensions in the digital environment were calculated using the equations (1), (2), and (3)
below. In this calculation, a simple geometric equation is used by expanding the ratio of the
medicine box (based on the chamber wall) and the chamber wall to each other in the digital
environment. by the distance of the box from the camera. Finally, the dimensions of the medicine
were calculated digitally, taking into account the actual dimensions of the chamber. In order to
measure the dimensions of the medicine box in pixels, the edge recognition (rectangle recognition)
algorithm was used, and this data was proportional to the overall image. Edge detection/Rectangle
detection is a method that aims to identify points in a digital image where image brightness changes
sharply or, more formally, where discontinuities exist. After detecting the points, the distance
between each location (in the cartesian coordinate system) was calculated in terms of pixels thanks
to the “Euclidian Distance” technique. Then the lengths of the virtual box were ready to rate with
the whole background (with known dimensions in the real world) in pixels.

DimensionsofMedicine€Pixels(width,height)

4= M)

DimensionsofReceptacle€Pixels(width,height)
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B = The Real Dimensions of Receptacle.

_ DistanceBetweenMedicineACamera @)
~ DistanceBetweenChamberwall\Camera

Actual Size Measured From Image=A4 * B * C 3)

Figure-2: Example of Dimension Measurement with Image Processing

Figure-3: Real Size Measurement (Horizontal)

Figure-4: Real Size Measurement (Vertical)

In the first image, the dimensions of the medicine box in the digital environment were calculated.
In the other two images, the actual dimensions were measured. It has been observed that the
dimensions calculated in the digital environment and the exact dimensions are consistent.

2.2 Number Recognition on Image
This process is necessary for the digital recognition of the shelves on the panel, and the
"PyTesseract” library is used to recognize the shelf numbers. Python Tesseract OCR (Optical
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Character Recognition) transfers the texts in an image to the computer environment. Tesseract has
constructed a recognition engine built on Long-Short Term Memory (LSTM). A type of recurrent
neural network is the LSTM (RNN). Recurrent neural networks identify patterns in data and utilize
them to anticipate the following most likely scenario. In this method, every digit has been
expressed with their numerical representation with a matrix, as seen in the example figure below.
So, the inputs will be evaluated with the respective form and predicted.
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Figure-5: Example of Numerical Representation of a Digit Inside a Matrix (TensorFlow MNIST
dataset in CNN [20])

In this study, the dataset consists of 10 different classes, and each class represents a number (0, 1,
2,3,4,5,6,7,8,9). This library is a deep learning library and has a dataset. To increase the
consistency of the process, the data set is supplemented with sample shelf numbers.

The library itself is trained with this dataset and is used as a deep learning model so that the
numbers on the image can be transferred to the digital environment in a meaningful way.

Figure-6: Sample Shelf Number

Figure-7: Example of Number Recognition from Image

2.3 Data Matrix Decoding on Image

A specific library, which was installed for Data Matrix analysis over Python, called "Pylibdtmx,"
was used. Pylibdtmx is a library compatible with Python programming language, and allows the
reading and writing the information encoded inside the data matrix. The specific details on this
library and its usage has been done according to its source code presentation [11].
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The Data Matrix on the medicines contains the following information about the drug, according
to TITCK standards (should not be confused with barcode or QR code);

* Expiration date,

* Party number,

» Serial number,

* Barcode number.

Figure-8: Example of QR Code Decoding

After the Data Matrix analysis is done, thanks to the “Python-OS” module, which is a built-in
module in Python that allows us to perform operations on files and directories efficiently, the
information can be entered into a notebook on the desired file path, and the operation date (day,
hour, minute, seconds) was recorded. In this way, the track of the operated products is facilitated
by recording. The source of the OS module (os - Miscellaneous operating system interfaces) [18]
has been considered to accomplish the file operations.

3. Results and Discussion

In this project, we have created a series of software works of computer vision to speed up, increase
credibility and automatize the collecting and serving processes of the pharmacy robot called
EBOT. This series of software work includes three different stages, which are digitally measuring
the medicine boxes (to fit the box inside the compartment that has been mentioned), number
recognition (to check the shelf numbers), and data matrix decoding (to confirm the information
that has been encoded). Similar works with these stages have been mentioned in the “1.
Introduction” part. Of course, there are similarities and differences between those works and ours.

The methods developed for digital dimension measurement on an image are generally similar in
calculating the distances within the image. At the same time, the differences occurred considering
the methods of getting the actual dimensions. To accomplish this, a reference point must be
determined, and the methods may vary depending on the location of the reference or the geometric
approach. The size measurement technique in the work of Isik and Giiler (2003) [1] is based on
the digital comparison of the object whose size is desired to be calculated with the calibration plate
inside the image (the actual dimensions are known). This work resembles ours in terms of pixel
counting and comparing with a known reference, but, in our work, there is no plate inside the
image. At the same time, the camera was calibrated to the whole background (with the known
dimensions) inside the receptacle. Also, our objects were not irregular (like an apple) but in a
rectangle shape (since they are boxes). So, we used rectangle detection and depth distancing
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algorithms in our work, which are more compatible with our motivation. The study of Yilmaz [2]
aims to measure the dimensions by calculating the distances of the moving objects along with the
panel (while having this process done, the actual dimensions are getting known since the
movement of the panel has been tracked). The pixel distancing method in this study resembles
ours as well. Still, since we do not have any moving panel or object inside the receptacle, the
methodology of this work would not apply to our project. Also, line tracking is a more mechanical
work because there are sliding objects, but our work is based more on the software side since there
is only one known object, and the rest is done with digital algorithms. A different work, done by
Yanik and Turan (2021) [3], discusses the geometric approaches for digital distancing, and the
depth proportioning part reminds our approach. Still, we have done the depth measurement process
by using a measurement sensor, and thanks to the data we had, we could do the geometric
proportioning mentioned in the “2.1 Size Measurement on Image” section. Another difference
about this work is that our work includes digital size measuring.

The methods created for number recognition from an image are generally similar to each other as
well. In the work of Bayram (2020) [5], a CNN model called M-BESA was used to recognize car
plate characters (which also includes numbers as well). In our work, another deep learning module
called “Tesseract” has been used, which implements an LSTM model (mentioned in “2.2 Number
Recognition on Image”). Since we did this project in Python, we had to use an application module
with the language. Tesseract module includes a deep learning methodology similar to Revow,
Williams, and Hinton (1996) [6], which discusses generative models to recognize handwritten
characters. A similar work about handwritten character recognition has been done by Lauer, Suen,
and Bloch [7]. Still, since Tesseract is a newer module, it has been getting updated until today in
terms of its pre-trained data, making it more reliable.

Finally, there are many examples and libraries for decoding matrices codes, as in the work of
Brylka, Schwaneck,e and Bierwirth (2020) [8], which is about camera-based barcode localization
and decoding. In a similar study, Y. Liu, Yang, and M Liu (2008) [9] worked on recognizing
another type of code, the QR code, and they handled the mobile applications. Yet, in this study,
we have used “Pylibdmtx” to decode data matrices since they are included in medicine boxes.
Still, we did not need to work on the localization process since the camera calibration had been set
to recognize the codes. In addition to this process, an instant data recording system was created
with an OS module which is a different procedure than the mentioned works. To sum up, we
created a series of digital image processing methods to increase the reliability and speed of the
automatic pharmacy robot called EBOT. As far as we know, all the aspects of this work are original
and unique.

4. Conclusions

Digital image processing is a computer work that can be used in many industrial applications of
computers. It occurs in most technological developments in today's world, as in this study. A
computer vision method has been produced that can measure the actual dimensions of the medicine
boxes with an error rate of 1-1.5 millimeters. In addition, the software has been developed that
digitally analyzes and records the data matrix of drugs over the image according to TITCK
standards. Finally, a similar method is used in number recognition and digital transfer processes.
It was observed that the error rate was between 0.83% and 4.2%, which is an acceptable percentage
for the digital measurement process thanks to the adequate space inside the compartments. Also,
the software for data matrix decoding and number recognition worked with no incorrect or lost
data with the proper camera calibration.
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Abstract

In this article, the abrasive flow machining (AFM) method is used for the surface finishing of
tungsten carbide-cobalt (WC-Co) material. A total of six groups of abrasive flow media with
different abrasive particle sizes and concentration ratios were used. Aluminum oxide was used as
abrasive and a polymer-based carrier was used for the abrasive media. Tungsten carbide specimens
were cut by electrical discharge machining and AFM processes were applied at various cycle
numbers. Surface roughness and material remove rate were measured before and after processing
with abrasive machining, and the variation of surface quality and material remove rate was
investigated. The surface roughness values were decreased to (Ra)=0.5 um levels in about 20
cycles.

Keywords: Abrasive flow machining, tungsten carbide, surface finishing, abrasives, surface
roughness

1. Introduction

Despite the new technologies developed in recent years, traditional finishing processes, finishing
complex shapes in hard, high strength, heat resistant alloys, die steels and fasteners have not yet
reached the desired speeds and quality. Abrasive flow machining (AFM) is an uncommon new
technique that has the potential to provide high precision and economical means to finish
inaccessible areas and complex internal and external passages. This method has been applied in
aviation, aircraft, medical, and other precision manufacturing fields, and successful results have
been obtained[1].

The AFM technique has been carried out to enhance the floor integrity of the machined workpiece
by the use of numerous machining methods along with milling, turning, grinding, and in particular
electric discharge machining (EDM). AFM is used to do away with deburring, polishing, radius,
and recast (white) layer [2],[3]. The Abrasive flow machining method enables the surface to be
polished as the paste under pressure moves over the workpiece surfaces. Thanks to this method, it
has been demonstrated by the studies that the surface roughness values that cannot be obtained
with the classical polishing methods or that take a very long time are reached[4].

The main parameters in the abrasive fluid processing method; fluid parameters are classified as
process parameters and workpiece parameters[4]. Process parameters; the pressure applied, the
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number of cycles, and the flow rate and volume of the abrasive paste used. Workpiece parameters;
material properties of the workpiece, its geometry, and mechanical processing (turning, milling,
electro-erosion, etc.) method. The fluid parameters are viscosity, temperature, abrasive grain size,
abrasive ratio, and abrasive type. The most important parameters affecting the surface roughness
are considered abrasive parameters [5].

The material to be used in this work is tungsten carbide with 15% Carbon. The composite of
tungsten carbide and cobalt (WC-Co) has special importance in the production of cutting tools,
dies, and other special tools and components due to its very high hardness and excellent resistance
to shock and wear. . It is possible to process this material with some conventional methods;
however, the high precision required for machining complex shapes cannot be achieved[5],[7].
Therefore, AFM was applied for surface finishing after EDM cultting.

In another study by Jain et al., a theoretical model was determined in which acceptable results
could be obtained, close to the experimental results [8]. In a different study, they determined the
parameters that depend on the paste viscosity. Accordingly, paste viscosity; It is directly
proportional to the abrasive grain size and inversely proportional to the abrasive ratio and
temperature. It has been observed that high viscosity provides higher material removal rate and
lower surface roughness value [9]. Flenther and Fioravanti used polyborosiloxane as the polymeric
carrier for the abrasive paste. In this study, it has been proven that the abrasive ratio is more
effective than the abrasive size and polymetric carrier properties. In different studies using
polyborosiloxane, abrasives such as aluminum oxide (AlO2), silicon carbide (SiC), and garnet
were used.[10] A study by Gov and Eyercioglu examined the effects of abrasive types on abrasive
flow machining surfaces [2]. In a study in which the forces acting on the surfaces during the AFM
process were measured, the effects of the abrasive paste parameters on the surface roughness were
tested[11].

In this study, AFM application was applied to coarse-grained tungsten carbide alloy with a 15%
Carbon ratio using two different sizes of 180 mesh size and 400 mesh size Al203 abrasive. An
abrasive is produced by mixing the polymer and AL203 abrasive at 50%, 60%, and 70% by mass
for each mesh size of this abrasive. As a result of this application, the surface roughness and
Material Remove Rate (MRR) values of the material were compared.

2. Materials and Methods

2.1 Workpiece Material

The samples were produced from Tungsten carbide material. The samples were cut with EDM
from the same stock material as 20x10x5 mm and a total of 36 samples were prepared. Surface
measurements and weight measurements were made from all samples before AFM and are given
in Table 1. All technical specifications of the sample material are given in Table 2.

2.2 Abrasive Flow Machine

In this study, a two-way AFM processing bench was used. The bench consists of four parts the
main body, hydraulic unit, control unit, and cooling unit (Figure 1.). The samples are placed in the
pre-prepared dies. These dies are connected to the flow path of the abrasive fluid of the machine
and are compressed by means of four pistons (Figure 2). The AFM process consists of two main
pistons pushing the abrasive fluid through the die with forwarding and backward movement. The
full forward and backward movement of these pistons is called a cycle. In this experimental study,
one cycle takes 1.5 minutes.
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Table 1. Surface roughness values and weights of samples before AFM.

Specimen

Ra

Specimen

Ra

Specimen Ra

No (m) Weight No (m) Weight No (um) Weight
sl 3,9 13,8883 s13 3,8 12,6032 s25 4,1 12,9724
s2 3,8 13,0023 s14 4,2 12,9795 $26 4,2 13,1516
s3 3,6 13,6090 s15 4,0 13,9230 s27 3,9 12,2252
s4 4,1 13,0377 s16 4,1 13,2264 s28 4,0 14,2198
s5 3,7 12,9573 s17 3,7 12,9687 s29 3,8 13,0917
s6 4,2 13,7179 s18 3,8 13,7182 s30 4,2 13,6462
s7 4,0 13,0721 s19 3,9 13,2783 s31 4,1 13,2332
s8 4,1 13,1673 s20 3,8 13,9637 $32 3,8 13,0771
s9 39 12,6757 s21 4,2 12,9919 s33 3,8 13,3118

s10 3,8 14,1594 s22 4,2 13,4144 s34 3,9 13,0329
s11 3,8 12,5368 s23 4,1 13,0420 s35 4,0 12,9458
s12 3,9 13,0551 s24 4,0 13,7214 s36 4,1 13,3831

Table 2. Workpiece Material Properties.

Properties Unit Value
Density g/em’ 14
Hardness HV 30 1100
Elastic Modulus kN/mm? 550
wC % 84,55
Co % 15
TiC+TaNbC % 0,45

Figure 1. Abrasive flow machine.
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Figure 2. Dies.

2.3 Abrasive media

In this experimental study, a mixture of Alal203 abrasive 180 mesh size and 400 mesh size,
hydraulic oil, and the polymeric carrier was prepared. In order for the mixture to be homogeneous,
5 cycles were made with a die in AFM. The properties of the abrasive fluid are given in Table 3.

Table 3. Abrasive Properties.

Al203
Mesh size 180, 400
Hardness (Mohs) 9
Density (g/cm3) 3.7
Apparent density (g/L) 1800
Viscosity (Pa s, 25 °C) 60
Concentration (% wt) 50, 60, 70

2.4 Experimental Procedure

Experiments were made on six groups of samples. Six specimens in each experimental group were
attached to the abrasive fluid machine. 1, 5, 10, 20, 60, and 100 cycles were applied to these
samples for each abrasive. A total of six surface measurements were made from each sample,
perpendicular to the flow direction and flow direction of the samples. These measurements were
taken using a Mitutoyo SJ 401 surface measuring machine with a cutting length of 0.8 mm (ASTM
D7127). Samples were weighed before and after the experiment using a SHIMADZU AUX220
balance to calculate the MRR.

3. Results and Discussion

3.1 Surface roughness

The surface roughness values of the WC-Co material, on which the AFM process was applied,
were made and the measurements were taken. In Figure 3, the concentration ratios of 50%, 60%,
and 70% of the abrasive and the surface roughness values of the abrasive flow direction are given
for 180 mesh. It is seen that the surface roughness values show a similar trend here. It is seen that
the Ra value of the 60% concentration ratio abrasive drops below 0.50 um in 20 cycles and has
the lowest surface roughness value.
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The surface roughness values taken from the flow direction of 400 mesh, which is another abrasive,
are given in figure 4. The surface roughness of the process applied with 50%, 60%, and 70%
concentration ratios in 20 cycles of 70% concentration ratio was measured as Ra = 0.7 pm.
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Figure 3. Surface roughness with respect to AFM cycle for 180 mesh size abrasive in the
direction of media flow.
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Figure 4. Surface roughness with respect to AFM cycle for 400 mesh size abrasive in the
direction of media flow.
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In Figure 5 and Figure 6, the graphs of the measured values with 3 repetitions perpendicular to the
median flow direction are given. In Figure 5, the surface roughness value was measured as 0.53 in
20 cycles at a 60% concentration of 180 mesh size abrasive. Measurements perpendicular to the
median flow direction and the median flow direction showed similar trends. Similarly, the surface
roughness of 70% concentration ratio in 400 mesh size in 20 cycles was measured as
approximately Ra = 0.8.
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Figure 5. Surface roughness with respect to AFM cycle for 180 mesh size abrasive in the
perpendicular direction of media flow.
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Figure 6. Surface roughness with respect to AFM cycle for 400 mesh size abrasive in the
perpendicular direction of media flow.
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3.2 Material remove rate (MRR)

The material removal rate is given in figure 7 and figure 8. A nonlinear increase in MRR was
observed. The MRR acceleration did not increase as the number of cycles increased. This can be
explained by the high surface roughness values of the specimen before AFM. A smoother surface
is formed in the next cycle as the abrasive media flow particles flatten the crests on the material.
Thus, it was seen that the number of cycles and MRR did not increase at the same rate.

—_

Material Remove Rate (MRR

Material Remove Rate (MRR)

4. Conclusions
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Figure 7. 180 Mesh size MRR
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Figure 8. 400 Mesh size MRR

In this study, the effects of processing tungsten carbide material (WC-Co) with abrasive fluid on
the surface quality were investigated experimentally. The following conclusions can be drawn

from this study.

The abrasive flow machining (AFM) method can be used as a fast and effective method for

polishing WC-Co material.
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The average surface roughness (Ra) of the samples decreased from 4.0 um to 0.50 pm in
approximately 20 cycles.

In the AFM process, AlsO2 180 mesh results in better surface quality than 400 mesh size.
The abrasive media of 60% concentration ratio is the most effective compared to other ratios.
180 mesh size has the highest MRR among the other mesh sizes. The bigger abrasive size
removes more asperities.

The MRR is not constant, but the rate decreases with the number of cycles.
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Abstract

A microwave method is proposed for precise permittivity extraction of soil samples loaded
over a bead within the EIA 1-5/8” coaxial measurement cell. The method does not need any
formal calibration and uses one measurement cell for permittivity determination. Besides, it is a
non-iterative method based on explicit expressions. The method is validated by experiments of
a low-loss polyethylene sample, and its accuracy is compared with the accuracy of other
microwave techniques in the literature. After validation, permittivity measurements of three
soil samples with different moisture contents from the city Gaziantep are presented.

Keyword: Frequency-domain, permittivity, soil, uncalibrated measurements.

1. Introduction

Measurement of moisture content of soil samples attracts attention since such measurements
could be directly associated with performance of seed development, plant evolution and
nutrition, and nutrient transfer in the root zone [1]. For this goal, various methods, which could
be categorized into direct and indirect methods, could be implemented. Methods in the former
category (direct methods) provide information about water content by direct moisture
measurements of soil samples. The thermo-gravimetric method, as a direct method, necessitates
a huge number of samples-to-be-processed (time-consuming) and has problems associated with
the transportation of soil samples from side to laboratory [2]. To overcome these problems,
methods in the latter category (indirect methods) give moisture content through correlation of
measured non-moisture content. The ground-penetrating radar (GPR) [3], time-domain
reflectometry (TDR) [4], the open-ended coaxial or waveguide probe [2], and coaxial
transmission line measurements [5]—[7] can be enumerated for the indirect methods.

The GPR method is a nondestructive method sensitive to the changes in moisture content of soil
samples [3]. It is possible to relate these changes to volumetric moisture content of soil samples
through some suitable empirical relationships. However, its measurements are influenced by
non-ideal soil conditions including heterogeneity or conductive elements. On the other hand, the
TDR method is another nondestructive method, which uses information of propagation delay and
amplitude change of a pin-like pulse to evaluate moisture content [4]. Nonetheless, it requires a
special probe design to perform accurate measurements. Furthermore, it is prone to the effect of
air gap present between the probe and soil sample. Besides, open-ended coaxial or waveguide
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measurements can as well be utilized for determining moisture content within soil samples.
These methods, however, necessitate a good contact between the probe and the soil sample [2].

Coaxial transmission lines, on the other hand, are a good candidate for water content
measurement via a proper correlation [5]-[7]. These measurements have the advantage of
providing broadband information about electromagnetic properties of soil samples, which are
especially useful for the GPR and TDR methods. Effective medium approximation is generally
used by these methods. According to this approximation, the wavelength must be at least time
times greater than the maximum scatterer inside the soil sample. Satisfying this criterion could
be problematic for coaxial transmission lines with smaller cross section. Electronic Industries
Association (EIA) 1-5/8” coaxial transmission lines [5]-[7] could be used to overcome such
limitation. These lines, however, need a suitable calibration procedure to eliminate the effect of
adapters used for transforming electromagnetic signals to these lines. For example, a simple
calibration procedure based on port extension was implemented in the study [6]. However, its
accuracy was limited since port extension at the adapters (after short-open-load-thru (SOLT)
calibration procedure) could only correct amplitude (but not the phase information) of the
electromagnetic signals. To circumvent this problem, the multiline thru-reflect-line (TRL)
calibration technique (five coaxial line standards of different lengths together with an open
standard and a 50 match load) was implemented to eliminate the effects of adapters on water
content measurements of soil samples [5]. However, a real benefit from these methods [5] and
[6] can be exploited if accurate calibration standards are utilized. An imperfection in these
calibration standards or usage of improper calibration standards, in return, seriously alters the
accuracy of measurements of the methods [5] and [6]. To overcome this disadvantage,
measurements relying on a de-embedding technique [7] can be used. Although accurate, the
inhomogeneity of the second line and the shift in the position of the sample holder in the second
line can alter the accuracy of this method. To remove both of these drawbacks simultaneously, in
this study, another de-embedding technique based on uncalibrated measurements of one coaxial
line is proposed.

2. Materials and Methods

The proposed method uses three measurement configurations of one coaxial line (or cell) (EIA
1-5/8”) with length L., as shown in Figs. 1(a)-1(c). While Fig. 1(a) shows the empty
measurement cell, Fig. 1(b) illustrates the measurement configuration where the sample holder
with length Ly, is positioned at any position (L1 and Ly are not known) in the cell. The last
configuration in Fig. 1(c) indicates the configuration after the soil sample with relative
permittivity &, = &.;' — i&,s" and length L is poured over the sample holder. Here, the regions
shown by X and Y designate two-port error networks representing frequency and source/load
match errors of a vector network analyzer (VNA) and effects of adapters and transitions.

In our theoretical analysis, we assume the error networks X and Y do not change for each
configuration in Figs. 1(a)-1(c). Applying the ABCD matrix presentation, it is possible to relate
scattering (S-) parameters of the configurations in Fig. 1(a)-1(c) to air, sample and holder regions
within the measurement cell as

1 2

M, =Ty Ta(ir)TH ols OTa(ir)TY, (1)
1 2

Mp =Tx T 0T Tso T2 Ty, (2)
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1 2
M =Ty TOTH TS T2 (3)

Here, M,, My, and M, are, respectively, the ABCD parameters of the overall configurations in
Figs. 1(a)-1(c), which are functions of measured S-parameters; Tx and Ty denote the ABCD

matrices of the error networks X and Y; Ta(ilr) and Ta(i%) designate the ABCD matrices of air
regions with lengths L, and Lyio; and Ty and Ty are the ABCD matrices of air-filled and
holder-filled sections in the measurement cell.

Fig. 1. (a) Empty line, (b) line with the holder of length L, positioned at an arbitrary distance
of L,i;; from bottom of the line, and (c¢) the same as the configuration in (b) except for the soil
sample with length L; is loaded over the holder

The expressions for Ts, Ty, Tso, and Ty can be written as

1 1 1 1
T ) e
Ts AR & » TH L i , 4)
LRSS HIBNREN
zs\ B ° Ps ° zh \ By P
1 1 1 1
—+P, — PR, _— —
1 [PSOJr OJ Pso OJ 1 (PhOJrPhOj (Pho PhOJ
Tso=3 > THo=7 : (5)
[L— soj LJFF’soj [L_PhOJ [LJFPhOj
Pso Pso Pho Pho
5= | 2= |, ©)
Ers €rh
P, :e—Jko\/aLs i R, :e—J'ko\/aLh (7)
Ro=e tols, By =e b, (8)
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where P, B,, z;, and 1z, are, respectively, the propagation factors and normalized wave
impedances of the sample-filled and holder-filled regions; Py, and PR,, are, respectively, the
propagation factors of air regions with lengths L and Ly; &, is the relative complex permittivity
of the sample holder; and k is the wavenumber of free-space.

We eliminate the effects of unknown terms Ta(ilr), Ta(i%), Tx , and Ty by applying the following
two-step procedure. As a first step, effects of Ta(if) and Ty are eliminated by using the inverse of
matrix operations as

-1
—1 1 -1 1
McMg" =Tx TS T TsTsd (Tx TS T ) )
-1
-1 1 —lr-1 1
McMz" =Ty T THTsTsoTrb (Tx Ty ) - (10)
Here, “*™'* designates the inverse of a square matrix “*.

As a second step, effects of Ta(ilr) and Ty are removed from (9) and (10) by using the unitary
property or the trace property of matrices as
Q =Tr(MCM51)=Tr(TST§(}), (11)

Qz:Tr(MCM;I)=Tr(THTST§(}T,q})), (12)
where Tr(*) denotes the trace operation for a square matrix "*’.

When expressions in (4)-(8) are substituted into (11) and (12) and after some length operations,
it is possible to determine an polynomial function for zs as

F(2)=&28 + &2 +&28 +E473 + 28 + Egzg + & =0, (13)
& =Ag [(91A7 -y A )2 —4(AAg—AsAq )Z] (14)
2 2

$r=As [4(/\1/\6 —AsA7)” (A7 —QyA¢) J 15)

+2[ Ag (A —QyA5)—Q (AjAg —AsA7) |(QAs — A7),

& =2A5 (A — QA5 )(QAg — A7)
8(AsA7 —AjAg)(A1Ag — AsAg)

+A6 +(QlA1 — QZAS )2 + 2(QIA7 — Q2A6 )(QlAS — Q2A6) (16)

(A7 - QA ) —4(AjAg —AsA; )
=20 (A Ag —AsA7 ) (A —QyA5)
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&=A [8(A1A6 —AsA7)(AiAg —AsAg)+(QA1 — QA5 )2]
+2(QA7 — QA4 ) (A5 — QA4
+2A6 (A — QA5 )[ (QAs — A7) +(QAs —QAg) ] (17)
Q {(Al% —AsA7)(QAg - Ag) }
+(AjAg — AsAg ) (A7 —QrA¢)

&5 =2A5 (DA QA5 )(QAs —QiAg)

2
2 2
+2(QIA7 _92A6)(91A8 —Q2A6)+ (QlAg _QZA6) —4(A1A6 —A5A8)
20 (AAg — AsAg) (A —As5)
2 2
S6 =As [4(/\1/\6 —AsAg)” +(QAg —QyAg) J
+2A6 (QIAI _QZAS)(Q2A6 _QIAS) (19)
+20 (AjAg — AsAg)(QAg — Qo Ag),
2 2
§7=A6|:(91A8—92A6) —4(A1Ag —AsAg) :| (20)
where
Q=P+ — R =Py —— @1
=FsoMo t5 (> =Fsofo 55—
: PsoFbo ° PsoFbo
Q 1) R 1 1
AM==|B+— |-——| z, +— -, 22
e L .
R 1 1 Q 1) zg 1z
A=—|R+— | 2+— |-——| B —— || =+— 23
e T ke teee 2
1
A3 :AS +A6(ZS +Z—J, (24)
S
1
A4:A5_A6[Zs +Z—), (25)
S
1 1 1 1
As=—|Pg+— 1|, Ag=—|Py——1, 26
5 2[ S0 Psoj 6 4( 50 Psoj (26)

AFQREPP%J_%Q[F»V%JJ, @7)
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A8=é{R£Pp+E%J—sz[Pp—E%J} (28)

Once z; is calculated from (13) for Re{z;}> 0 by a suitable 2D numerical technique such as
Newtons method, the value of P can be determined from

_ (Al —Az)A3 _(Al +A2)A4

P = (29)
s O (A —Ay) = QA
Finally, the complex permittivity of the soil sample ¢, can be determined from
jin(R)F272m )’
Ers = T ) (30)
obs

where m is the branch index term.

3. Results and Discussion

We constructed a measurement setup, as shown in Fig. 2, to perform coaxial line measurements
in Figs. 1(a)-1(c). The setup involves the VNA (purchased from the Keysight Technologies with
model N9918A), two phase-stable 3.5 mm Type-N coaxial lines each with a length of 100 cm,
two Type-N-to-EIA 1-5/8” adapters, two flanges, and a measurement cell with a length of 171.5
cm (inner diameter of the outer conductor of 38.8 mm and the outer diameter of the inner
conductor of 16.9 mm). The VNA can be operated from 30 kHz to 26.5 GHz (a dynamic range
of approximately 90 dB and a directivity larger than 32 dB). As a sample holder, a polyethylene
(PE) material with length Ly, = 3.85 mm was utilized in measurements.

An accuracy analysis was carried out before starting to real permittvity measurements of three
soil samples with different water contents. In this regard, a PE sample, which is considered to be
a dielectric material used as a metric, with length L; = 3.85 mm was considered in our analysis.
Our proposed method was applied to determine &' and &,;"" of this sample, as shown in Figs.
3(a) and 3(b), using uncalibrated S-parameters (average of five independent measurements) of
the configurations in Figs. 1(a)-1(c). The methods in [6] and [7] were also applied to assess the
accuracy of the proposed method. It is noted that the method in [5] requires at least five coaxial
measurement lines (or cells). Therefore, this method is not implemented by limited number of
coaxial lines in our laboratory. In implementation of the method in [6], the SOLT calibration
procedure was first utilized for calibration of the measurement setup to ends of the 3.5 mm Type-
N coaxial lines, and then the port extension feature of the VNA was operated. Besides, in
implementation of the method in [7], two coaxial lines with lengths 150 mm and 171.5 mm (with
the same cross sections) were utilized. Furthermore, in our method and the method in [7], the
moving average was applied over approximately 30 MHz frequency region to smooth the
extracted parameters [8].
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Fig. 2. A picture of the measurement setup

Fig. 3. Extracted (a) &, and (b) &,;" of the PE sample by our method (PM) and the methods in
[6] and [7].

We note from the dependencies in Figs. 3(a) and 3(b) that extracted &,;' and &5 of the PE
sample by our method and the method in [7] are in good agreement with each other and are close
to reference values of 2.26 and 0.0002 (measured by a resonator method at 1 kHz, 1 MHz, 100
MHz, and 3 GHz frequencies) [9]. Besides, it is seen from Figs. 3(a) and 3(b) that extracted &,
and &,"" of the PE sample by the method in [6] introduce some oscillations and diverge from
reference values which we think are mainly due to the applied port extension in elimination of
adapters.

Effects of L; and L,; on measurements were also evaluated by performing additional
measurements. Fig. 4(a) presents the influence of a 5% increase (offset) in Ls on &, extraction
of the PE sample by our method and the method in [7]. Besides, Fig. 4(b) illustrates extracted
&5 of the PE sample after L,;; was modified from 10.0 mm to 20.0 mm for our method and
when the sample holder was shifted 5% in the second coaxial line (171.5 mm) for the method in

[7].
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Fig. 4. Extracted &' of the PE sample by our method (PM) and the method [7] (a) when there
is 5% increase (offset) in L and (b) when the sample holder is shifted 5% in the second coaxial
line.

It is noted from Fig. 4(a) that accurate knowledge of L is needed for our method and the method
in [7], indicating that care should be given in measurement of accurate Ls. A 5% increase (offset)
in Ls approximately follows a 5% reduction in extracted &, for our method and the method in
[7]. On Besides, as seen from Fig. 4(b), our method is essentially independent of the position
(from 10.0 mm to 20.0 mm) of the sample holder in the second measurement cell. Unlike our
method, the accuracy of the method in [7] is greatly altered by a 5% increase in the holder
position. The difference between the extracted &,;" values by the method in [7] with and without
this offset can reach up to 12.6% at 1.23 GHz.

Finally, after validating and accuracy evaluation of our proposed method using the permittivity
measurements of the PE sample, we continued with the permittivity measurement of three soil
samples (labeled by Sy, Sy, and Syy), each composed of 90% or more sand content, from different
areas of the city Gaziantep in Turkey. Electrical conductivities of these samples are 95.70 mS/m,
341 mS/m, and 490 mS/m while their pH values are 7.62, 8.14, and 7.82. Conductivity values of
the soil samples were measured by the conductivity bridge technique [10] at the Pistachio
Research Institute of Republic of Turkey Ministry of Agriculture and Forestry in Gaziantep,
Turkey.

Figs. 5(a)-5(c) illustrate the extracted &,¢' of S; with a volumetric water content of 6, = 0.20, Sy
with a volumetric water content of 6, = 0.30, and Sy with a volumetric water content of
0y = 0.42 by our method. All these volumetric contents of soil samples were measured by the
thermo-gravimetric method. It is seen from Figs. 5(a)-5(c) that, as expected from the studies in
the literature [6], extracted &,;" value of soil samples have a smoother exponentially decaying
dependence with frequency.
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Fig. 5. Extracted &, of (a) the soil S; with 8, = 0.20, (b) the soil Sy with 6, = 0.30, and (c)
the soil Sy with 6, = 0.42 by our method.

4. Conclusion: A microwave de-embedding method has been proposed for accurate complex
permittivity extraction of soil samples. There are two main advantages of the proposed method.
First, it only needs uncalibrated measurements of three different configurations of one
measurement cell. Second, it does not need any numerical toolbox for permittivity measurement.
Effects of holder position, sample length, and using different measurement cells are all examined
to evaluate its accuracy using the measurements of a PE sample, which is generally considered
as a metric dielectric material for evaluating the accuracy of methods. It is noted from this
analysis, our method is position-insensitive to the sample holder but requires precise knowledge
of its length. As a future study, we will apply calibration curves (dependence of the volumetric
water content of 6, versus &.') to determine indirectly the water content of soil samples
through €,.;' measurements.

Acknowledgments: Authors thank Dr. Ugur Cem Hasar at the Department of Electrical and
Electronics Engineering in Gaziantep University, Turkey for helping performing microwave
measurements.
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Abstract

The aim of this study is to find out the potential benefits that Graphene Oxide (GO) can add to
cementitious composites. Graphene Oxide being a nanoparticle has dimensions less than 100 nm.
Studies have proved that the use of GO can improve the mechanical properties at microstructure
level in construction and building applications. There are several types of cement composites such
as concrete, mortar, cement paste and engineered cementitious composites (ECC). These
cementitious composites are used in a wide range in the building and construction industry. As
time has passed these cementitious composites have lost their strength and the need to develop
stronger and enhanced binders were aroused. As time passed by several materials and additives
were developed which are to be added to cement binders and cementitious composites to increase
their strength. Researchers have been doing a lot of work to measure the enhanced strength of
these composites. The addition of these additives has provided vital results. The crack propagation
was greatly controlled by the addition of additives. This study provides a brief introduction of
using Graphene and Graphene Oxide in cementitious composites to increase the strength of
binders. The use of GO in these cement composites has provided many advantages. It has greatly
reduced the growth of cracks in cementitious composites. The spreading of cracks among the walls
was also greatly reduced by this method. All these advantages were studied at the nano-scale level
which proved the results. The use of GO in such composites has paved a new way for researchers.
It has opened some new ways to develop further enhancement in concrete, mortar, cement paste
and engineered cementitious composites. The strength of cement composites discussed above is
exemplary. We will also see that the addition of GO in such composites will further add up to its
strength.

Keyword: Geopolymers, Construction Waste, Mechanical Process, Energy Efficiency,
Environmental Sustainability, Circular Economy
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ENHANCED BOILING HEAT TRANSFER ON SILVER
NANOWIRE NETWORKS
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Abstract

The heat load on electronic devices is increasing with the growing trend of miniaturization and
the continuous development of the electronics industry. Thus, the dissipation of heat fluxes
from high energy density devices becomes crucially important to sustain safe and efficient
operations. Nucleate boiling is a prominent passive heat transfer mode for cooling high heat
flux systems. The capacity and efficiency of nucleate boiling can be enhanced by improving
the hydrodynamics and bubble dynamics through modifying the characteristics of the heating
surface such as the surface morphology, roughness, wettability, and capillarity. This study
proposes an open porous interconnected silver nanowires network as an effective heating
surface for enhanced nucleate boiling heat transfer. The boiling-induced deposition of silver
nanowires from aqueous dispersions and its impact on the boiling heat transfer performance
were investigated. Experiments were conducted on a custom-made boiling setup with a flat
plate heating surface by stepwise increasing the supplied heat flux until the critical heat flux
was reached. The surface deposition layers were investigated for morphology, topology,
wettability, and capillarity to provide insights into understanding the nucleate boiling
enhancement mechanisms. An interconnected porous nanowire network was formed on the
heating surface that improved the bubble nucleation site density, lateral heat conduction, and
capillary wicking, resulting in enhanced heat transfer capacity and efficiency. The boiling heat
transfer coefficient and critical heat flux of nanostructured surface were increased by 93.7%
and 200%, respectively.

Keyword: Nucleate boiling, Critical heat flux, Heat transfer coefficient, Silver nanowires,
Boiling-induced deposition
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NUMERICAL CHARACTERIZATION OF THE MECHANICAL
PROPERTIES OF FGM USING THE MULTI PHASE FINITE
ELEMENT METHOD

ABDELKADER BOUDJEMLINEY, SAMIR CHOUARFIA!, KAMEL MEFTAH?,
WAHID KADDOURI?, LAKHDAR SEDIRA!
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Abstract

The present work qi;ed to be a contribution to the characterization of the homogenized elastic
properties of the funnctionaly graded materials (FGM). It deals with the developement of a
numerical homogenization approach based on 2D micrographic analysis of several materials. A
specific subroutine has been implemented in a finite element code to take in consideration the
gradual variation of elastic properties of the FGMs. The four-node Q4 quadrangle element is
developped in a multiscale formulation, and validated through a tensile test simulations. The
obtained results are compared to experimental measurements [1,2 and 3] with excellent agreement.

Keyword: Homogenized elastic properties, Functionaly graded materials, Numerical

homogenization approach, Micrographic analysis, Finite element, Multiscale, Tensile test
simulation
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TAGUCHI METHOD WITH ANOVA ANALYSIS of HEAT-TREATED
4140 STEEL
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Abstract

In this work, the heat treatment process is applied on the 4140 steel to see how the samples show
mechanical changes under various conditions. The samples have a height and diameter of 20 mm
and 10 mm. The samples are heated up to 800 and 850 °C and then cooled in oil or oil and water
mixture. The samples are annealed at 150 and 300 degrees for 1 and 3 hours, respectively. After
these stages, the microscope images of the samples are taken by optical and SEM microscopes. In
addition to these, hardness test is conducted on the specimens and results are analyzed by Taguchi
method with ANOVA. As a result of these tests, the properties of the samples are fixed and
discussed. The process variations affected the hardness values of the samples. The maximum
hardness is obtained on the sample the hardened in the mixture of the oil and water. The DOE
analysis confirmed the experimental results and showed the minimum error and maximum
consistency.

Keywords: 4140 Steel, Heat Treatment, Tempering, Taguchi, ANOVA
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A STUDY ON AL-CU ALLOY REINFORCED BY STEEL POWDER
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Abstract

Aluminum is one of the important materials with a wide range of usage. Because it has important
features such as lightness, corrosion resistance, compatibility with heat treatment, easy formability
and affordable price. On the other hand, Al-Cu alloys are widely used in the aerospace industry
due to their high specific strength and excellent machining properties. In this alloy, copper
increases the strength of the material as it forms intermetallic compounds with alloying elements.
Moreover, precipitation hardening is possible by dissolving copper in aluminum in the solid phase.
In this study, it was aimed to investigate the microstructure and mechanical properties of Al-Cu
alloy. For this, firstly, Al-Cu alloy was melted at 800 °C and 0.3% and 0.5% by weight steel
powder was added into this melt. The Al-Cu melt, mixed at 300rpm for 10 minutes, was controlled
with aluflux and degassing tablets and then poured into a steel mold. Heat treatment for the Al-Cu
alloys was fulfilled at 500 degrees for 2 hours and then they were cooled in water. The aging
process was carried out by keeping it in an annealing furnace at 150 and 200 degrees for 1 and 3
hours. After the manufacturing processes, the samples were polished and etched for
microstructural studies. The obtained Vickers hardness values were analyzed with the Taguchi
method and the results were evaluated.

Keywords: Al-Cu, Taguchi, ANOVA, Steel powder, Casting, MMCs, AMCs
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A STUDY ON AL-CU-MG ALLOY REINFORCED BY CERAMIC CLAY
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Abstract

Aluminum and its alloys are used in many tools and equipment that are part of daily life. In
addition, they find a wide application area in important sectors such as automotive, aerospace,
defense and food industry. The most important features of aluminum that make it important and
give it such a wide usage area are its low density and relatively good level of durability and
functionality. However, the strength of aluminum is relatively low. Fortunately, different methods
have been developed to overcome this. In this study, Aluminum-Copper-Magnesium alloys are
reinforced with ceramic clay. The composites are produced via stir casting method. After casting,
the samples are heat treated in the furnace to 500 degrees for 2 hours and then cooled in water.
Then, the aging process is applied to the samples at 150 and 200 degrees for 1 and 3 hours.
Microstructures of the samples are examined by optical microscope and SEM. In addition, the
densities, porosity content and Vickers hardness analysis are performed and the results are
evaluated with the Taguchi method.

Keywords: Al-Cu-Mg alloy, Taguchi, Casting, Composite.
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MATERIAL PARAMETERS OF GASB ALLOYS FOR SILICON
PHOTONICS APPLICATIONS
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Abstract

The silicon based photonic devices operating in the communication bands are produced by
integrating different semiconductor materials for ultrafast data transfer. Incorporation of
aforementioned devices can also lower the cost considerably. When designing novel photonic
integrated circuits, there are some problems, one being the semiconductor materials having a
direct/indirect band gap and a chance of mismatching the properties of constituent materials.
Firstly, the direct bandgap semiconductor materials are needed for new device architectures.
Secondly, material incompatibility between the host and integrated materials causing faulty
transactions. In this study, we theoretically investigated the temperature and hydrostatic pressure
dependence of material parameters of the gallium antimonide (GaSb) based materials. The GaSb-
based lasers can be grown directly on a silicon platform for photonic integrated circuits. The
evaluation, simulation, and understanding of the parameters on this material system provided us
the opportunity to create Si-based electronics with desired properties to optimise device designs.

Keyword: GaShb, Semiconductors, Temperature, Hydrostatic pressure, InGaSbh
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Abstract

A worldwide movement in advanced manufacturing countries, such as Germany, is to improve
productivity and efficiency in industrial manufacturing by incorporating the latest advances in
information and communications technology (ICT). The introduction of the internet into the
manufacturing environment has led to proposing two concepts in the field of advanced manufacturing
namely Industry 4.0 and cloud manufacturing. The two concepts have some similarities but adopt
different approaches to promoting the development of manufacturing industry.

Realizing the great significance of the two concepts to the manufacturing industry, this paper provides
an understanding of Industry 4.0 and cloud manufacturing concepts and their relationship. It
introduces and presents an overview of both concepts and their major technologies then explores the
relationship between the two concepts in terms of similarities and differences.

Keyword: Industry 4.0, Cloud Computing, Cyper-Physical Systems (CPS), Internet of Things (loT).
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Abstract

Developments in the field of carbon nanotube technology have expanded the area of application
from the medical field such as cancer diagnosis to hydrogen storage and nanotube transistors. Due
to their chemical, electrical and mechanical properties, carbon nanotube technology also have
many applications in nanotechnology and materials science. However, the scale at which the
physical phenomena of carbon nanotubes are visible is too small to conduct physical investigations
due to their size. Therefore, the aim of this study was to compare different machine learning
techniques for precisely determining the coordinates of carbon nanotubes and to minimize the
computation time for atomic coordinates from days to minutes utilizing established prediction
models. Eighteen Traditional, Tree and Boosting based machine learning regression methods —
Linear regression, Passive Aggressive regressor, Linear Discriminant Analysis, Linear Support
Vector regression, Support Vector regressor (SVR), K-Neighbors regressor (KNN), Gaussian
Naive Bayes, Decision Tree regressor, Random Forest (RF) regressor, Extra Trees regressor,
Bagging regressor, Adaptive Boosting (AdaBoost) regressor, Gradient Boosting regressor,
Extreme Gradient Boosting (XGBoost) regressor, CatBoost regressor, Light Gradient Boosted
Machine (LightGBM) regressor, Histogram Gradient Boosting (HistGBM) regressor and
ensemble model that consist of the combination of these methods were used. The performance of
the proposed models is evaluated with Mean Absolute Error (MAE), Root mean squared error
(RMSE) and R-squared (R2) score. The methods with the best performance in finding the three
coordinates separately are given as follows: Linear regression and KNN regressor from traditional
based methods, RF from tree based methods and CatBoost regressor, LightGBM regressor and
Gradient Boosting regressor from boosting based methods. R2 score, RMSE, MAE values changes
from, 0.53 to 0.80, 0.16 to 0.21, 0.08 to 0.12, respectively. This preliminary study indicates that
the atomic coordinates of carbon nanotubes can be predicted with a low-error and lower
computational time using machine learning methods.

Keywords: Atomic Coordinate, Carbon Nanotube, Machine Learning
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Abstract

Magnetic resonance imaging (MRI)-guided high-intensity focused ultrasound (HIFU) performs an
important clinical role in the treatment of uterine fibroids. One of the biggest challenges in this
treatment is the selection of patients suitable for HIFU treatment. Therefore, the aim of this study
was to comparatively evaluate the role of classical and quantum support vector machine (SVM)
for predicting the treatment outcome of HIFU ablation with an immediate nonperfused volume
(NPV) ratio of at least 80%, which was defined a measure of clinical treatment success. We, in
this study, used multiparametric (mp) MRI features including anatomical characteristics of patients
and tissue characteristics of lesion outlining its cellularity, diffusivity, and vascularity. The
screening MR examinations of 73 women (mean age, 38.8 years; range, 22—-49 years) were
included in the analysis. Kernel methods for machine learning are important for pattern
recognition, with support vector machines (SVMs) being the most well-known method for
classification problems. So, in the quantum part, we set up the quantum kernel class to calculate a
kernel matrix using the ZZFeatureMap and we ran our model using 1024 shots in Qasm simulator.
In the classical part, we utilized radial basis function as kernel and also, we split the datasets into
8 groups by performing the 8-fold cross validation to evaluate generalizability and accuracy of the
model. Quantum SVM gave the superior performance with 0.87 test score value compared the
classical SVM with test score value 0.84. However, process time (training and testing) was lower
in classical SVM with 13 seconds. Our study confirms that the Quantum SVM method can use for
tumor classification problems instead of classical SVM with higher performance.

Keywords : High-intensity focused ultrasound, Quantum support vector machine, SVM,uterine
fibroids
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AN ASSESSMENT OF THE EFFECT OF VISCOSITY, SOLUBILITY, AND
MISCIBILITY RATIOS ON COP IN VAPOR COMPRESSION
REFRIGERATION COMPRESSOR OILS

HASAN MITHAT DELIBAS™, EMRAH DENIZ?, GURSAH GURUF?

'Hasan Kalyoncu University, Engineering Faculty, Mechanical Engineering, Gaziantep, TURKEY.
2 Karabuk University, Engineering Faculty, Mechanical Engineering, Karabik, TURKEY.
*hmithat.delibas@hku.edu.tr

Abstract

Refrigerating machines, air conditioners, and heat pumps using the vapor compression
refrigeration cycle are systems that operate according to the laws of thermodynamics. These
systems offer a wide range of services for both domestic and industrial use in many different
industrial areas from the food industry to the pharmaceutical industry. Therefore, the amount of
energy consumed by systems using this cycle is more than 15% of the energy consumed
worldwide. Considering these systems, which have a high energy consumption potential, and the
increasing energy production-distribution costs, it is very important to determine the conditions
that affect the COP value of the systems using this cycle. Especially the compressor, which has
the highest energy consumption for these systems, is one of the most important elements to be
considered due to the working oil in its volume. These oils can be affected by the slightest
temperature changes in the system and must work in complete harmony with the refrigerant
technology. The incompatibility between the compressor oil technology and the type of refrigerant
causes problems such as the formation of unsuitable viscosity, solubility, and miscibility ratio in
the refrigeration system, and thus causes significant disruptions in the system. In this study, the
data of previous studies has been compiled and made into a meaningful interpretation as a whole.
The effect of oil accumulation on the system COP and system elements is explained by considering
the viscosity, solubility, and miscibility ratios. In line with the extensive literature studies, it is
seen that such an assessment has not been made on this title so far

Keyword: Refrigeration cycle, Vapor compression system, Compressor oils, Coefficient of
performance (COP), Solubility, Miscibility, Viscosity.
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3B yazicida iiretilen polilaktik asit (PLA)/peroksit kompozitinin mekanik
davramsinin incelenmesi

Musa Yilmaz™!, Necip Fazil Yilmaz' 2, Ali Kili¢! ve Hidayet Mazi®
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“msyilmaz@gantep.edu.tr.

Ozet

Eklemeli imalat, bir dizi endustriyel sektorde kullanimi giinden giine hizla artan bir Gretim
teknolojisidir. Eriyik yigma modelleme (FDM) ise diisiik maliyet ve tasarim 6zgiirliigli avantaji
ile karmasik geometrilere sahip Urlinlerin Uretilmesinde yaygin olarak kullanilan bir eklemeli
imalat yontemidir. Bununla birlikte, FDM ile {iretilmis polimer iriinlerin ara yiizey yapisma
mukavemetlerinin diisiik olmasi bu yontemin zay1f yoniinii olusturmaktadir. Bu ¢alismada, FDM
teknolojisi ile ¢alisan 3B yazicida PLA filamentinin serilmesi esnasinda peroksit takviye edilerek
yeni bir kompozit malzeme iiretimi gergeklestirilmistir. Peroksit ile ¢apraz baglanan PLA
polimerinin katmanlar1 arasinda ki ara yilizey mukavemetinin artirilmasi amaglanmis ve tiretilen
bu kompozit malzemelerin ¢ekme dayanim ve sertlik gibi mekanik 6zellikleri arastirilmistir.
Ayrica, ¢ekme testi sonrasinda kompozit numunelerin kopma yiizeyleri taramali elektron
mikroskobu (SEM) ile incelenmistir. Deneysel sonuglar, peroksit ile ¢apraz bagli PLA
kompozitinin ara yiizey mukavemetinin arttigin1 ve buna bagli olarak mekanik 6zelliklerinin
gelistigini gostermistir.

Anahtar Kelimeler: Capraz baglanma, Eklemeli imalat, Kompozit, 3D yazici, PLA
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RESEARCH ON THE ELECTRICAL EFFECT OF FERROMAGNETIC
MATERIAL ON THE COIL

MEHMET ALI OZCELIK™, AHMET AYCAN!

!Gaziantep University, Technical Science, Department Electric and Energy, Gaziantep, Turkey.

Abstract

Applying an electric current to the coils causes a magnetic field to around them. The self-induction
electromotive force occurring in this magnetic field depends on time, coil current, and the number of
turns. Ferromagnetic materials such as iron, cobalt, and nickel can be magnetized in this magnetic
field. In the study, different values of Alternating and Direct current were applied to the coil wound
on the square-shaped carcass under core and coreless conditions. Obtained values are interpreted with
tables and graphics. In the application made by placing the silicon core in the coil under varying
values, it was observed that the values obtained in the core and coreless cases were the same. In
alternating current measurements, it was determined that the electrical current values obtained under
both conditions were different. In this study, the effect of the core on the coil has been demonstrated
experimentally in electrical system.

Keywords: Electric motor, Magnetic field, Ferromagnetic material
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CLASSIFICATION OF NEONATAL EPILEPTIC SEIZURE FROM
ELECTROENCEPHALOGRAPHY SIGNALS USING DEEP NEURAL
NETWORK
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Abstract

This study used a deep neural network to predict newborns' epileptic seizures. The proposed deep
neural network is based on a convolutional neural network. Today, deep neural networks are used
in many fields, such as voice recognition, object recognition, pattern recognition, disease
diagnosis, etc., due to their effectiveness in classification problems. Neonatal seizures with severe
neurological dysfunctions, including hypoxic-ischemic encephalopathy, stroke, meningitis,
infarction, etc. Unlike adults, newborns' epileptic seizures are not easily understood because they
are confused with normal behaviours such as yawning and thumb sucking. For this reason, there
is a need for neurologists specialized in this field. However, training a well-trained neurologist is
a highly time-consuming and costly process. Therefore, for the detection of epileptic seizures in
newborns, an assistive system can be recommended to the physician by utilizing good machine
learning techniques. This system begins with collecting and recording electroencephalography
(EEG) signals. Then, noises originating from EEG signals, network, interference during
transmission, unwanted movements during recording, eye movements, etc., are removed. The next
step is the feature extraction process. Various features are extracted that can best represent the
EEG signal. After feature extraction, these features are used for classification purposes. In the
classical approach, the data set for the classification process is divided into two parts: the training
and the test data set. The weights of the deep neural network are fixed by optimizing the training
set. Deep neural networks then allow new classifications to be made. However, in this study, 38
EGG data obtained from 39 newborns were used for training and one for testing. This process was
continued so that each newborn was in the test data once. Thus, the model is made to be able to
make inferences from data that it has not encountered before. According to the results obtained,
over 90% success was achieved in classifying epilepsy. The results were also confirmed
statistically. Classification of neonatal seizure from electroencephalography signals by using deep
neural network.

Keywords: Deep Learning, Epileptic Seizure, electroencephalography
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THE EFFECT of “B” TARGET VOLTAGE on WEAR PROPERTIES of
TiCrNb-hBN COATINGS
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Abstract

This paper goals to determine the effect of boron target voltage on elevated temperature wear
behavior of newly designed (Ti, Cr, Nb)-hBN PVD coatings. For this purpose, this layer is growth
on the AISI L6 (55NiCrMoV7) with various target voltage (600 V, 700 V) using high impulse
magnetron sputtering setup. The coating layer has a graded design and has been coated on the
substrate surface as Cr - CrN - TiCrN - TiCrNbN and finally TiCrNb-hBN (working layer),
respectively. The surface properties of the layer were determined by SEM and optical profilometer.
It is seen that the coatings are deposited on the surface in a granular structure away from the
deposition defect (such as droplet or hole), and the roughness values increase as the target voltage
increases. Phase analysis is determined by XRD, and average grain size calculations are performed
using the XRD data. The coating layer has grown to the surface by the TiN (112), CrN (311), NbN
(111) and h-BN (001) orientations. Then, mechanical tests including micro-hardness and scratch
tests were conducted on the specimens. Although the layer that produces with both different
parameters improves the hardness of the substrate (4.7 GPa), the hardness of the coating layer with
700 V voltage (24.67 GPa) is higher than the others. Based on scratch tests, scratch crack
propagation resistance (CPRs) values were determined as 40 N2 and 1650 N2 for coatings produced
at 600 V and 700 V, respectively. Wear behavior of specimens are specified using ball on disc
type tribometer at 450 °C. It is seen that the coating with high hardness and scratch resistance
offers unique contributions to the wear performance of the substrate. The optimum value of the
target voltage to be used in the production of this innovative coating has been brought to the
literature.

Keyword: TiCrNb-hBN, Target voltage, Elevated temperature, Scratch, Wear
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DISTANCE EFFECT OF THE ROWS OF TUBES INSERTED ON THE
ABSORBER OF A SOLAR COLLECTOR: NUMERICAL AND
EXPERIMENTAL APPROACH
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Abstract

The article presents a numerical and experimental study of heat exchanges in forced convection in
a solar air collector equipped with an absorber made from used cans. This collector was designed
and produced at the University of Ain Temouchent. Measurements of ambient temperature, solar
flux and airflow were made, presented and interpreted. The influence of the distance of the rows
of tubes on the thermal efficiency has been analyzed and compared to the case of a simple solar
collector. The thermo-convective structure and the dynamic behavior of the flow were also
presented and interpreted for the whole geometry and for selected sections.

Keyword: Simple air collector, Experimental, Forced convection, Thermal efficiency, Can,
Drying, Agricultural products.
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THERMAL WEAR PERFORMANCE EVALUATION OF FNC TREATED
AND STAINLESS STEEL COATED BRAKE DISC
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Abstract

Expectations from new generation automobile brake discs are increasing rapidly. Gray cast iron-
based brake discs are safe and economical parts that are exposed to high wear and corrosion in the
face of increasing vehicle speeds and road conditions. Disc life and brake performance are reduced
due to varying harsh weather and aggressive road conditions. Trends and developments in electric
vehicles; weight reduction, higher wear and corrosion resistance, lower replacement costs, and
minimum brake dust are desired without loss of brake performance on the new generation brake
discs. For this reason, advanced surface treatment or coating applications on brake discs are an
inevitable necessity. Within the scope of this experimental studies, laser cladding and ferritic
nitrocarburizing (FNC) processes were separately applied to the pad-disc friction surface of the
cast iron brake discs. Then pad-disc friction properties and the brake performance were measured
by a dynamometer test at different temperatures. Test results are presented comparatively. The
findings are quite satisfactory in terms of both wear resistance and brake performance. Coating
brake discs by the thermal process instead of uncoated discs is a great way with high application
potential for improving brake performance.

Keyword: Brake disc, Laser Cladding, Ferritic Nitrocarburizing (FNC), Wear Resistance,
Stainless steel
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Abstract

Construction and demolition waste (CDW)-based geopolymers are newly-developed green
binding materials providing reduction in the carbon footprint of the Ordinary Portland cement-
based materials by eliminating their utilization in the construction industry. In addition to
alternative green materials for the materials with high environmental impact, advanced production
methods including 3-dimensional (3D)-printing also contribute to environmentally friendly
construction operations. Because of the advantages of 3D-printing for built-environment
applications such as reduction in waste production, time-efficiency, low-labor requirement, cost-
efficiency, and low environmental impact, development of materials suitable for 3D-printing and
research on improvements of 3D-printing application-related issues has attracted great interest in
recent years and, for the studies for these areas of interest, predicting the applications before the
actual printing made by using the materials developed provides great convenience. In this regard,
numerical modelling&simulation is a promising technique to observe the possibility of 3D-
printing for CDW-based geopolymer materials. However, the fresh properties of the developed
geopolymer materials are the key factors to develop an accurate numerical model. This study
focuses on the characterization of newly-developed CDW-based geopolymer materials by
conducting triaxial compression testing and their numerical modelling. For accurate modelling,
young modulus (E), poisson ratio (v), cohesion factor (C), friction angle (phi), and the density of
the fresh geopolymer materials are determined and numerical modelling of 3D-printing application
is performed especially for assessing the buildability performance of the targeted materials. The
study also performs a comparative analysis of the model developed with the experimental study.
Different geometries such as circular, semi-circular and square cross-sections have been tested for
verification. According to the results of the study, experimental results are in line with the
numerical results from numerical modelling largely.

Keywords: Construction and Demolition Waste, Geopolymer, Three-Dimensional Printing, Fresh
Properties, Numerical Modelling, Simulation.
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FPGA IMPLEMENTATION OF SENSORLESS SPEED DETECTION
FORINDUCTION MOTOR
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Abstract

In this study, a sensorless, real-time speed detection method for induction motors which are
frequently used in industry based on FPGA is proposed. The three-phase stator current variation
at zero crossing time (ZCT) is transferred in real-time from the proposed method to the FPGA.
Fast Fourier transform is used to perform spectrum analysis on the ZCT signal in the FPGA
environment. The spectrum representing the motor speed is identified as (fr). The suggested
method has been put into practice using the MATLAB environment and an NI FPGA board and
has been validated on a 4 kW, 4 pole induction motor at various speed values.

Keyword: Induction Motor, FPGA, Sensorless Speed Detection, Zero Crossing Time
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Abstract

Tarim iriinlerinin iiretilmesi ve yetistirilmesinde karsilagilan problemlerin yani sira yaban
hayvanlarindan korunmasi da giinlimiiziin 6nemli problemlerinden birisidir. Giinlimiizde
kullanilan yaban hayvani kovucu sistemler belirli zaman araliklarinda ses c¢ikarip korkutma
mantiginda ¢alismaktadir. Bu sistemler zamanla canlilar i¢in alisilagelmis sesler olmakla birlikte
canlilar bu sese kars1 duyarsizlagmaktadirlar. Tarim alanlarinin genellikle genis alanlar olmasi
fiziksel olarak korumasini giig¢lestirmektedir. Otomatik kontrol teknolojisinin gelisimi ile birlikte
otomatik sistemler bu tip sistemlerin kontrolii agisindan 6nem kazanmistir. Bu ¢alismada, lazer
1siklar ile tarim arazilerinin c¢evresel olarak kontrollinii saglayan bir otomatik sistem
gerceklestirilmistir. Sistem tek bir noktadan arduino denetimi ile gergeklestirilmektedir. Sistemin
enerji gereksinimi arazi sartlari diisliniildiigiinde oldukga zordur. Bu nedenle sisteme giines enerjisi
sarj kontrolii dahil edilmistir.

Keywords : Gomiilii Sistem, Yaban Hayati, Arduino,Lazer Isik
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FPGA BASED BATTERY MANAGEMENT SYSTEM DESIGN
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Abstract

Battery management systems (BMS) are becoming an important part of all types of electric
vehicles using battery packs. There are various factors such as battery temperature and balance
that directly affect the life, safety, and efficiency of batteries used in vehicles. For security and
robustness, these factors should be monitored and adjusted instantly. Today, battery management
systems are constantly being developed using different production methods and algorithms. In the
studies, calculations are made by measuring parameters such as temperature, current, current
balance, load status, and health status of the battery cells, and the control of the battery group is
provided with these calculations. Instant and continuous measurement and processing of all these
data and the creation of a control algorithm according to the calculation result are possible with
the use of powerful processors. FPGA is a processor that can provide the speed and functionality
required for BMS. In the battery management system, the FPGA is responsible for receiving and
processing all signals from the battery cells and producing results. It processes the data coming
from temperature, current and voltage sensors instantly and applies the control stage required for
balancing. In addition, the charge and discharge capacity of the battery is calculated by measuring
the state of charge (SOC) instantly. SOC is of great importance in the battery management system
to ensure the safety of the battery pack. Therefore, the SOC needs to be estimated accurately and
in real-time. Thanks to its parallel processing capability, the FPGA can simultaneously perform
the operations of reading data from the sensors and performing the related calculations. In this
study, a versatile system design with real-time, high computational speed for BMS was carried out
on FPGA. The voltage and current of an experimental battery based on the embedded system were
monitored in real-time in a simulation environment. Experimental results show that the
instantaneous SOC estimation is successful, and the system returns instant results to the incoming
sensor data. The use of FPGA as a management unit will provide significant advantages in BMS
with its high operating speed, real-time monitoring, low power consumption, and re-
programmability.

Keywords: BMS, Battery management system, FPGA
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SOGUK DOVME PROSESINDE KULLANILAN BIR SIVAMA KALIBININ
SONLU ELEMANLAR YONTEMI ILE INCELENMESI
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Abstract

Sivama operasyonu; soguk dovme yontemi ile iiretilen iiriinlerde tercih edilen bir sekillendirme
metodudur. Sivama islemi, 6nceki istasyonlarda silindirik ve daha biiyiik ¢apa sisirilen veya bu
sekilde elde edilen is par¢asinin, ¢apindan kiiciik ve genelde eksenel simetrik olmayan bir forma
dolmaya zorlanmasi/ilerletilmesi ile gerceklestirilmektedir. Baglanti elemani iiretimi
diisiiniildiiglinde; sivama islemi, genelde kafa altinda bulunan formlarin olusturulmasinda (kare,
alti kose vb.) kullanilmaktadir. Sivama islemi kalip agisindan diisiiniildiiglinde zorlayic1 bir
operasyondur. Ozellikle malzeme akis1 kaynakli asinma ve sekillenme islemi sirasinda olusan
ylikleme kosullar1 nedeniyle kalibin ince cidarlarinda veya gerilme birikmesi olabilecek yerlerinde
mikro catlak olusumu go6zlenebilmektedir. Sonug¢ olarak, kaliplar hasara ugramakta ve
kullanilamaz hale gelmektedir. Bu ¢alismada, M14X115 6zel bir civatanin kafa altinda bulunan
ve rondela montajinda kullanilan alt1 kdse kademe formunun sivama operasyonu detayli olarak
incelenmistir. Kalip performansinin artirilmasi i¢in dncelikle mevcut durumda kulanilan kaliplar;
hem sonlu elemanlar yontemi ile modellenmis hem de iiretim ortaminda performansi takip
edilmistir. Kirilan kaliplar tizerinde yapilan baskin hasar mekanizmasi incelemeleri ve simiilasyon
sonuglari eslestirilerek kalip dmriiniin artirilmasi i¢in yapilmasi gereken tasarim revizyonlart ve
olas1 kalip malzemesi degisiklikleri belirlenmistir. Sonlu elemanlar yontemi ile alternatif kalip
revizyonlar1 incelenmis ve nihai kalip tasarimi ortaya cikarilmistir. Revize edilen formun
tiretiminin ardindan performansin belirlenmesi i¢in kaliplar denenmistir. Yapilan {iretim
denemelerinde kalip performansinin 3 kat artirildig1 ortaya konmustur. Ayrica, kullanilamaz hale
gelen kaliplar incelendiginde revizyon ile birlikte kalipta meydana gelen baskin hasar
mekanizmasinin degistigi saptanmistir. Kaliplarin aginmadan dolay1 kullanilamaz hale geldigi,
catlak veya kirilma gibi bir hasar olusmadigi belirlenmistir.

Keywords: Soguk dévme, Sonlu Elemanlar Ydntemi, Kalip, Hasar Mekanizmasi
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INFLUENCE OF A NATURAL FILLER ON PROPERTIES OF A
POLYMER COMPOSITE BASED ON THERMOPLASTIC
POLYURETHANE TPU MATRIX

Mehmet Aladag®”, Klaudia Lubko?!, Magdalena Joka Yildiz!, Rafal Molak?, Izabela
Zglobicka!, Marek Jalbrzykowski?, Krzysztof J Kurzydlowski?

Bialystok University of Technology, Poland
Warsaw University of Technology, Poland
*mmehmetaladag@gmail.com

Abstract

Extrusion is a very common method of fabrication of advanced composite materials, which has
been successfully used in synthesizing various materials. In the present study, an attempt was made
to use an extruder for consolidating systems with natural filler — buckwheat husk. The rationale
for using this filler was its natural origin and ecological approach to manufacturing the innovative
polymer matrix composites. A novel buckwheat husk composites have been consolidated with
thermoplastic polyurethane (TPU) as a matrix by extrusion method in form of filaments.
Composites have been prepared with various weight-based concentrations (0, 5, 10, and 15%).
The physio-chemical, as well as mechanical properties of the manufactured filaments, have been
investigated.

Keywords: Composite materials, Polymer matrix, Thermoplastic polyurethane, Physico-chemical
properties, Mechanical properties
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MACHINE LEARNING FOR EFFICIENT SWARM INTELLIGENCE

MEHMET EMIN AYDIN ™, RAFET DURGUT ?

“University of the West England, Faculty of Environment and Technology, Department Computer Science and
Creative Technologies, Bristol, UK.
2Bandirma Onyedi Eylul University, Engineering Faculty, Computer Engineering Department, Bandirma,
TURKIYE.

Abstract

Problem solving is one of renown artificial intelligence fields, which has kept attracting research
for decades, while swarm intelligence is recognised as the family of the state-of-art approaches in
problem solving. The main challenge appears to be in the speed of algorithmic approximation
where many approaches were proposed to accelerate and not to spin in local optima. Recent
research demonstrates that inefficiencies in search procedures can be avoided using the
experiences gained while search is undergoing utilising machine learning approaches. We have
demonstrated that reinforcement learning facilitates very capable and powerful tools to gain
experience for immediate use and to generalise for later use.

Keyword: Adaptive Operator Selection, Machine Learning, Reinforcement Learning, Swarm
Intelligence, Artificial Bee Colonies, Combinatorial Optimisation.
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PHYSICAL PROPERTIES OF RING AND AIR VORTEX YARNS
MADE OF SOYBEAN RECYCLED POLYESTER POLYESTER AND
VISCOSE

GULISTAN BANU GOKGONULY, EMEL CEYHUN SABIR!, MEHMET
KERTMEN?, AYBUKE SEN?

Cukurova Universitesi - , Turkey
2Iskur Tekstil Enerji Tic Ve San A S, Turkey
bgokgonul@gmail.com

Abstract

Vortex spinning technology is a modified form of air-jet spinning, which is preferred due to its
advantages in production speed and yarn quality. The aim of this research is to compare Vortex
and Ring spinning yarns produced from different fibers. Soybean protein fiber, recycled polyester,
polyester and viscose fibers were used in the study. Soybean fiber has superior comfort properties.
The production of soybean protein fiber by Vortex spinning method will be analyzed and a
contribution will be made to the literature. Produced Ne 28 yarns from 6 different fiber blends
using Vortex air-jet spinning and ring spinning methods were examined and the suitability of the
spinning methods according to the fiber type was revealed. The results showed that the structural
differences of both spinning methods according to the fiber blend give different strength, evenness
and hairiness values. As a result of the yarn performance tests, it has been revealed that the strength
values of 20% soybean, 80% polyester or 80% r PET blended yarns produced with Vortex spinning
technology are lower than Ring. The hairiness values of soybean blended yarns produced with
Vortex is also lower than Ring. Low hairiness will positively affect pilling in the fabric. This
project was supported by Cukurova University Scientific Research Projects Unit. (Project 1D
FDK-2022-14473)

Keywords : Soybean, Recycle polyester, Vortex, Ring, Performance test
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SOLVOTHERMAL SYNTHESIS OF TITANIUM DIOXIDE URCHINS

DERYA KAPUSUZ YAVUZ!

!Gaziantep University, Gaziantep, Turkey
*dkapusuz@gantep.edu.tr

Abstract

Currently, the controlled synthesis of semiconductor nanoceramics, specifically titanium dioxide
(Ti02) is of considerable interest due to their superior photocatalytic performance [1]. In this work,
urchin-like TiO2 particles were obtained by a simple solvothermal reaction at temperatures lower
than 200 °C. Chloroform and acetone were utilized as solvents. In addition, urea, hydrochloric
acid, and water were used at different proportions to control the crystallization and growth
behavior of the particles. The crystalline and chemical properties, as well as the morphology, were
investigated by XRD, XPS, SEM, TEM, and BET. Results indicated that solvent type was notably
effective on the particle size and morphology. The use of acetone led to the formation of
micro/nanospheres with needles on their surfaces. Whereas chloroform led to the formation of
microfibers or smooth microspheres. The addition of water and urea changed the morphology by
controlling the rate of crystallization inside the solution. Hollow urchins smaller than 200 nm could
be prepared using acetone.

Keywords: Titanium dioxide, Solvothermal, Urchin-like, Hollow

This work was funded by The Scientific and Technological Research Council of Turkey
(TUBITAK) under project number 118M195.
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ELECTROCHEMICAL GROWTH OF ALLOYS FROM IONIC LIQUIDS
ON COPPER TO PREVENT CORROSION

ABDULCABBAR YAVUZ!

!Gaziantep University, Gaziantep, Turkey
*abdulcabbaryavuz@gmail.com

Abstract

The literature has plenty of studies regarding the electrodeposition of metals and alloys from
aqueous solutions in great detail. lonic liquids which do not have solvent and have only anions
and cations could be employed as baths for metal and alloy electrodeposition. The surface features
of coatings may be considerably changed by growth conditions. In this study, stoichiometric 1:2
mixes of choline chloride and ethylene glycol called Ethaline were used to create metal and alloy-
based electrodes on copper surfaces. Cyclic voltammograms were used to analyze the growth
potentials of metal and alloy electrodes. Metals and alloys were electrodeposited separately by
using constant potential and ionic liquid electrolytes containing the salt of these metals. Fourier
Transform Infrared spectrophotometer, X-ray Photoelectron Spectroscopy, Energy-Dispersive X-
ray Spectroscopy and X-ray Diffractometer were used to investigate the surface morphologies,
compositions, and structures of the synthesized coatings. Microlayer having nano particles were
obtained for both metals and alloys. It was noticed that the alloy particles that were
electrodeposited at the nano- and micrometer sizes could be agglomerated but these thin film
coatings having nanostructured on copper surfaces were uniform. The Tafel method was used to
reveal the corrosion behavior of coatings. Potentiodynamic polarization of the films were
evaluated in a 3.5 % NaCl electrolyte. The corrosion resistance of the films depended on the
electrodeposition conditions such as applied potential.

Keywords: Alloys, Electrodepostion , Corrosion, lonic liquids
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SUPERCAPACITIVE BEHAVIOUR OF ALLOYS ELECTRODEPOSITED
BY APPLYING DIFERENT GROWTH POTENTIAL

ABDULCABBAR YAVUZY, MURAT ARTAN?, NECIP FAZIL YILMAZ?

Gaziantep University -, Turkey
2Gaziantep University — Mechanical Engineering Department, Turkey
ayavuz@gantep.edu.tr

Abstract

The growing demand for clean, sustainable energy that comes from non-fossil sources are studied
by researchers. Additionally, the phenomenon of energy storage and conversion has become
seriously important because energy from wind and solar could be storade for later use.
Electrochemical energy storage and conversion systems including supercapacitors, batteries, and
fuel cells have been studied. Batteries are currently regarded as the primary electrochemical energy
storage technologies as they have high energy density. However, batteries could have some
disadvantages such as short lifetime, low specific power, environmental impact, and safety
concerns. Therefore, recently supercapacitors are considered as one of the most promising energy
storage solutions because they could have high specific power and capacitance retention. In this
study flexible alloy coated electrodes were obtained for supercapacitor applications. On a graphite
substrate, materials based on two metals were potentiostatically electrodeposited using a bath
having the ions (salts) of both metals. Alloy coated graphite films were scanned in alkaline
electrolyte at various scan rates between 5 mV s-1 and 100 mV s-1. Scanning electron microscopy,
Fourier transform infrared spectroscopy, and X-ray diffraction were used to evaluate the modified
alloy-based electrodes. EDX analysis was used to calculate the metal production ratios on graphite
substrate depending on various deposition voltages. Galvanostatic charge-discharge behaviour of
the modified electrodes at various applied voltages support the supercapacitor behavior of the
coatings. The self-discharge behavior of electrodes is one of the main problems of supercapacitors
for probable applications. The modified electrodes' self-discharge curves showed that lowering of
the deposition potential can reduce the self-discharge problem.

Keywords: Alloys, Electrodepostion, Supercapacitor, Metals
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PRODUCTION OF HEAT TREATED METAL SHEET FOR ENERGY
STORAGE DEVICES
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“Gaziantep University, Gaziantep, Turkey
*bedir@gantep.edu.tr

Abstract

The need for energy has increased with the development of technology. Fossil fuels are the main
source of non-renewable energy and it is easy to transfer these sources and use them instantly
when needed. Storage of fossil fuels is not a significant problem as they can generally be handled
and store easily. Renewable energy sources have been naturally used but they mostly depend on
location and climate conditions. For example, dams and windmills cannot build everywhere and it
is not possible to produce electricity from a photovoltaic cell at night or generate electricity from
dams if there is drought. Therefore, it is necessary to store the electrical energy produced by these
sources to use anytime. Energy storage is also important for mobile devices and electrical vehicles.
With the development of technology, numerous types of mobile devices including cell phones,
mobile computers, mobile drills, and hair cutters have been invented. Most of these devices use
batteries. Fuel cells, batteries, and capacitors can be the main devices to store and use electrical
energy in the application of mobile devices. Supercapacitors could be in between these two types
of devices as they can have both high power and energy density. When supercapacitors currently
used are compared to the most common type of batteries (lithium-ion batteries), the benefits of
supercapacitors outweigh their drawbacks. The charging duration of a supercapacitor could
generally be less than 10 seconds whereas it takes about 60 minutes to fully charge a lithium-ion
battery. The cycle life of supercapacitors could be around one million cycles but batteries capacity
significantly drop after 500 cycles and when batteries reach around 1000 cycles, they can become
almost useless. People may usually observe dead batteries because of their capacity problems when
using smart phones after several hundreds of charge-discharge. Annealing method was applied to
fabricate metal oxide based thin coating on a metal substrate. The metal oxide was cycled in
various baths to find an appropriate electrolyte. Metal based electrolyte was cycled by applying
different scan rate in order to elucidate electrochemical behaviour of the electrodes. Some
important characteristics of the films were investigated by using XRD, SEM, XPS, FTIR and
cyclic voltammetry measurement. It was found that annealing temperature and time could be
critical for the performance of the energy storage devices. Metals could be heated in a muffle
furnace to form its oxide layer which could be used in an energy storage devices.

Keywords: Electrochemistry, Annealing, Cyclic Voltammetry, Energy Storage
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HYBRID FAILURE CRITERIA APPLICATION FOR COLD FORGING
DIES

BURAK TOPARLIY, BAYBARS SARICA!

INorm Fasteners - Turkey
*burak.toparli@normfasteners.com

Abstract

Low energy consumption and high efficiency production have become more crucial in recent years
since the COVID pandemic increases environmental awareness, commodity and energy costs. In
this study, a new failure criteria approach was presented for cold forging dies for the sake of
improvement in die performance leading to increase in efficiency in production, i.e. OEE (Overall
Equipment Effectiveness) and decrease in cost. Particular interest was directed to die inserts and
stress rings which are assembled with pre-stressing. Since, the mechanical behaviour of the
materials preferred for die inserts (WC-Co metal ceramic composite) and stress rings (tool steels)
deviates under tension and compression, application of different failure criteria was required. In
this study, particular interest was directed to WC-Co hard materials and various failure criteria
available in the literature. A standard DIN 6921 M12 hexagonal bolt with flange was chosen in
this scope. After finite element modelling of the cold forging process, die analysis was carried out
and different failure criteria were applied for die insert and stress ring. As a result, die design was
modified and new dies were produced. At the production floor, new dies were employed and
performance was monitored. About 80% performance increase was achieved with the new design
leading to significant increase in OEE and decrease in cost of both dies and overall production.

Keywords: Failure criteria, WC-Co hard metals, Die design
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DETERMINATION OF TWO PORT NETWORK PARAMETERS BY
UNCALIBRATED SCATTERING PARAMETERS

HAMDULLAH OZTURK!, UGUR CEM HASAR!

!Gaziantep University, Gaziantep, Turkey
*hamdullah.ozturk@hotmail.com

Abstract

In this study, a methodology is proposed to determine all scattering (S-) parameters of a two-port
device (or network) using uncalibrated measurements. To verify the method used, analyzes were
made for an X-band waveguide (8.2-12.4 GHz). To apply the proposed method, we used three
different topologies such as a reflecting line, (direct and reversed configurations) a non-reflecting
line, and (direct and reversed configurations) a device. As different from previous studies, it
determines all S-parameters of the device without any sign ambiguity. Additionally, it has the
ability of evaluating the terms of error networks, as a byproduct, up to constant terms. A vector
network analyzer (VNA) purchased from the Keysight Technologies (N9918A) was used to
perform measurements for validation of the proposed method. The preferred method was validated
by extracting the S parameters of a bianisotropic metamaterial sheet constructed by some discrete
resonators.

Keywords: Microwave measurements, S-parameters, Metamaterial.

284 https://ticmet.org  ~----rwem----



https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
mailto:hamdullah.ozturk@hotmail.com
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view
https://www.ticmet.org/admin/confs/ticmet22/papers/927/view

INVESTIGATION OF BENDING STRENGTH IN FML COMPQOSITES
PRODUCED USING STEEL MESH WIRE

MEHMET ALI AKELOGLUY, MELIH BAYRAMOGLU?

tUniversity of Gaziantep - Gaziantep, Turkey
2Cukurova University - Adana, Turkey
*makeloglu@gantep.edu.tr

Abstract

Fiber Metal Laminate (FML) composites were primarily developed to improve fatigue strength in
the modern civil aerospace industry. Further studies have shown that, with the help of different
configurations, it also has other advantages such as excellent impact and damage resistance, fire
resistance and light weight impact resistance. In this study, the bending strength behavior of the
fiber-metal composition was investigated by determining its flexural properties. Test samples were
fabricated using extremely thin stainless steel mesh material in place of sheet metal layers as a
traditional component of FML composites. The specimens were produced as FML (Fiber Metal
Laminate) composites with steel meshes and FRP (Fiber Reinforced Polymer) composites
produced also in the same combination but without steel mesh layers. In experimental stage,
specimens were investigated with “Flexural Bending Tests™ were conducted in a Universal Testing
Machine, having three-point test fixtures such as specimen, support and loading nose. Testing
parameters were conducted according to ASTM D7264 Standarts, Flexural Properties of Polymer
Matrix Composite Materials.

Keywords: Composites, Fiber reinforced polymer (FRP), Fiber metal laminate (FML), Steel
mesh, Bending strength, Flexural properties.
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DISTRIBUTION OF ALUMINA IN BULK POLYMERS PRODUCED BY
TRADITIONAL MOLDING AND 3D PRINTING: A COMPARATIVE STUDY

OMER EYERCIOGLU™, DERYA KAPUSUZ YAVUZ?, DIMA BABI?

!Dept. of Mechanical Engineering, Gaziantep University, 27310 Gaziantep, Turkey.
2Dept. of Metallurgical and Materials Engineering, Gaziantep University, 27310 Gaziantep, Turkey.

Abstract

This research compared the effectiveness of digital light processing (DLP) and traditional molding
(TM) techniques on the uniform dispersion of ceramic particles within bulk polymers. 50 wt.%
alumina-reinforced 3D printing-sensitive resins were manufactured using both techniques under
identical conditions. Scanning electron microscope equipped with energy dispersive spectrometer was
used to characterize bulk resins (SEM-EDS). SEM images and EDS mapping results demonstrated
that alumina micro-particles were dispersed more evenly in the DLP-derived photopolymer than in
the resins manufactured by traditional molding (TM), which exhibited large aggregates and an
inability to break alumina aggregates. Overall, the results demonstrated the superiority of DLP over
TM for the manufacture of uniform ceramic/polymer composites, which can facilitate the fabrication
of large, uniform ceramic pieces after the photopolymer is removed.

Keywords: DLP, 3D printing, Photopolymer, Alumina, Green parts.
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POTENTIAL OF SPECTRUM SELECTIVE NANOFLUID FOR
SUSTAINABLE COOLING OF AGRICULTURAL GREENHOUSES AN
EXPERIMENTAL EVALUATION

MUHAMMAD USMAN SAJIDY, YUSUF BICER!

'Hamad Bin Khalifa University, Qatar
*ybicer@hbku.edu.qa

Abstract

The agricultural greenhouses in hot arid climates require energy-intensive cooling systems to
maintain optimum temperature for the optimal growth of plants. Plants utilize only visible portion
of the solar spectrum during photosynthesis. In contrast, infrared radiations in the solar spectrum
are trapped inside greenhouse and cause a significant rise in the cooling load of greenhouse. This
study experimentally evaluates the impact of application of spectrum selective nanofluid on the
inside temperature of greenhouse, heat gained by the cooling system, and photothermal conversion
efficiency of the system. Spectrum selective CuS-ZnO/water hybrid nanofluid having a
concentration of 0.0025wt.% was prepared using two-step method. The CuS and ZnO nanoparticle
ratios were 95% and 5%, respectively. The optical transmission of prepared nanofluid confirmed
the higher transmittance in the visible region and lower transmission in the infrared region of
spectrum. The experimental setup consists of a duct (having 8 mm distance between front and back
sheet) installed in front of a greenhouse unit, thermocouples to measure the temperature at various
locations, a datalogger to record the measured temperature values, a cooling unit, pumps for
circulation of water and nanofluid, DC power supply, air heater to raise temperature of air,
spectrophotometer to find the transmittance of sunlight through the duct and solar simulator to
provide artificial sunlight. The experimental results showed that the inside temperature of
greenhouse unit was lower when nanofluid was flowing through the duct than water flowing
through the duct or empty duct case. The cooling system gained an average of 23.45% less heat
for duct containing nanofluid than the empty duct case under similar conditions. The CuS-
ZnOl/water hybrid nanofluid displayed about 24% higher photothermal conversion efficiency than
the water for a flow rate of 8.1 liters per hour.

Keywords: Agriculture, Food Security, Heat, Nanomaterials, Spectrum splitting
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MICROWAVE COAXIAL PROBE MEASUREMENTS OF METAKAOLIN
GEOPOLYMERS AT THEIR EARLY CURING TIMES

UGUR CEM HASAR "1, HAMDULLAH OZTURK !, HUSEYIN KORKMAZ!, MUSA
BUTE?, ANIL NIS2, AHMET TASDEMIR?, ABDULKADIR CEVIK? MUHARREM
KARAASLAN*

“IDepartment of Electrical and Electronics Engineering, Gaziantep University, Gaziantep 27310, Turkey
2Department of Civil Engineering, Istanbul Gelisim University, Istanbul 34315, Turkey 3Department of Civil
Engineering, Gaziantep University, Gaziantep 27310, Turkey “Department of Electrical and Electronics
Engineering, Iskenderun Technical University, Hatay 31200, Turkey

Abstract

Geopolymer samples, as compared with ordinary Portland cement samples, generally gain
mechanical strength at early ages, show good resistance to acid and sulfate reactions, and have less
creep and shrinkage. In addition, these samples are environmentally friendly because they can
reduce CO2 emissions in the world and additionally decrease industrial waste consumption. In this
regard, they have great potential in the construction of infrastructures. However, information about
fundamental reaction mechanisms and phase transformations taking place in the
geopolymerization process has been insufficient yet. To fill this gap, in this study, we carried out
microwave coaxial probe measurements of metakaolin geopolymer samples with two different
sodium silicate to sodium hydroxide ratios of 1 (Set-1) and 2.5 (Set-2) to examine the role of water
during the geopolymerization process within geopolymer samples. From microwave
measurements, it is observed that the dielectric constant ( ) of the metakaolin Set-1 geopolymer
sample is smaller for about 2 hours of curing than of the metakaolin Set-2 geopolymer sample.
This can be interpreted as the faster reaction of activators with water for the metakaolin Set-2
geopolymer sample for the first few hours of curing, compared with the reaction of activators with
water for the metakaolin Set-1 geopolymer sample.

Keyword: Microwave measurements, Coaxial probe, Permittivity, Metakaolin, Geopolymer.
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YARN QUALITY INVESTIGATION OF COMPACT COTTON YARNS
WITH DIFFERENT COMBING NOIL PERCENTAGE

HALIL iBRAHIM CELIK!, OZHAN COBAN, ESIN SARIOGLU?

Faculty of Engineering, Department of Textile Engineering, Gaziantep University, Gaziantep,
27310, Turkey

2Fine Arts Faculty, Department of Textile and Fashion Design, Gaziantep University, Gaziantep,
27310, Turkey

Abstract

The noil percentage of the combing process can be varied 8-25% depending on the cotton quality
and combing machine adjustments to obtain desired cotton yarn quality parameters. In this study,
the effect of combing noil percentage on yarn quality for different linear densities (19.7 and 14.8
tex) and twist coefficients (3, 3.5 and 4) in the production of the compact spun yarn was
investigated. Comber noil percentage was chosen in accordance with optimum combing machine
setting as 14, 16 and 18%. The amount of noil percentage to be extracted at comber was achieved
by forward feeding detaching which means the material is fed whilst the nipper is rocking towards
the detaching roller to obtain better fiber control. Then, the tenacity, elongation, unevenness,
imperfection index (IP1) and hairiness values of the yarn samples were determined. Analysis of
variance and multiple regression analysis was carried out to analyze the relationship between a
yarn quality variables and linear density, twist coefficient, noil percentage independent variables.

Keyword: Comber noil, Forward feeding, Compact yarn, Yarn quality, Twist coefficient.
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INVESTIGATION OF EFFECT OF PRE-CONSUMER RECYCLING
ACRYLIC FIBER RATIO ON YARN AND FABRIC PROPERTIES
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Abstract

Within the framework of the European Green Deal, with the adoption of the circular economy
model, it is necessary to investigate the recyclable possibilities of the wastes produced in the
production of residual products. We can classify textile industry wastes as fiber, yarn, fabric waste,
and post-consumer waste of the product in terms of raw materials. Raw material wastes formed
during production before consumer use are expressed as pre-consumer, and wastes formed after
use are expressed as post-consumer. Both pre-consumer and post-consumer wastes can be recycled
and used at certain rates in the production of new textile products. In this way, the waste of textile
products before and after use is recycled, contributing to the ecological environment. This study
covers the recycling of 100% acrylic yarn waste, which is pre-consumer waste, by mechanical
method and reuses in acrylic yarn production. For this purpose, Ne 20/1 yarns were produced with
the same production parameters by blending acrylic fiber recycled from yarn waste with acrylic
virgin fiber at 20, 30, and 40% ratios. Furthermore, a control sample was produced from virgin
acrylic fiber. The tenacity, elongation, unevenness, IPI and hairiness properties of these produced
yarns were determined. Single jersey fabrics were produced using these yarns in the SDL ATLAS
sample knitting machine. Fabric weight, course and wale per cm, air permeability, bursting
strength, bursting height and pilling properties were analyzed. Test results show that the blend
ratio of recycled acrylic fiber ratio has a statistically significant effect on yarn properties. On the
other hand, it was found that this parameter has no significant effect on fabric properties.

Keywords: European Green deal, pre-consumer, Acrylic, Recycling, Yarn.
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DETERMINATION OF INTERACTIVE INFLUENCE OF
NANOPARTICLE SIZE, AMOUNT AND TEMPERATURE FOR THE
UTILITY OF NANOFLUIDS
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Abstract

Interactive influence of nanoparticle diameter, d, and volumetric fraction, ¢ on major
thermophysical characteristics of relative thermal conductivity, k- and dynamic viscosity, u, of
nanofluids as a primary function of temperature, 7' is determined to assess the utility of nanofluids.
In the case study common base fluids of water (W) and ethylene glycol (EG) are used. Spherical
shape Ag and Al>O3 with a selected d, range of (20 nm -100 nm) are used in the covered ¢ range
of (0.25% -5%). Influence of T is set by considering 293 K and 323 K. The referred data ranges
are applied for the calculation of %, and . of nanofluids Ag-W, EG and Al>Os-W, EG in reference
to a calculation procedure provided previously by the authors. The calculated magnitudes of 4. and
- are expressed as a function of d,,, ¢ and T .1t seems that there exists limiting magnitudes of d,,
@ as a function of T for the effective utilization of nanoparticles in base fluids. The interactive
influence of d,,, ¢ and T should be referred for the utility of nanofluids.

Keyword: Nanofluid Utility, Thermal Conductivity, Dynamic Viscosity, Nanoparticle Size,
Volumetric Fraction, Temperature
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A CNN BASED STUDY ON KERF ANGLE ESTIMATION
IN PLASMA CUTTING PROCESS
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Abstract

Plasma arc cutting systems are widely used in steel construction manufacturing enterprises.
In this study, in which the factors affecting the surface quality and kerf angle in these systems
were examined, experiments were carried out according to the 3-level full factorial
experimental design by changing the arc voltage and current values on materials of different
thicknesses, and the data set was obtained by performing 90 drilling operations.

In this study, comparing the FIS tree model and the CNN models was carried out on this
dataset. The convolutional neural network (CNN) architecture has been preferred because the
training and testing time is shorter than other architectures. Thanks to this model, the results of
the parameter values were estimated and the optimization range was extended.

Keyword: CNN, FIS, Kerf Angle, Drilling
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