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General Information

Genel Bilgi

ICMSM 2023
International Conference on Materials Science and Manufacturing
November 17-18, 2023
Online-Live
https:/ /matsciman.com

Zoom Meeting Information

Please click on the zoom link provided for each session below or the link located in the
each session on the program to attend the session of your choice. The Zoom application
is free and no need to create an account. Any session can be joined without a password.
Meeting passcode will be encrypted and included in the invite link to allow participants
to join with just one click without having to enter the passcode. Speakers must be
connected to the session 10 minutes before the presentation time.

Technical Information

* Make sure your computer has a microphone and is working.

* You should be able to use screen sharing feature in Zoom.

* Attendance certificates will be sent to you as PDF at the end of the congress.

* Moderator is responsible for the presentation and scientific discussion (question-
answer) section of the session.

* Before you login to Zoom please indicate your name surname
exp. NAME SURNAME

https:/ /matsciman.com
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Zoom Toplant1 Bilgileri

[stediginiz oturuma katilmak icin litfen asagida her oturum icin verilen Zoom
baglantistna veya programdaki her oturumda yer alan baglantiya tiklayin. Zoom
uygulamasi ticretsizdir ve hesap olusturmaniza gerek yoktur. Herhangi bir oturuma sifre
gerekmeden katilabilirsiniz. Toplant1 sifresi sifrelenecek ve katilimcilarin sifreyi girmeye
gerek kalmadan tek tiklamayla toplantiya katilmasma olanak saglamak igin davet
baglantisina eklenecek. Konusmacilarin sunum saatinden 10 dakika ©nce oturuma
baglanmasi gerekmektedir. Ttim kongre katilimcilari canli baglanarak tiim oturumlar:
dinleyebilir.

Teknik Bilgiler

¢ Bilgisayarinizda mikrofon olduguna ve ¢alistigina emin olun.

e Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz.

e Katilim belgeleri kongre sonunda tarafiniza PDF olarak gonderilecektir.

e Moderator - oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan
sorumludur.

e Zoom'a giris yapmadan once liitfen adiniz1 soyadinizi belirtiniz. Ornek: AD SOYAD

Communication

Iletisim
Principal Contact
E-mail: kongre@matsciman.com

Web page: https:/ /matsciman.com

https:/ /matsciman.com
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Moderating a Session

We appreciate all of the moderators' contributions to the conference. The moderators
are expected to assist us in the smooth functioning of the conference.
% Please keep in mind that each presenter has a total of 20 minutes. It's
important to have perfect timing.
% The moderator decides whether to take questions from the audience: at the
end of each presentation or at the end of the session.
% Please remind attendees to send their questions and comments to the Zoom
chat.
% Finally, if any of the presenters in your session does not participate and
present her/his paper, please notify us by sending an email to
kongre@matsciman.com.

Presentation Information

Each presentation has a total time limit of 20 minutes: 15 minutes for the

presentation + 5 minutes for questions & answers. The moderator has the authority

to rearrange the presentation order in the session. Please arrive at least 5 minutes
prior to the start of your session and turn on your camera during your presentation.
Please keep in mind that each presenter is required to remain for the duration of the

session.
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¢ Daniel Chuchala, Ph.D, Gdansk University of Technology Poland.

e Ekrem Oezkaya, Ph.D, Institute of Machining Technology, TU Dortmund, Germany.

e Eva Schmidova, Ph.D, University of Pardubice, Czech Republic.

o Fuat Kara, Ph.D, Diizce University, Tiirkiye.
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o *Listed alphabetical order by name

Science Committee
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¢ Engin Kocaman, PhD. Zonguldak Bulent Ecevit University, Turkey.

o Erkin Akdogan, PhD, Karamanoglu Mehmetbey University, Turkey.

e Grzegorz M. Krélczyk, PhD, Opole University of Technology, Poland.

¢ Jonut Cristian SCURTU, PhD. Eng., Naval Academy Constanta Romania
o Levent Urtekin, PhD, Kirsehir Ahi Evran University, Turkey.
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¢ Mahmoud Khedr, PhD, Benha University, Egypt.
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e *Listed alphabetical order by name
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From the President of the Conference,

Greetings to all participants,

It is a great pleasure for me to welcome you to the International Conference on
Materials Science and Manufacturing (ICMSM) 2023 Conference.

We hope that this conference will create a friendly occasion for all to share
perspectives and research findings from a wide variety of all engineering. We also
dearly value possible friendships and partnerships made and insights gained at the
conference and hope they will go beyond your participation in the conference,
leading to better understanding and appreciation of our profession from an
international stance.

With very best wishes,
Prof. Dr. Ugur KOKLU

President of ICMSM 2023
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Acilis Konusmasi

Degerli katillmcilar Uluslararast Malzeme Bilimi ve Imalat konferans baskan: olarak
sizleri en kalbi duygularimla selamliyorum ve konferansimiza hos geldiniz diyorum.
Degerli katilimcilar davetimizi dikkate alarak Uluslararast Malzeme Bilimi ve Imalat
Konferansina bildiri ile katihm sagladigmiz icin ¢ok tesekkiir ederiz. Uluslararasi
Malzeme Bilimi ve Imalat Konferanst cevrimici olarak gerceklestirilecektir.
Konferans, malzeme bilimi ve imalat alanindaki teknolojik gelismeleri ve arastirma
sonuclarmni sunmak ve paylasmak icin uluslararasi bir platform gorevi gorecektir.
Sanal ortamda dahi olsa sizleri agirlamaktan ve bilgi paylasimindan dolayr cok
mutlu oluyoruz. Umut ediyoruz ki sizlerle verimli ve unutulmaz bir konferans
yasayacagiz. Konferansta ABD den, Dr. Muhammad Pervej Jahan, Malaysia Dr. Ilyas,
Cin den Dr. Mahmoud Khedr, ve Romanya dan Dr. Ionut Cristian Scurtu davetli
konusmact olarak katiim saglayacaklar. Davetimizi kabul ettikleri icin bilim
insanlarma da ¢ok tesekkiir ederim. Konferansta toplam 27 bildiri sunulacaktir.
Turkiye, Amerika Birlesik Devletleri, Cin, Malezya, Romanya, Macaristan, italya,
Ispanya, Endonezya, Cek Cumhuriyeti ve irlanda’dan bilim insanlarimim yer aldig
bildiriler sunulacaktir. Konferansimizda hem endiistriden hem de akademik
camiadan bildiriler bulunmaktadir. Umut ediyorum ki arzulanan Universite ile
endistri bir araya gelerek cok basarili calismalar yapilacaktir. Konferansta 7 oturum

olacaktir. Bir sonraki konferansta goriismek temennisiyle

Konferansimiza katildiginiz icin tekrar tesekkiir ederim.

Saygilarimla
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Programme
Program
Hall 1 Friday, November 17, (17 Kasim, Cuma) 08:20 AM - 07:45 PM
Hall 2 Friday, November 17, (17 Kasim, Cuma) 09:00 AM -12:10 PM
Friday, November 17, 2023 Time zone in Turkey (UTC+3) 17 Kasim Cuma 2023

Meeting ID: 269 738 6033 Password: 2023
https:/ /us06web.zoom.us/j/2697386033?pwd=0CVVVN;ji]WfUks9zi58wzLVSLraRyo.1
Click to connect/baglanmak i¢in tiklaymiz

Opening speech/ Acilis konusmasi

08:00-08:15 AM ‘ Dr. Ugur Koklii, Conference Chairman

Session 1 Hall 1 (08:20-09:40 AM) Session Chair: Dr. Levent Urtekin

Nano Grafen Takviyeli Polipropilen Kompozit Malzemesinin Mekanik ve
08:20-08:40 AM | Termal Davranislarinin Incelenmesi
Omer Sengiil, Ferhat Caliskan, Kadir Yalgin

Cok Malzemeli Parcalarin Yapistirlma Isleminde Parca Doluluk Orani ve
08:40-09:00 AM | Malzeme Faktorlerinin Degerlendirilmesi
Irem Kurt Benli, Nergizhan Anag, Oguz Kogar, Furkan Parmaksiz

MIG/MAG Kaynaginda Koruyucu Kaynak Gazi Debisinin Kaynak
09:00-09:20 AM | Niifuziyetine Etkilerinin Analizi ve Incelenmesi
Anil Seker, Furkan Degirmencioglu, Mesut Karakus

Otomobil Depo Yakit Seviye Kapaginin Metalden Plastige Dontistimii ile
09:20-09:40 AM | Agirlik Azaltma Uygulamast Uzerine Bir Arastirma
Ugur Efe

09:40-10:00 AM Break

Session 1 Hall 1 (10:00-11:50 AM) Session Chair: Dr. Sezer Morkavuk

Keynote speaker

Dr. Ilyas R.A. Universiti Teknologi Malaysia, Malaysia.
Nanocellulose: Unlocking Its Potential from Bioresource to Material
Development and Varied Applications

10:00-10:30 AM

Project Cost Efficiency with Collated Carbon Reinforced (CORO)
Implementation for Concrete construction in PT Pertamina Patra Niaga
Regional Papua Maluku,

Much Arif Amrulloh, Sandi Mulya, Hasbi Fahada, Digby Febri A A

10:30-10:50 AM

Investigation of Cobalt Recovery from End of Life Li-lon Batteries

10:50-11:10 AM Sevde Rana Giinal, Mert Saragoglu, Utku Orcun Gezici, Servet Timur

Enrichment of PGMs From Waste Auto-catalytic Convertors: Lab-scale Arc
Furnace Design and Slag Optimization

Mert Saracoglu, Bora Ayvaz, Semih Karaman, Sevde Rana Giinal, Kerem
Can Dizdar, Utku Orcun Gezici, Servet Timur

11:10-11:30 AM

The Investigation of Mechanical Properties and Performance of Additively
Manufactured Stainless Steel Bolts

Burak Hizli, Sarper Dogan, M. Burak Toparli, Umut Ince, Paul Boreham,
Kyriakos Kourousis

11:30-11:50 AM

11:50 AM-02:00 PM Break
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Session 1 Hall 1 (02:00-03:20 PM) Session Chair: Dr. Fuat Kara

Diisiik Alasimli ve Yalin Karbonlu Celiklerin Mikroyap:r ve Mekanik
02:00-02:20 PM | Ozelliklerine Ostemperlerme Proseslerinin Etkisi
Serife Helvacioglu, Gokhan Saglam, Ayse Erkan, Ummihan T. Yilmaz

Sogutma Sistemlerinde Kullanilan Sivamali Tip Gozetleme Camlarmin
02:20-02:40 PM | Imalatinda Karsilasilan Problemlerin Coziimii ve Tasarim Optimizasyonu
Kasim Karatas, Emin Yigit Umur

Tel Alev Sprey, Yiiksek Hizl1 Oksi Yakit ve Toz Alev Sprey Teknikleri ile
Biriktirilen Molibden Kaplamalarin Mikroyapisal Karakterizasyonu Ve
Mekanik Ozellikleri

Cihan Ergun, Amir Motallabzadeh

02:40-03:00 PM

Armor Steel Ballistic Test Processes
03:00-03:20 PM Melek Altay, Ali Orhan

03:20-03:30 PM Break

Session 1 Hall 1 (03:30-05:20 PM) Session Chair: Dr. Murat Mayda

Keynote speaker

Dr. Mahmoud Khedr, Jiangsu University, Zhenjiang, China

The effect of friction stir drilling on the mechanical properties of 6082 Al-
alloy

03:30-04:00 PM

04:00-04:15 PM | Keynote speaker
Dr. Ionut Cristian Scurtu Naval Academy Mircea cel Batran, Romania.
Manufacturing and design of the offshore structure Froude scale model

04:20-04:40 PM | Synthesis, Biodegradation and Application of Biopolymers Derived from
Starch in the Treatment of Hard Water

Adridn Matencio, Edoardo Fioravanti, David Rupérez-Cebolla, Filomena
Silva, Danielle dalla Pria, and Francesco Trotta

04:40-05:00 PM | Development of Sustainable, Active and Intelligent Packaging Solutions
Utilizing Natural-Based Components
Katalin Halasz, Edit Erdési, Istvan Erdési, Tamds Dobronyi

05:00-05:20 PM | An Investigation of The Fatigue Life of WC- 26 Wt.% Co Material Used in
Cold Forging Dies
Burak Hizli, Kubra Ozturk, M. Burak Toparli, Umut Ince

05:20-06:00 PM Break

Session 1 Hall 1 (06:00-07:45 PM) Session Chair: Dr. Zahid Hamarat

Invited speaker

Dr. Muhammad Pervej Jahan, Miami University, United States
Sustainable post-processing of 3D printed CFRP composites - A
numerical and experimental study

06:00-06:45 PM

06:45-07:05PM | Investigation of the Effect of the Cutting Parameters on Surface
Roughness and Machining Accuracy of the Workpiece in the Milling
Operation of AL 7075-T6

Eymen Akdeniz, Mustafa Bozdemir

07:05-07:25 PM | Chemical foaming of compatibilized wollastonite filled polypropylene
composites
Mert Caliskan, Meral Akkoyun Kurtlu

07:25-07:45PM | Investigation of the New Sgns Type Wagon Design with Different
Loading Scenarios
Fatih Sarucan, Mustafa Ozyurt, Omer Faruk Erol
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Session 1 Hall 2 (09:00-10:20 AM) Session Chair: Dr. Mehmet Sahin ATAS
Influence of Chemical Etchings on Roughness, Degradation, and Ion
09:00-09:20 AM | Release of Niti Alloys
Yakup Say

09:20-09:40 AM

Farkli Metakrilat Monomerleri Iceren Maleik Anhidrit-Stiren Bazli
Terpolimerlerin Sentezi Karakterizasyonu ve Termomekanik Ozelliklerinin
Belirlenmesi
Ersen Yilmaz

09:40-10:00 AM

Precipitation of Erbium Molybdates from Molybdenum-Containing
Leaching Solution
Mehmet Kayra Karacahan

10:00-10:20 AM

3 Boyutlu Yaziciyla Uretilmis Plakalarin Stirttinme Karigtirma Kaynagt
Nergizhan Anag, Oguz Kogar, Emre Kanli, Cihan Altuok

10:20-10:30 AM Break

Session 1 Hall 2

(02:00-04:00 PM) Session Chair: Dr. Oguz Kocar

10:30-10:50 AM

Improvement of Seat Bracket Design Using Finite Element Analysis
Mert Liiye, Emre Sevenol, Ilayda Aldatmaz

10:50-11:10 AM

Mikrokapsiil Destekli Termokromik Gostergeli Bebek Ortiisti
Hiiner Aydin, Sule Bayram

11:10-11:30 AM

Savurma Dokiim Yontemi Kullanilarak Paslanma Siiresi Uzatilmis Vals
Silindir Uretiminin Gerceklestirilmesi
Mehmet Solmaz, Battal Yalim, Mehmet Bagc1

11:30-11:50 AM

Gofret Imalat Hatlarinda Kullanilan Gofret Tasima Makarasi
Kadir Bakirtas, Ugur Kokl

Post-Tiiketici Kaynakli Polietilen/ Thermoplastik Nisasta Karisimlarinin

11:50AM-12:10PM | Hazirlanmas: ve Karakterizasyon

Baris Oner, Tolga Gokkurt, Yasemen Gokkurt, Ayse Aytac
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Keynote and Invited speakers- Davetli Konusmacilar

Dr. Muhammad Prvej Jahan, Miami Dr. RA. Ilyas, Universiti Teknologi

University, United States Malaysia, Malaysia

The speech title: Sustainable post- The speech title:  Nanocellulose:
processing of 3D printed CFRP Unlocking Its Potential from Bioresource
composites - A numerical and to Material Development and Varied
experimental study Applications

Dr. Mahmoud Khedr, Jiangsu Dr. Ionut Cristian Scurtu Naval
University, Zhenjiang, China Academy Mircea cel Batran, Romania
The speech title: The effect of friction stir ~ The speech title: Manufacturing and
drilling on the mechanical properties of  design of the offshore structure Froude
6082 Al-alloy scale model
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SOGUTMA Si.STEMLERiNDE KULLANILAN SIVAMALI TiP GOZETLEME
CAMLARININ IMALATINDA KARSILASILAN PROBLEMLERIN COZUMU VE
TASARIM OPTIMIiZASYONU

Kasim KARATAS!, Emin Yigit UMUR?

!Ar-Ge Makina Miihendisi, E.C.A. Valf Sanayii A.S., kasimkaratas@valf.com.tr,
https://orcid.org/0000-0002-3520-3399
2 Ar-Ge Makina Miihendisi, E.C.A. Valf Sanayii A.S., eminyigitumur@valf.com.tr,
https://orcid.org/0009-0001-5000-5841

Ozet

Sogutucu sistem tesisatlarinda sistemdeki nem seviyesini gostermeye yarayan gozetleme
camlari, sistemin giivenligi i¢in olduk¢a 6nemli bir bilesendir. Disli ve bakir boru baglantili
olmak {izere farkl: tiplerde konstriiksiyonlara sahip gézetleme camlarinin 6zellikleri, sistemin
basing simifi ve baglanti tipi ihtiyaglarina gore degiskenlik gostermektedir. Kapakli tip
gbzetleme camlarinin nispeten daha az basing siniflarinda kullanilabilmesi ve iiretim
proseslerinin uzun siireler almasi sebebiyle sivamali tip gozetleme camlarinin kullanimi son
yillarda yayginlagmaktadir. Sogutucu akiskanlarin kiiresel 1sinmaya sebep olmasi sebebiyle
sogutma sektoriinde alternatif sogutucu akiskan arayiglari baglamistir. CO2 ve HC/HO sinifi
sogutucu akigkanlarin CFC akiskanlara alternatif olarak piyasaya siiriilmesi, sistem
kamyonetlerinin akiskan o6zelliklerine uygun bir sekilde tasarlanmasi ve revizyonunu
gerektirmistir. CO2 smifi akiskanlarin sogutucu akigkan olarak kullanilabilmesi i¢in yiiksek
basinglara kadar sikistirilmast gerektigi i¢in daha diisiik ¢alisma basinglarinda yiiksek verim
alimabilen HC/HO sogutucu akiskanlar tercih edilmektedir. HC/HO sogutucu akigkanlar,
cevreci Ozelliginin yaninda A2L ve A3 yanicilik smifina girmesi gibi dezavantajlara sahiptir.
Yanicilik 6zelligi bulunan bu akigkanlarin tesisattan sizintisint minimuma indirmek igin
standart kapsaminda izin verilen dis kacak sizdirmazlik miktar1 10 katina ¢ikarilmistir ve sinir
deger 5 x 10 mbar*It/s olarak belirlenmistir. S1zdirmazlikla ilgili hassasiyetin artmas1 yeni
iretim yontemleri ve yeni tasarimlarin olusturulmasi gibi ihtiyaglart dogurmustur. 60 bar
anma basincinda HC/HO sogutucu akiskanlar ile uyumlu calisabilecek sivamali gozetleme
camlarinin imalat siirecinde, eksantrik presteki sivama agsamasinda cam kirilmasi gibi sorunlar
ile karsilasilmistir. Sivama esnasinda cam kirilmalart ve istenilen sizdirmazlik smir
degerlerine ulagilamamas1 sebebiyle yeni gozetleme cami konstriiksiyonlarina ihtiyag
duyulmustur. Yeni tasarimda mevcut cam kirilmasi probleminin ortadan kaldirilmasiyla
helyum test cihazinda sizdirmazlik testleri yapilmistir. Hidrostatik yiiksek basing dayanim
testleri sonucunda camin yliksek basingta hareket etmesi sonucu kacak meydana gelmistir.
Tasarim optimizasyonu ve sivama aparatlariin gelistirilmesi sonucunda darbe kuvveti daha
homojen bir sekilde dagitilarak sorun ¢oziilmiistiir. Gelistirilen yeni tasarim ile yanici ve
patlayict akigkanlar ile uyumlu, giivenlik ve risk faktorlerinin goéz 6niinde bulunduruldugu
tasarim basariyla gerceklestirilmistir. Bu calisgmada, sivama isleminde karsilasilan
problemlerin ¢6ziimii i¢in sizdirmazlik eleman: ve sivama bolgesi kalinlik optimizasyonlari,
camin paslanmaz celik géomlek icerisine hapsedildigi tasarimin gelistirilmesi ve darbe sonucu
olusan deformasyonlarin ortadan kaldirilmasi gibi ¢caligmalar gosterilmistir. A2L ve A3 yanict
sogutucu akiskanlarin kullanildig1 sogutma tesisatlar1 i¢in gelistirilen yenilik¢i stvamali tip
gozetleme cami tasarimi, giivenlik katsayisinin artirilmasi ve sizdirmazlik performansinin
tyilestirilmesi gibi 6nemli sorunlara etkili ¢6ziimler sunmustur.

Anahtar kelimeler: Sogutma sistemi, gézetleme cami, eksantrik pres, hidrostatik basing testi,
darbe enerjisi
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Abstract

Sight glasses, which are used to show the humidity level in the system in refrigeration system
installations, are a very important component for the safety of the system. The features of
sight glasses with different types of construction, including threaded and copper pipe
soldering connections, vary according to the pressure class and connection type needs of the
system. The use of plastered type sight glasses has become widespread in recent years
because sight glasses can be used in relatively lower pressure classes and the production
processes take a long time. Since refrigerants cause global warming, the search for alternative
refrigerants has begun in the cooling industry. The introduction of CO2 and HC/HO class
refrigerants as alternatives to CFC refrigerants requires the design and revision of system
valves in accordance with the fluid properties. Since CO2-class refrigerants must be
compressed to high pressures in order to be used as refrigerants, HC/HO refrigerants, which
can achieve high efficiency at lower operating pressures, are preferred. HC/HO refrigerants,
in addition to their environmentally friendly features, have disadvantages, such as being in the
A2L and A3 flammability classes. In order to minimize the leakage of these flammable fluids
from the installation, the amount of external leakage sealing allowed within the scope of the
standard has been increased by 10 times, and the limit value has been determined as 5 x 10-6
mbar*lt/s. Increasing sensitivity regarding sealing has led to the need for new production
methods and the creation of new designs. During the manufacturing process of plastered sight
glasses that can work with HC/HO refrigerants at 60 bar nominal pressure, problems such as
glass breakage were encountered during the plastering stage in the eccentric press. New sight
glass constructions were needed due to glass breakage during plastering and the inability to
reach the desired sealing limit values. By eliminating the existing glass breakage problem in
the new design, leakage tests were carried out on the helium test device. As a result of
hydrostatic high pressure resistance tests, a leak occurred as a result of the glass group
moving at high pressure. As a result of design optimization and the development of plastering
apparatus, the problem was solved by distributing the impact force more homogeneously. The
newly developed design, which is compatible with flammable and explosive fluids and takes
into account safety and risk factors, has been successfully achieved. In this study, studies such
as sealing element and plastering zone thickness optimizations, the development of the design
in which the glass is confined within the stainless-steel sleeve, and elimination of
deformations resulting from impact are shown to solve the problems encountered in the
plastering process. The innovative plastered-type sight glass design developed for cooling
installations where A2L and A3 flammable refrigerants are used has provided effective
solutions to important problems such as increasing the safety coefficient and improving the
sealing performance.

Keywords: Refrigeration system, sight glass, eccentric press, hydrostatic pressure test, impact
energy

1. Giris

Gozetleme camlari, sogutma sistemlerinde nem indikatorii olarak kritik bir rol oynamaktadir.
Sogutma sistemlerinde kullanilan 6nemli bir aragtir ve genellikle sogutucu akiskan i¢indeki
nem miktarin1 veya yagin doniis hattindaki miktarin1 belirlemek i¢in tasarlanmistir. Bu 6zel
camlar, icerdikleri 6zel indikatorler sayesinde sogutucu akigkanin nem seviyesine veya yag
icerigine tepki verirler, bu da renk degisiklikleriyle gézlemlenebilir. Bu renk degisiklikleri,
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sistemdeki nemin veya yagin diizeyi hakkinda gorsel bir geri bildirim saglar, bu da sistem
performansini izlemeyi ve gerekirse diizeltici onlemleri almayr miimkiin kilar. Gozetleme
camlari, operatorlere sogutma sistemlerinin sagligint gorsel olarak degerlendirme ve bakim
ihtiyaglarin1 belirleme konusunda 6nemli bir ara¢ sunar. Farkli tasarimlar ile karsimiza ¢ikan
bu bilesenlerdeki temel ve en onemli bilesen indikator kagittir. Nemi algilamasiyla renk
degistiren bu kagit sayesinde sogutma sistemindeki nem kolaylikla saptanabilir ve
kompresore nem ve s1vi akigskan gitmesi gibi olasi risklerde bize kolaylik saglamaktadir. Sekil
1’de gozetleme caminin sogutma sistemindeki kullanim yeri gosterilmistir.

Ekspansion Valf
( Genlegme Valfi )

Termostat

0,
g |
J’» Yag Seviye -
A Regilaterd | & o Emis Akimilatori
~ ( Likit Tutucu )
& Al;ak Basing
Yag Fark Basw; Prosestad:

Presostadi

Sekil 1. Sogutma ¢evrimi

Kiiresel 1sinmanin artmasiyla birlikte ¢evreci sogutucu akiskanlarin kullanimi artmaktadir.
Avrupa Birligi iilkeleri basta olmak iizere sogutucu akiskanlarin ozon tabakasina ve kiiresel
isinmaya olan zararlarinin azaltilmasi i¢in yeni nesil akigkanlar tercih edilir duruma
gelmektedir. Yeni nesil c¢evreci akigkanlar tehlike siifi olarak bir {ist sinifta
bulunabilmektedirler. Bu {ist tehlike sinifinin gerekliliklerini saglayabilecek sogutucu sistem
iirlinleri imal etmek projenin asil amaclarindandir. Firmamizda hail hazirda iki farkli akiskan
gruplarinda (birisi CFC serisi: CFC, HFC veya HCFC birisi CO2 olmak iizere) sogutucu
sistem {trtinleri imal etmektedir. Artan kiiresel 1sinma ve ¢evreci yaklagimlar sonucu zararl ve
verimi diislik sogutucu akiskanlarin yerini HC/HO siifi gazlarin aldig1 ve ¢evreci gazlarin
kullaniminin 1s1itma, sogutma sektorlerinde yayginlastigi gériilmiistiir [1].

HC/HO serisi akigkanlarin yanict olmalart sistem emniyetinin arttirilmasi konusunda énemli
etkendir. Yeni nesil akigkanlarin kacak miktarlarinin daha az olmasi gerekliligi ve giivenlik
faktorlerindeki artiglar bu sistemlerin kurulmasindaki en biiyiik ihtiyaglar sistemde kullanilan
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akiskanlar, giivenlik ve ¢evresel etkiler agcisindan ASHRAE 34 Standardi tarafindan belirlenen
siniflandirmalara tabi tutulmaktadir. Bu siniflandirmalardan biri A2L smifidir, ki bu smf
disiik yanabilirlik ozelliklerine sahip akiskanlar1 kapsar. A2L smifindaki akiskanlar
atmosferde diigiik yaniciliga sahiptir ve ayn1 zamanda diisiik toksiklik gosterirler, bu da insan
sagligina zarar verme riskini minimize eder. Diger bir smif ise A3 smifidir ve bu smif diistik
alevlenme ve yanma Ozelliklerine sahip olmasina ragmen yiiksek toksiklik gdsteren
akiskanlar1 igerir. Bu smiftaki akiskanlar, endiistriyel uygulamalarda kullanilirken 6zellikle
dikkatli bir sekilde kontrol edilmelidir. Siniflandirmalar, sogutma sistemlerinin tasarimi ve
kullannm1 sirasinda giivenlik standartlarin1 belirleme ve cevresel etkileri degerlendirme
amactyla endiistri profesyonellerine rehberlik etmektedir [2]. Gozetleme camlarindaki yiiksek
sizdirmazlik hassasiyeti nedeniyle, disli kapak baglantili modeller yerine sivamali tip
gozetleme camlart tercih edilmektedir. Bu modeller, 6zel sizdirmazlik malzemeleri ve
giiclendirilmis yapisiyla daha etkili sizdirmazlik saglar. Sivama yontemi, govdeyi sikica
sararak cevresel etmenlere karsi dayanikliligi artirir. Endiistriyel uygulamalarda yaygin olarak
kullanilan bu modeller hem sizdirmazlik hassasiyetini hem de yiiksek mukavemet
gereksinimlerini karsilar. Yiiksek basing altinda calisan sogutma sistemlerinde kullanilan
gbzetleme camlarindaki sivama yapilan bolgelerde deformasyon olasiligi goz oniine alinarak
mukavemet hesaplar1 gergeklestirilmektedir. Genellikle soguk sekillendirme ile eksantrik pres
araciligtyla uygulanan ani sok darbe, cam govde {lizerine sabitlenerek iirlin iizerinde
deformasyon yasanmamasi i¢in darbe testlerine tabi tutulmaktadir. Bu 06zel tasarim,
geleneksel uygulamalardan farkli olarak, gdzetleme camlarindaki anma basinglarinin giivenlik
katsayisini onemli Ol¢lide artirmaktadir ve dis kacak sizdirmazlik oranlarini 10 katina
cikartarak 5x10° mbar It/s kagak siir degeri mertebesinde olmalidir. Ustelik, atmosfere zarar
vermeyen bu gaz siifinin kullanim arttik¢a, yanicilik riski de yiikselmektedir. Ancak, hassas
toleranslarda yapilan sizdirmazlik 6nlemleriyle bu riski ortadan kaldirmaya yonelik adimlar
atilmistir [3].

Soguk sekillendirme ve presle soguk dovme, metal isleme endiistrisinde 6nemli bir yer tutan,
malzeme Ozelliklerini iyilestiren ve karmagsik sekiller elde etmeyi saglayan kritik imalat
yontemleridir. Bu siiregler, metal parcalarin dayanikliligini, yiizey kalitesini ve mukavemetini
artirarak ¢esitli endiistriyel uygulamalarda genis bir kullanim alani bulmaktadir. Ozellikle,
stvama ile kapatilan piring govdeli gozetleme camlari iiretiminde soguk preste sivama islemi,
metalin 6zel bir sekillendirme yontemi olarak one ¢ikar. Bu islem, piring govdeye hassas bir
sekilde uygulanan soguk presleme ile sivama tekniklerini birlestirerek hem dayanikliligi hem
de sizdirmazlik 6zelliklerini optimize eder. Bu sayede, endiistriyel uygulamalarda kullanilan
gozetleme camlar1 hem estetik hem de fonksiyonel acidan iist diizey performans sunar [4].
Piring, kullanim amacina bagl olarak bakir, ¢inko ve kursun gibi diger metalleri igeren bir
alasim grubudur. Bu metal, yiliksek korozyon direnci, islenebilirlik kolayligi ve estetik
goriiniimii ile metal sektoriinde 6nemli bir yer tutar. Piring, 6zellikle bakir ve ¢inko oranlarina
bagli olarak farkli renklere sahiptir. Ornegin, bakir oran1 %20-38 arasinda ise sar1, %15 altin
rengini, %10 ¢inko ilavesi bronz rengini ortaya ¢ikarir. Cinko miktar1 %45'i astifinda ise
alasimin rengi glimiisi beyaza doniisiir ve ayn1 zamanda kirilgan bir yap1 sergiler. Piring,
cekme mukavemeti acgisindan bakira gore %55'e kadar daha yiiksek bir performans
sergilerken, stineklik bakirda %70'e kadar gozlemlenir [5].

Mukavemet hesaplamalarinda genellikle bir noktada sadece tek bir gerilme tiirii iizerinde
yogunlasilmaktadir. Eksenel yiiklenme ve egilme durumlarinda sadece ox gerilmesi ele
alinirdi ve Gemniyet ile karsilastirilir. Burulma ve kesme yiiklemelerinde ise sadece Txy gerilmesi
gbdz online almirdi ve tem ile karsilagtirilirdi. Ancak, ayni anda bir noktada birden fazla
gerilme tiirliniin (ox, Txy, oy vb.) etkili oldugu durumlar i¢in hangi gerilme tiiriinii sem veya
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tem ile kiyaslayacagimizi belirlemek i¢in birkac kriter bulunmaktadir. Akma kriterleri, stinek
malzemelerde akma olup olmadigini kontrol etmemize izin verirken; kirilma kriterleri, gevrek
malzemelerde kirilma olup olmadigin1 degerlendirmemize yardimci olur. Bu ¢oklu kriterler,
malzemenin davranisini daha ayrintili bir sekilde analiz etme imkani sunmaktadir. Piring
stinek bir malzeme oldugu i¢in akma kriterleri dikkate alinmaktadir.

Plastik sekil degistirme islemleri, temel olarak kiitle bicimlendirme ve sac sekillendirme
olmak tizere iki ana kategoriye ayrilir. Kiitle bicimlendirmede, is parcasi genellikle tiim
dogrultularda biiyiik sekil degisiklikleri ile kesit degisiklikleri olusturur. Ote yandan, sac
sekillendirme islemlerinde genellikle i¢i bos pargalarin tiretimi s6z konusudur ve burada
gerekli gerilme ve kuvvet degerleri oldukga yiiksektir. Kiitle bicimlendirme islemleri, ¢ok
eksenli basma ytikleri ile tanimlanirken, sac sekillendirme islemlerinde karsilagilan kuvvetler
genellikle yiiksektir. Plastik sekil degistirme, sicak, 1lik ve soguk sekillendirme yontemleriyle
gerceklestirilebilir ve gerilmeler 50-2500 MPa arasinda degisebilir. Kiitle bigimlendirme
islemleri genellikle biiylik kuvvetler gerektirir, bu nedenle kullanilan takimlar genellikle
biiytik, agir ve maliyetlidir. Metal bigimlendirme kaliplarinin {iretimi i¢in iyi donanimli bir
atolye ve yiiksek kalifiye elemanlar gereklidir, ¢iinkii tolerans aralig1 oldukca dar bir sekilde
belirlenmistir [6]. Bu c¢alismada basma tiiri sekillendirme tiirlerinden sivama ile govde
deforme edilmistir. Bu yontemde, malzeme hacmi ve kiitlesi sabit kalirken, yalnizca sekil
degistirir. Yiiksek sicakliklarda uygulandiginda, malzemenin birincil katilasma sirasinda
olusan bosluklar ve gbézenekler kapanir, yeniden kristallesme sonucunda ince taneli, homojen
bir i¢ yapt elde edilir. Bu iyilesmeler, sivama bolgesindeki mekanik oOzelliklerde (akma
dayanimi, ¢cekme dayanimi, yorulma dayanimi, darbe dayanimi, kirilma toklugu, stineklik vb.)
onemli artiglara neden olur. Plastik bi¢gimlendirme soguk olarak uygulandiginda, peklesmeden
faydalanarak malzemenin dayanimi arttirilabilir. Ayrica, plastik sekillendirme yontemleriyle
dar toleransh hassas pargalar tretilebilir; 6zellikle soguk sekillendirmeyle yiiksek kaliteli
yiizeyler elde edilebilir. Ancak, tezgdh ve takim maliyetlerinin yiiksek olmasi nedeniyle,
yontem genellikle seri liretim 1¢in ekonomik bir tercih olmaktadir.

Malzemenin sekillendirme davranisinin = sekillendirme hizina bagli olarak degistigi
gorilmektedir. Siinek halden gevrege gecis ve sertlesme, Ozellikle hizli sekillendirme
islemlerinde daha belirgin bir hal alir. Bu davranig, malzemenin i¢inde bulundugu sicaklik
kosullarma da baghdir. Ornegin; demir ve celik, oda sicakliginin altinda hizli bir sekilde
cekiclenirse catlamaya egilimlidir. Ancak ayni sicaklikta daha yavas bir sekil degisimi
sirasinda catlamalar gozlemlenmez. Sekil degistirme hizi arttikca, malzemenin sekil
degistirme kabiliyetinde bir azalma meydana gelir. Yiiksek hizda yapilan ani sok darbesiyle
dovme islemi sirasinda, malzemenin sertlesme egilimi gostermesinin nedeni, kisa siirede
biiyiik bir kuvvet etkisiyle sekillendirilmesi ve bu siirecte kristal yapida diizenin bozulmasi,
tane boyutlarinin kiiciilmesi ve sonug olarak malzemenin sertlesmesidir. Pres hizinin ¢arpilma
enerjisi lizerindeki etkisi, malzemenin ¢ekme mukavemetini ve sertligini artirabilir, ancak ¢ok
yiksek hizlarda g¢atlaklara neden olabilecek asir1 kuvvet etkisi yaratabilir. Bu nedenle, dovme
islemlerinde ideal bir pres hizinin belirlenmesi, malzemenin 6zellikleri ve islemin amaglarina
bagl olarak dengelenmelidir [7].

Bu c¢alisma kapsaminda eksantrik pres kullanilarak goézetleme camlarinin sivama (ezme
islemleri) gerceklestirilmistir. 40 ton kapasiteye sahip eksantrik preste yapilan denemelerde
farkli numuneler iizerinde en iyi sivama yontemi se¢ilmistir. Calisma stlirecinde presteki
stvama islemlerinde camda kirilmalar, bakir boru baglantili modellerde boru yamulmalari ve
piring govdede carpilmalar meydana gelmistir. Eksantrik preste kocun darbe enerjisini
ayarlamak i¢in kuvvetin biiylikligi ile ilgili arastirma yapilarak PTC CREO yapisal analiz
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programinda da simiilasyonu yapilmistir. Govdelerdeki ezilme probleminin ¢6zimii i¢in
darbe enerjisini dagitict malafa ve kalip kullanilmigtir. Stvama iglemi sonrasinda E.C.A Valf
Sanayii A.S. biinyesinde yer alan Helyum sizdirmazlik test cihazi ve Patlatma test cihazlar ile
mamuller test edilerek basariyla kontrol edilmistir.

2. Malzeme ve Yontem

Gozetleme camlarinin temel bileseni olan piring govde disindaki elemanlar1 siralarsak, neme
duyarl hassas indikator kagit, akiskanin dis ortamdan kolaylikla izlenebilmesi i¢in kullanilan
saydam cam ve sizdirmazlik i¢in kullanilan conta veya o-ringler bulunmaktadir. Bu ¢alisma
kapsaminda camin piring govde igerisindeki muhafaza edilmesi ic¢in iistten sivamasi
yapilmistir. Camin yiiksek basingta govdeden firlamasini engellemek i¢in cam govde igerisine
yerlestirilerek sizdirmazlik elemanlari veya koruyucu elemanlar ile desteklenir. Govdeye
montaji yapilan cam grubu, govdenin en iist tarafindan sivanarak kapatilmaktadir. Sogutma
sistemlerinde kullanilan gozetleme caminin kesit goriintiisii ve sivama sonraki goriiniimii
Sekil 2.’de gosterilmistir. Sivama iglemlerinin yapilasi esnasinda sivama bolgesi kalinliklar
ve stvama agilar1 optimize edilerek en dayanimli sivamanin yapildigi tasarim belirlenmistir.

1.Tasarmm \ Sivanmis Model /

G6vde

Sizdirmazlik ~~___
Elemani

Sekil 2. Sivama 6ncesi ve sonrast gériiniim

Tasarim c¢aligmalarinin ardindan eksantrik preste sivama islemi yapilacak olan pargalardaki
fazlaca goriilen yamulma ve deformasyonlar incelenmis olup uygulanan kuvvet PTC CREO
yapisal analiz modiiliinde simiile edilmistir. Sivama islemi once yapilan yapisal analizin
asamalar1 Sekil 4.’te verilmistir. 40 ton kapasiteli eksantrik presteki yiikiin valf gévdesinde
meydana getirecegi deformasyonun 6ngoriilmesi i¢in analiz programlar1 fayda saglamaktadir.
Mekanik preslerdeki kuvvet, is ve enerji doniistimleri incelendiginde kocun sivama
esnasindaki darbe enerjisi malzeme {izerinde plastik deformasyon gerceklestirerek akmasini
saglamaktadir. Carpilmanin olmamasi ve enerji yayiliminin diizenli olmasi igin preste
vurulacak olan kuvvet Oncesinde iyi analiz edilmelidir. Altta kuvvet ve strok mesafenin
yapilan ige olan etkisi gosterilmektedir. Denklemde parga {izerinde yapilan is (W), darbe
kuvveti (F) ve strok mesafesi (x) ile gosterilmistir [7].

W=F*X (1)

Presle yapilan doévme islemleri, malzemelerin sekil degistirmesi ve 0Ozelliklerinin
gelistirilmesinde etkilidir. Bu siiregte, presin ¢eki¢ kismi belirli bir agirliga sahiptir ve yukari
kaldirilarak potansiyel enerji depolar. Depolanan enerji, darbe aninda kaliba iletilir ve
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malzemenin seklini degistirir. Ancak, bu siirecte kuvvet, mesafe ve is arasindaki denge
onemlidir. Kuvvetin siddeti, deformasyonu olusturan yer-degistirme miktarina baghdir. Yer-
degistirme cok kiiclikse, kuvvet aniden artabilir ve presi zarar verebilir. Aksine, yer-
degistirme ¢ok biiyiikse, potansiyel enerji yetersiz kalabilir ve dovme islemi basarisiz olabilir.
Bu nedenle, presle yapilan dovme islemlerinde malzeme 6zellikleri, kuvvet uygulamasi ve
enerji transferi dikkatlice dengelemelidir. Bu denge, malzemenin istenen 6zelliklere sahip
olmasini saglarken presin giivenli ve etkili bir sekilde ¢alismasini temin eder [7].

A

strak
s[m]

—
ket F[I)

Sekil 3. Strok mesafesi ile darbe kuvveti arasindaki iligki

Sekil 4. Yapisal analiz hazirlik agamalari a.) Smir degerlerin olusturulmasi, b.) Kuvvetin
uygulanmasi, c.) Dis baglantili model, d.) dis baglantili gévdenin sinir sartlari, e.) Mesh ag
oruntusu

Sekil 4.a, Sekil 4.c’de malzemenin yer degistirme ve donme girdileri programa X, y ve z
eksenlerinde de sifir kabul edilerek sabitlenmistir. Parca preste kalip icerisine yerlestirilecegi
icin gelen darbe enerjisi direkt olarak kullanilan malafa ve kaliba aktarilacaktir. Sekil 4.d’de
kuvvetin uygulanmasi agamasinda 10 mm strok mesafesinde yapilacak olan stvama islemi i¢in
5 ton kuvvetten 40 ton kuvvete kadar degisken kuvvetlerde yapisal analiz yapilmistir. Analiz
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oncesinde programa girilen degerler alttaki gibidir. Tablo 1’de Isil isleCuZn40Pb2 Piring
malzeme i¢in mekanik 6zellikler verilmistir.

Tablo 1 Piring Malzeme Mekanik Ozellikleri

Yogunluk 8,43 [g/cm3]
Termal iletkenlik 114 [W/(m.K)]
Termal Genlesme Katsayis1 (0 — 300 °C) 20,8 [10° /K]
Modulus of Elasticity 97 [GPa]
Cekme Dayanimi 430[MPa]
Akma Dayanimi 220 [MPa]
Sertlik 90 [HB)

Govdenin eksantrik preste doviilmesi i¢in gereken kalibin tasarimi yapilarak sivama agilari
PTC Creo programinda 3D modellenerek belirlenmistir. Yapilan ¢alismalar sonucu 60° ‘lik bir
stvama agist secilerek govde iizerinde kalipla ortiisecek bir yiizey olusturulmustur. Sivama
strasinda camin kirilmasi problemini ortaya ¢ikmis ve bakir boru baglantili modellerde malafa
ile i¢ destek olusturulmustur. Sivama esnasinda presten govdeye iletilen darbe enerjisinin
govde lizerinde homojen yayilmasi i¢in govdenin dizayniyla es bosluklu kalip yapilarak
carpilmalarin Oniine ge¢ilmistir. Sekil 5’te sivama kalibi ve sivama pozisyonlarinin
belirlenmesi gosterilmektedir.

Sekil 5. Sivama kalib1 ve sivama pozisyonlarinin belirlenmesi asamasi
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3. Sonuclar ve Tartisma

\Von-Mises akma kriteri, malzeme miihendisligi ve yapisal analizlerde kullanilan bir teoridir.
Bu kriter, bir malzemenin plastik deformasyon (kalic1 deformasyon) baslangicin1 belirlemek
icin kullanilir ve genellikle gerilme durumlarin1 degerlendirmek amaciyla kullanilir. Esdeger
gerilme veya maksimum c¢arpilma enerjisi kriteri olarak da bilinen Von-Mises Kriteri, bir
malzemenin plastik deformasyona ugramasi i¢in gerekli olan esdeger gerilmeyi belirler. Bu
kriter, malzemenin gerilme durumlarini tek bir esdeger gerilme degeri ile temsil etmeye
caligir. Von-Mises kriterine gore, bir malzeme plastik deformasyona ugradiginda, esdeger
gerilme degeri belirli bir sinir degeri agmalidir [8]. Matematiksel olarak belirtmek Sekil 6’da
gosterilmektedir.

J

Vo v.

Normal ve Kesme

i T , 1 2 2 - 2 2 2
gerilmeleri cinsinden Oes = Oym = N (Uy - az) + (0 —07)* + (0'.1' = ay) + Ty + Taz + Ty
esdeger gerilme:

Asal gerilmeler cinsinden esdeger gerilme: Ops = 0y = \/% (g, — 03)% + (01 — 03)% + (07 — 02)?]

Sekil 6. Von-Mises Akma Kriterine gore gerilme denklemleri

Yapilan yapisal analizler sonucunda Von-mises maksimum akma gerilmeleri incelenmis olup
akma gerilemelrinin en fazla camin ilizerindeki sivama bolgelerinde ve govde alt tarafinda
oldugu goriilmiistiir. Carpilmalarin oniline gegmek icin 10 ton ile sivama yapilmasinin
analizler sonucunda yeterli olacagi kararlastirilmistir. Sekil 7°de analiz sonuglar1 farkli
yiiklere gore gosterilmis olup [MPa] cinsinden gerilmeler de verilmistir.
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P 4 -

e . o

TS 1 0osE+04 0 oW 5 475E+03
| (o] 20

6.95039

0,000
0,000

0.02064

Sekil 7. Analiz sonuglari

Sivama islemine gecildiginde pres tezgdhinda yapilabilmesi i¢in Sekil 8 ve Sekil 9°da
gosterildigi gibi sivama islemi yapilmis olup camin tamamen kapandigi gortilmiistiir. Camin
tamamen kapanmadig1 boliimlerde 2-3 tekrar yaparak ¢aligma tamamlanmustir.

Sekil 8. Stvama yapilan {iriin
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Sivanmigs Numune

Sekil 9. Sivama iglemi Ve iiriin fotograflari
4. Sonug, Tartisma ve Oneriler

Titiz analizler ve deneysel c¢alismalarin sonuglariyla, sivama proseslerimiz basariyla
tamamlanmig ve Helyum test cihazinda gergeklestirilen testler sonucunda iiriin, 5x107(-6)
mbar It/s sizdirmazlik sinir degerinin altinda kusursuz bir sizdirmazlik saglamistir. Nominal
basinci 45 bar olan iiriin i¢in yapilan hidrostatik testler, 452 bar basinca kadar dayanikliligini
gostermis ve iriin, 10 kat emniyetli bir seviyede iiretilmistir. Bu siiregte yapilan analiz
caligmalar1 sayesinde kuvvet optimal bir sekilde optimize edilmis ve uygun sivama enerjisi
belirlenmistir. Elde edilen bu sonuglar, yiiksek kaliteli bir iriiniin basariyla tretildigini ve
belirlenen standartlarin tizerinde performans sergilendigini gostermektedir.

Yapilan analiz ve deneysel c¢alismalar arasindaki uyum, modern miihendislikte sonlu
elemanlar yonteminin Kritik 6nemini vurgulamaktadir. Analizler, gercek diinya kosullarinda
deneyimlenen gerilmeleri bilgisayar ortaminda simiile etme avantajin1 saglar. Bu durum,
deneme yanilma yontemlerinin yerine gegerek hem maliyetleri diisiirir hem de zaman
tasarrufu saglar. Sonlu elemanlar yontemi, karmasik yapilarin davraniglarint modellemede ve
tasarim siireglerini optimize etmede oldukga etkili bir aragtir. Analizler, bilgisayar ortaminda
gergeklestirildiginden, gergek deneylerde goriilebilecek maliyetli hatalarin Oniine geger.
Gelismis simiilasyon teknikleri sayesinde, malzeme 6zellikleri, geometrik yapis1 ve uygulanan
kuvvetlerin etkilesimleri ¢ok daha hassas bir sekilde incelenebilir. Bu da iriin veya yapi
tasarimmin daha giivenilir ve dayanikli olmasini saglar. Sonlu elemanlar yontemi ayni
zamanda numune israfini da onler. Farkli malzemelerin ve tasarim segeneklerinin sanal
ortamda test edilmesi, gereksiz fiziksel numunelerin iiretilmesini engeller. Bu da hem ¢evre
dostu bir yaklagimi1 destekler hem de maliyetleri azaltir. Sonug olarak, analiz ve deneysel
sonuglar arasindaki uyum, miihendislik projelerinin basarili bir sekilde yonetilebilmesi igin
onemlidir. Sonlu elemanlar yontemi, bu uyumu saglayarak, tasarim siireglerini daha etkili,
ekonomik ve gevre dostu hale getirir.
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Ozet

Celikler, yillar icerisinde otomotiv, ucak ve diger miihendislik uygulamalarinda ¢ok islevli
olmas1 ve uyarlanabilirligi ile yer almislardir. Makine bilesenlerinin yiiksek performans ve
agir calisma ortamlarina yonelik taleplerden dolay1 ¢elik bilesenlerde yiiksek mukavemet,
yeterli tokluk ve asmma direnci gibi 6zellikler aranmaktadir. Bu taleplere cevap vermek
adina, mekanik 6zelliklerinin tyilestirilmesi i¢in ¢esitli calismalar yapilmaktadir. Su verilmis
ve temperlenmis farkli yapisal uygulamalarda kullanilan ¢eliklerin dayanimlart diistktiir.
Celiklerde beynit martenzit c¢ift fazli mikroyapimin gelistirilmesi ile daha 1yi1
kombinasyonlarda mekanik &zellikler elde edilebilmektedir. Izotermal — déniisiim
(0stemperleme), beynit-martensit mikroyapisint elde etmek icin en yaygin kullanilan
yontemdir. Ostemperleme ekstra temperleme basamagi igermedigi i¢in zaman ve enerji
tasarrufu ile 6ne ¢ikmaktadir. Bu ¢alismada, diisiik alasimli AIST 4140 ¢eligi ve yalin karbon
celigine (AISI 1040) Ms altinda ostemperleme 1s1] islem prosesi uygulanmistir. Elde edilen
mikroyapilar ve mekanik 6zellikler incelenmistir. Sonuglar geleneksel Ms {istii dstemperleme
islemi sonuglan ile karsilastirildi. Her bir ¢elik i¢in, Ms alt1 ve Ms iistii Ostemperleme
islemleri (sonuncusu geleneksel bir beynitik doniistiirme islemidir) incelenmistir. Martenzit,
beynit ve kalinti Ostenitin farkli hacim miktarlarina sahip mikro yapilar1 elde edilmis ve
bunlarin faz igerikleri ile mekanik 6zellikleri arasindaki iliski arastirilmistur.

Anahtar Kelimeler: Beynit, Martenzit, Ostemperleme, Diisiik Alasimli Celik, Yalin Karbon
Celigi
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Abstract

Steels have been used in automotive, aircraft and other engineering applications over the
years due to their multifunctionality and adaptability. Due to the demands for high
performance and heavy working environments of machine components, features such as high
strength, sufficient toughness and wear resistance are sought in steel components. In order to
respond to these demands, various studies are being carried out to improve mechanical
properties. The quenched and tempered steels used in different structural applications have
low strength. By developing the bainite-martensite dual-phase microstructure in steels,
mechanical properties can be obtained in better combinations. Isothermal transformation
(austempering) is the most commonly used method to obtain the bainite-martensite
microstructure. Austempering stands out with its time and energy savings as it does not
include any extra tempering steps. In this study, austempering heat treatment process under
Ms was applied to low alloy AISI 4140 steel and plain carbon steel (AISI 1040). The obtained
microstructures and mechanical properties were examined. The results were compared with
the traditional Ms-above austempering process. Below Ms and above Ms austempering
processes (the last one being a traditional bainitic transformation process) were examined for
each steel. Microstructures of martensite, bainite and residual austenite with different volume
amounts were obtained and the relationship between their phase contents and mechanical
properties was investigated.

Keywords: Bainite, Martensite, Austempering, Low Alloy Steel, Plain Carbon Steel

1. Giris

Celik, diisiik maliyeti ve alasim ilavesi, mekanik calisma veya mikro yapi manipiilasyonu
yoluyla ¢ok cesitli mekanik oOzellikler elde etme olasiligi nedeniyle genellikle yapisal
uygulamalarin gogunda kullamlir. Ornegin geliklerde martensitik yapimin gelistirilmesi, tokluk
ve siinekligin aksine yiiksek gerilme mukavemeti ve sertlik saglar [1].

Celikler, yillar igerisinde otomotiv, u¢ak ve diger miihendislik uygulamalarinda ¢ok islevli
olmasi1 ve uyarlanabilirligi ile yer almislardir [1]. Makine bilesenlerinin yiiksek performans ve
agir caligma ortamlarina yonelik taleplerden dolay1 ¢elik bilesenlerde yiiksek mukavemet, iyi
tokluk ve asinma direnci gibi Ozellikler aranmaktadir. Bu taleplere cevap vermek adina,
mekanik 6zelliklerinin 1yilestirilmesi igin ¢esitli ¢alismalar yapilmaktadir. Bu ¢aligmalar
alagimli ¢elikler lizerinde yogunlagsmustir [2]. Son yillarda, diisiik alasimli ¢elikler havacilikta
kritik yapisal hava araglar1 ve kat1 yakitl roket uygulamalar1 i¢in su verilmis ve tavlanmis
haliyle kullanilmaktadir. Fakat bu g¢eliklerin zayif silinekliklerinden dolayr mekanik
uygulamalarda yerleri sinirlidir.

Celiklerin 6stemperlenmesi 1s1l islemi incelendiginde parcanin mekanik 6zellikleri artirilirken,
stineklikten 6diin verilmez. Celik Ostemperlenmesi sayesinde parcalarin akma dayanimi,
tokluk, asinma dayanimi, darbe dayanimi ve sertlik dzelliklerinde gelisme elde edilir. Ustiin
ozellikleriyle celigin Ostemperlenmesi, genis bir endiistriyel uygulama yelpazesine sahiptir.
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Geleneksel su verme ve temperleme 1s1l islemi ile kiyaslandiginda bazi 6nemli avantajlari
sayesinde su verme ve temperleme isleminin yerine gegebilir. Bu avantajlar, parganin sertlik
ozelligini arttirmasi, malzemenin siinekligi ve darbe dayanimini gelistirmesi, kirilganlagsmaya
kars1 direncini artirmasi, aginma direncini artirmast ve 1sil iglem siiresinde parg¢ada olusabilen
catlak ve distorsiyonlar1 azaltmasidir [3]. Bunun yaninda diger 1sil islemlerin aksine
Ostemperleme sonrasi tavlama iglemi zorunlu goriilmez. Ciinkii bu islemde parcaya verilmek
istenen sertlik, 1s1itma sonrasi uygulanan tuz banyosu beklemesinin sogutma sicakligindan elde
edilir. Diger 1s1l islem tilirlerinde temperleme islemi beklenir, ¢linkii pargalar beklenenden
yiiksek sertlikte ¢ikar ve yumusatma ihtiyaci duyulur. Ostemperleme 1s1l islemi sonradan bir
temperleme ihtiyaci duymadigi icin 1slah 1s1l islemi ile karsilastirildiginda zaman kazanci ve
enerji tasarrufu ile one cikmaktadir [4]. Ostemperlemede sertlesme igin daha yiiksek
sicakliklarda su verme, pargalarin yagdaki su vermeye kiyasla deformasyon riskini biiyiik
Olgiide azaltir. Bunun nedeni, sogutma pargalarinin yagdaki gibi daha disiik sicakliklarda
degil daha yiiksek sicakliklarda gergeklesmesidir. Bu durum soguma oranini énemli 6l¢iide
yavaglatir. Daha yavas sogutma, parcalarin termal genlesme ve biiziilme nedeniyle daha az
stres ile karsilagmasi ve doniisiimde daha az strese neden olmasi saglar.

Genis uygulama alanina sahip Ostemperlenmis ¢elik mikro yapisinda beynit bulundurur. Bu
1s1l islem geleneksel 1s1l islemlerden farklidir ¢linkii burada perlit veya martenzit olusumu
onlenmektedir. Ostemperleme, demir alagimlarina dayamkliligi ve toklugu arttirmak igin
uygulanan bir izotermal 1s1l islemdir. Standart bir ¢elik dstemperleme isleminde, hipoodtektoid
celik icin gelik tst kritik sicakligin (AC3) yukarisina 1sitilir. Burada karbonun Gstenit matriste
¢oziinmesine izin verecek siirede tutulur. Daha sonra parca eriyik tuz igeren banyoda 260-
385°C sicaklik araliginda su vererek, isotermal doniisiim igin birakilir. Parga tuz banyosunda
beynitik yapr olusana kadar tutulur ardindan parca havada sogumaya birakilir. Pargada
gerceklesen izotermal doniisiim sonucu eger malzeme dokme demir ise ignemsi ferrit ve
Ostenitten olusan Osferrit yapist elde edilirken, ¢elik ise ignemsi ferrit ve karbiirden olusan
beynit yapisi elde edilir [5].

Ostemperleme isleminde Ostemperleme sicaklign ve siiresi parcanin mikroyapisinda
degisiklige sebep oldugu gibi sertlik, darbe dayanimi, ¢cekme dayaniminda da degisikliklere
sebep olmaktadir. Ostemperleme sicaklik oranina bagli olarak {ist beynit veya alt beynit elde
edebilir. AISI 4340 ¢eligi i¢in 300-600°C Ostemperleme sicakligi sonucu iist beynit elde
edilirken, 200-300°C aras1 6stemperleme sicakliginda alt beynit elde edilmesi beklenmektedir

[6].

Celik Ostemperleme islemine bir yenilik olarak, Feng ve arkadaslari AISI 4140 c¢eligini
martenzit baslangi¢ sicakliginin altinda bir sicaklikta Gstemperlemis ve martenzit-alt beynit
karsim1 bir mikroyap1 elde etmislerdir. Yaptiklar1 calismada 4140 celikleri 2 farkli dongiide
151l isleme maruz birakilmis. Bunlardan birisi martenzit baslangi¢ sicakliginin Ms iizerinde
olan geleneksel Ostemperleme digeri ise Ms sicakliginin altinda izotermal doniisiim ile
gergeklestirilmis 6stemperleme 1s1l islemidir. Cekme testlerinin sonucunda Ms altinda yapilan
ostemperlenmis numunelerin siineklige zarar vermeden UTS ve proof strengthlerinin énemli
miktarda gelistirildigini gostermis. Su verme ile Ultra ince taneli ve nanoyapili altbeynit-
martenzit karisimi mikroyapi elde edilmistir.
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Genel olarak karma beynit ve martenzit mikroyapisi elde etmek i¢in iki olasi isleme yolu
vardir. Ilk rota beynit olusumu ve ardindan martenzit olusumudur. Bu islem Ostenitleme ile
baslar ve beynit araliginda gerceklesen bir izotermal donilisiim ile devam eder. Geleneksel
Ostemperlemeden farkli olarak izotermal doniisiimiin akabinde proses temperlemeli veya
temperlemesiz bir su verme iglemi ile sona erer. Beynit ve martenzit oran1 beynit araligindaki
bekleme siiresi ile kararlastirilir. Uzun bekleme siireleri daha fazla beynitik doniisiimiin
tamamlanmasini saglar ve boylece daha biiylik miktarda beynit ve ayni zamanda daha az
miktarda déniismemis dstenit ile sonuglanir. Izotermal doniisiimden sonra uygulanan su verme
islemi doniismemis Gstenitten martenzit olusturulmasini saglar [7].

2. Yontem

Proje kapsaminda AISI 4140 ve AISI 1040 celiklerine, literatiir calismalarindan elde edilen
bilgiler dogrultusunda olusturulan Ostemperleme prosesleri uygulanmistir. Uygulanan
prosesler BM6, BM7, BM8 ve BM9 olarak adlandirilmistir.

Ilk denemede uygulanan BM6 ve BM7 proses diyagrami Sekil 1” de verilmistir.

Sicaklik (°C) —— BM6 PROSES DIYAGRAMI
N — BM7 PROSES DiYAGRAMI

20 dk Ostenitleme

60 dk Gstemperleme
330 = P

300 dk Ostemperleme

2501 \ \
= Siire (dk)

Sekil 1. BM6 ve BM7 proses diyagramlari

Sonraki denemede uygulanan BM8 ve BM9 proses diyagramlar1 Sekil 2° de verilmistir.

Sicaklik (°C) .

J \ = BME PROSES DIYAGRAMI
. — BM3 PROSES DIYAGRAMI

50 dk Ostenitleme

B30 =

80 dk Ostemprleme

330
310+ -
60 dk Ostemperleme \
= siire (dk)

Sekil 2. BM8 ve BM9 proses diyagramlari
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Numuneler proseslere ve malzeme cinsine gore harflendirilerek adlandirilmistir.
Harflendirilerek yapilan adlandirma Tablo 1° de verilmistir.

Tablo 1. Numunelerin adlandirmasi

BM6 AISI 1040 (A)
AISI 4140 (B)
BM7 AISI 1040 (C)
AISI 4140 (D)
BMS AISI 1040 (E)
AISI 4140 (F)
BM9Y AISI 1040 (G)
AISI 4140 (H)

Ostemperleme 1511 islem prosesi uygulanan AISI 1040 ve AISI 4140 celik numunelerinin
sertlik, cekme ve darbe testleri yapilarak mekanik incelemeleri, optik mikroskop ile de
metalografik incelemeleri yapilmstir.

Proje ¢aligmalar1 hedeflenen mekanik degerler su sekildedir:
1. Maksimum Cekme Gerilmesi (MPa): 1400-1550

2. Akma Mukavemeti (MPa):  min. 1260

3. Kopma Uzamas1 (%): > 10% (ISO standardina gore)

2.1. Sertlik
Sertlik dlgiimleri, Bulut Makine Rockwell Sertlik Olgme Cihazi ile yapilmistir.

2.2. Cekme Testi

Cekme testinde, numuneler standarda uygun hazirlanmis ve testler TS EN ISO 6892-1
standardina uygun olarak 300 kN kapasiteli ZWICK/ROEL Cekme-Basma Cihazi ile
yapilmustir.

2.3. Darbe Testi

Darbe testi numuneleri standartlara uygun 10x10x55 mm olgiilerinde hazirlanmistir. Darbe
testleri Alsa marka darbe cihazi ile 25°C oda kosullarinda yapilmigtir. Cihaz max. 300 J’lik
enerji uygulamaktadir.
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2.4. Mikroyap Incelemeleri

Numuneler igyap1 incelemeleri i¢in once farkli boyutlarda zimpara kagitlari ile zzimparalanmis
ve parlatilmistir. Parlatilan numuneler 6nce %3 nital ¢ozelti, ardindan %10 sodyum
metabistlfit ile daglanmistir. Optik i¢cyap1 incelemelerde Leica marka DM 2700 model optik
mikroskop kullanilmistir.

3. Bulgular

AISI 1040 ve AISI 4140 celiginin uygulanan Ostemperleme prosesleri sonunda yapilan
mekanik test sonuclarindan sertlik degisim grafigi sekil 3’ te, darbe degisim grafigi sekil 4 te,
¢cekme mukavemeti degisim grafigi sekil 5’ te, akma mukavemeti degisim grafigi sekil 6’ da
ve uzama degisim grafigi sekil 7° de verilmistir.

SERTLIK (HRC)

—&—AISI 1040 AISI 4140
50
B 40
(B) o 20 P
(°) (F)
: : A/
2 = 25
23 21 (G)
(A) (€ (E)
BM®6 BM7 BMS8 BM9

Sekil 3. AISI 1040 ve AISI 4140 ¢eliginin 6stemperleme proseslerine bagli sertlik degisim

grafigi
DARBE (J)
—e—AISI 1040 AISI 4140

18.64 21.99
(B) (D) 9.69 10.44
(F) (H)
BM®6 BM7 BMS8 BM9

Sekil 4. AISI 1040 ve AISI 4140 celiginin 6stemperleme proseslerine bagli darbe degisim
grafigi

18



International Conference on Materials Science and Manufacturing (ICMSM 2023)

CEKME (MPA)

—o—AISI 1040 AISI 4140
1737.5
(B)
1442.5 1381
(D) (F) 1299
(H)
& B 880 .
819.5 802 873
(E) (G)
(A) (@]
BM®6 BM7 BMS8 BM9

Sekil 5. AISI 1040 ve AISI 4140 ¢eliginin dstemperleme proseslerine bagl ¢ekme
mukavemeti degisim grafigi

AKMA (MPA)
—o—AlISI 1040 AlSI 4140
1420
(8)
1159 1097
(D) 1018
(F) (H)
510
(A) >01 s11 510
(©) (E) (G)
BM6 BM7 BMS8 BM9

Sekil 6. AISI 1040 ve AISI 4140 ¢eliginin 6stemperleme proseslerine bagli akma mukavemeti
degisim grafigi
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UZAMA (%)

—o—AISI 1040 —{"—AISI 4140
12

(H)

9.1 9.6
6.4 (D) (F)
(8)
—
-~— —— —
16.7 17.8
15.7 15.4 (E) (G)
A (©
BM6 BM7 BM8 BM9

Sekil 7. AISI 1040 ve AISI 4140 c¢eliginin dstemperleme proseslerine bagli uzama degisim
grafigi

Ostemperleme 151l islem prosesleri uygulanan AISI 1040 ve AISI 4140 celiklerinin mikroyapi
incelemeleri yapilarak sekil 8” de verilmistir. Sekilde sol siitunda AISI 1040, sag siitunda AISI
4140 gelikler, uygulanan proseslere gore 200X biiylitmede karsilastiriimistir.
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G

Sekil 8. (A) BM6, AISI 1040 celigi (B) BM6, AISI 4140 celigi (C) BM7, AISI 1040 celigi
(D) BM7, AISI 4140 celigi (E) BMS, AISI 1040 celigi (F) BMS, AISI 4140 celigi (G) BM9,
AISI 1040 geligi (H) BMO, AISI 4140 eligi

4. SONUC, TARTISMA VE ONERILER

e AISI 1040 ve AISI 4140 celiklerine, Ostenitleme sicakligi sabit tutularak farkli
oOstenitleme siirelerinde, farkli 0stemperleme sicakliklar1 ve siirelerinde 6stemperleme 1s1l
islem prosesleri uygulanmistir.

e Ostemperleme 1s1l islem proseslerinde 250°C ve 310°C” de Ms alt1 ve 330°C sicakliklari
caligilmistir.

e Basamakli daglama sonucu gozlenen mikroyapilarda, martenzit kahverengi ve beynit
mavi (koyu) olarak degisen oranlarda belirgin gorilmiistiir.
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TEL ALEV SPREY, YUKSEK HIZLI OKSi YAKIT VE TOZ ALEV SPREY
TEKNIKLERI iLE BiRIKTIiRILEN MOLIBDEN KAPLAMALARIN
MIKROYAPISAL KARAKTERIZASYONU VE MEKANIK OZELLIKLERI

Cihan Ergun!, Amir Motallabzadeh?

Senmak Makina San ve Tic. A.S., ‘cihanergun@senmak.com, 2amir@senmak.com

OZET

Bu proje kapsaminda Tel Alev Sprey, Toz Alev Sprey ve HVOF (Yiiksek Hizli Oksi Yakit)
yontemler ile Molibden kaplama, AISI 4140 diisiik alasimli ¢elik {izerinde kaplanip, mikro
yap1 ve mekanik ozellikleri incelenecektir. Biriktirilen Tel Alev Sprey, Toz Alev Sprey ve
HVOF kaplamalarin mikroyapilar1 optik mikroskop, taramali elektron mikroskopu (SEM) ve
X-1ginlar1 kirmnimi teknikleri (XRD) ile incelenecektir. Kaplamalarin mekanik &zellikleri
(sertlik ve elastisite modiilii) nanosertlik (Nanoindentation) ve mikrosertlik cihazlarinda
Olciilecektir. Abrazif ve korozif polimer sistemlerindeki siirekli biiyliime nedeniyle, gerilme
seviyesindeki es zamanli artigla birlikte, siirekli artan isleme sicakliklar1 nedeniyle
nitriirlenmis ¢eligin asinma ve korozyon direnci makine omrii beklentileri saglamamaktadir.
Glinimiizde pek ¢ok sektérde yogun bir talep géren Molibden kaplamalarin meydana
getirdigi pek ¢ok avantaj bulunmaktadir. Oncelikle uygulanan celige cok gii¢lii bir sekilde
tutunma sagladigi i¢in, kaplamanin bozulmasi, kararmasi ve soyulmast miimkiin degildir.

Anahtar Kelimeler: Molibden kaplamalar, Tel Alev Sprey, Toz Alev Sprey, HVOF (Yiiksek
Hizli Oksi Yakit), Mo (Molibden)

MICROSTRUCTURAL CHARACTERIZATION AND MECHANICAL PROPERTIES
OF MOLYBDENUM COATING DEPOSITED BY WIRE FLAME SPRAY, HVOF AND
POWDER FLAME SPRAY TECHNIQUES

ABSTRACT

Within the scope of this project, Molybdenum coating will be coated on AISI 4140 low alloy
steel using Wire Flame Spray, Powder Flame Spray and HVOF (High Velocity Oxy Fuel)
methods, and its microstructure and mechanical properties will be examined. The
microstructures of the deposited Wire Flame Spray, Powder Flame Spray and HVOF coatings
will be examined by optical microscope, scanning electron microscope (SEM) and X-ray
diffraction techniques (XRD). Mechanical properties (hardness and modulus of elasticity) of
the coatings will be measured in nanohardness (Nanoindentation) and microhardness devices.
Due to the continuous growth in abrasive and corrosive polymer systems, with the
simultaneous increase in stress level, the wear and corrosion resistance of nitrided steel
doesn’t meet machine life expectations due to ever-increasing processing temperatures. There
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are many advantages offered by Molybdenum coatings, which are in high demand in many
sectors today. First of all, since it provides a very strong adhesion to the applied steel, it is not
possible for the coating to deteriorate, darken or peel off.

Key Words: Molybdenum coatings, WFS (Wire Flame Spray), PFS (Powder Flame Spray),
HVOF (High Velocity Oxy Fuel), Mo (Molybdenum)

1. GIRIS

Molibden (Mo), gelecek vadeden asinma ve siirtiinme direnci Ozellikleri nedeniyle termal
sprey endiistrisinde yaygin olarak kullanilan bir malzemedir. Bu nedenle, asinma
mekanizmalarini dengelemek icin daha yiiksek sertlige ve diisiik siirtiinme katsayisina ihtiyag
duyulan yerlerde molibden kaplama fiiretilir. Molibden pek ¢ok endiistriyel uygulamada
kullanilmaktadir [1]. Molibden kaplamalar, kaplanmamuis sertlestirilmis ¢elige kiyasla diistik
strtiinme, milkemmel kayma ve aginma direnci gosterir [2]. Molibden ve alagimlarinin termal
sprey kaplamalari, miitkemmel tribolojik 6zelliklerinden dolay1 birgok otomotiv pargasinda
kullanilmaktadir. Ornegin; conta, rulman, saft, tiirbin kanatlar1 ve asinma bilezikleri gibi
bircok endiistriyel uygulamada, termal piiskiirtme kaplamalar, ylizey bozunmalarini1 azaltict
ekonomik bir ¢6ziim olmasindan kullanimi hizla yayginlasmaktadir [3,6]. Molibden; bakir,
%20’den fazla bakir ihtiva eden alasimlarda, krom kaplanmis veya nitriirlenmis pargalarda
kullanilamaz [4]. Uygulamanizda minimum termal genlesme, 1s1 direnci ve mukavemet
kombinasyonu gerekiyorsa, istisnai bir secenek kaplamali molibdendir. Korozyonu 6nlemek
icin kaplandig siirece genlesmeden veya yumusamadan 1s1y1 tasiyacak ve tolere edecektir [5].
Yiiksek ergime sicakligina (2600°C) sahip Mo kaplamalar, oksitli ve siilfiirik ortamlarda
direnclidir. ~ Siilfiirlenme, bircok enerji donilisim sistemlerinde O6nemli bir sorundur.
Siilfirlenme genellikle diisiik oksijen (pO2~10-18 Pa) ve yiiksek siilfiir (pS2~10-1-10-3 Pa)
iceren ortamlarda Ozellikle 700°C’nin iizerindeki sicakliklarda meydana gelmektedir.
Rekrakter malzemelerin yiiksek siilfiirlenme direncine sahip olmasi nedeniyle kaplama
malzemesi olarak kullanimi biiyiik ilgi gérmektedir [6]. Molibden, Mo teli veya tozu
kullanilarak alev piiskiirtme yontemiyle biriktirilir. Alev spreyi, molibden telin yliksek
sicakliktaki bir alev yoluyla eritildigi ve basingli havanin erimis teli birkag kiiclik
damlaciklara boldiigii, sigrama olusumuna neden oldugu ve bunun biriktigi genis termal
puskiirtme kategorisinde yaygin olarak kullanilan bir kaplama biriktirme ydntemidir. Bu
islemdeki tek sorun yiiksek derecede oksidasyona sahip olmaktir. Bu oksidasyon, molibden
kaplamanin performansini diisiiriir ve kaplamalarin nispeten kisa bir émre sahip olmasina
neden olur [7]. Plazma sprey genellikle molibden kaplamalar1 biriktirmek i¢in kullanilir [8-
14]. Ancak baz yeni caligmalar, plazma piiskiirtmeli molibden kaplamalarin, mikro sertligi
300-500 HV araligina diistiigiinden, %5'ten fazla gozeneklilige ve diisiikk asinma direncine
sahip oldugundan nispeten yumusak oldugunu gostermektedir [15-18].

Yiiksek hizli oksi-yakit (HVOF) kaplamalar bircok endiistride c¢esitli parca ve bilesenler
iizerinde kaplama birikmesi i¢in kullanilmaktadir. HVOF kaplamalar, hava plazma
puskiirtmeli (APS) kaplamalara gére daha iyi bir avantaj sunar. Ancak HVOF kaplamalar,
hammadde malzemesi olarak sprey kalitesinde tozlar kullanilarak uygulanir. Piiskiirtme
dereceli tozlarin, besleme stoku malzemesi olarak kullanilan piiskiirtme dereceli tellerden
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daha pahali oldugu iyi bilinmektedir. Toz-HVOF prosesinde, yiiksek parcacik hizi nedeniyle
toz parcgaciklari alev i¢inde kisa siire hareket eder. Bu nedenle kaplamada erimemis veya yari
erimis parcaciklarin bulunma olasilig1 inkar edilemez ve bunlar gozenekliligi artirabilir ve
kaplamalarin diger mekanik 6zelliklerini azaltabilir. Son yapilan ¢aligmalarda, mevcut diger
plskiirtme yontemleriyle uygulanan kaplamalara kiyasla daha iyi kaplama ozellikleri (daha
yiiksek sertlik, yiiksek yapisma mukavemeti, ¢ok diisiik gozeneklilik, daha yiiksek asinma
direnci) elde etmek amaciyla modifiye HVOF termal pilskiirtme sistemi W-HVOF
kullanilarak yumusak c¢elik altliklar {lizerine molibden kaplama kaplanmistir. Kaplama
ozellikleri arastirilmis ve ark, alev ve plazma piiskiirtmeli Mo kaplamalarla karsilagtiriimistir

[19].

2. MALZEME VE YONTEM

60 mm capinda 500 mm boyunda AISI 4140 ¢eliginden iiretilen 3 adet vidanin tiim yiizeyine
molibden kaplanacaktir. Ark Sprey ve APS yontemleri ile kaplanan molibden kaplamanin
sertligi 300-500HV aras1 oldugu i¢in HVOF , WFS ve PFS yontemleri tercih edilmistir. Yeni
nesil yontem W-HVOF tabancasi lilkemizde bulunamadigindan dolay1 bu yontem ile deneme
yapilamamigtir. Kaplama oncesinde vidalar 20 mesh biiyiikliigiindeki AI203 bilyeler ile
kumlanarak ylizey temizlenmis ve pliriizlendirilerek kaplanacak tozlarin ylizeye baglanmasina
olanak saglanmustir.

l.vida MEC Hipojet 2700 HVOF tabancas1 propan gaz yakit1 kullanilarak Praxair Mo-102
(45-90micron) %99,5 saf Mo toz ile kaplanmistir.

2.vida GTV 15E WES tabancas1 oksijen ve asetilen gazlar1 kullanilarak Polymet PMET 899
3,17mm %99,95 saf Mo tel ile kaplanmustir.

3.vida CastoDyn DS 8000 PFS tabancasi oksijen ve asetilen gazlar1 kullanilarak Praxair Mo-
102 (45-90 micron) %99,5 saf Mo toz ile kaplanmugtir.

Molibden kapli numunelerin mikroyapilarinin analizleri, Leica S9i Stereo Mikroskobu, Leica
DM750 M Isik Optik Mikroskobu (LOM) ve Zeiss Ultra Plus Taramali Elektron Mikroskobu
(SEM) kullanilarak gergeklestirilmistir. Ayrica numunelerin kimyasal bilesimi, Enerji Dagilim
Analizi (EDS) ile donatilmig SEM kullanilarak incelenmistir. Sertlik 6lgtimleri Agilent Nano
Indenter G200 nano izdiisim ve Emcotest Durascan 20 micro Vickers sertlik cihazi ile
yapilmistir.

3. SONUCLAR

Deneme vidalarin ylizeyine WFS, HVOF ve PFS yontemleri kullanilarak molibden
kaplanmigtir. Sekil 1.a’da WFS yonteminde oksijen ve asetilen gazlari saf molibden tel
ergitilerek piiskiirtiilmiistiir. Sekil 1.b’de propan gazi ile ergitilen saf molibden tozlar
puskiirtiilmistiir. Sekil 1.c’de oksijen ve asetilen gazlar ile ergitilen saf molibden tozlari
puskiirtiilmiistiir. Piiskiirtme esnasinda molibden oksitlenmektedir. WFS ve HVOF
yontemlerinde yaklagik %13-18 arasinda oksitlenen molibden, PFS yontemiyle %30-35
oraninda oksitlenmektedir. Bu nedenle PFS yontemiyle piiskiirtiilen molibden mavi rengini
alirken WFS ve HVOF yontemleriyle piiskiirtiilen molibden toz ve tel formundaki gri rengini
korumaktadir. Vidalarin yiizey piiriizliliigline bakildiginda en az piiriizlilik HVOF
yonteminde, en fazla piiriizliilik PFS yonteminde goriilmektedir. Sekil 1 de Termal Sprey
yontemleri ile yapilan molibden kaplamalar verilmistir.
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Sekil 1.c: PFS yontemiyle molibden kaplama

3.1. Mikroyap1 Analizleri

Molibden kaplanmis vidalardan numune alma amaciyla kesit alinmistir. Numune Sekil
2.a’daki gibi bakalite alinmistir. Ardindan Sekil 2.b’de gosterilen Stereo mikroskopta ve Sekil
2.c¢’de gosterilen Optik mikroskopta incelenmistir.

-

Sekil 2.a : Bakalite alinmis numune
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Sekil 2.b : Leica S9i Stereo Mikroskobu Sekil 2.c : Leica DM750 M Isik Optik
Mikroskobu

——
——E

2 mm

Sekil 2.d : WFS Mo kaplanmis numunenin = Sekil 2.e : HVOF Mo kaplanmis numunenin
kesit alan1 gorlintiisii kesit alan1 goriintiisii

Sekil 2.f: PFS Mo kaplanmis numunenin kesit alan1 goriintiisi

Stereo mikroskobu goriintiileri, WFS yontemi kullanilarak kaplanmig numunenin yaklagik 1,2
mm kalinliginda homojen bir Molibden kaplamaya sahip oldugunu ve HVOF makinesi ile
kaplanmis numunenin 0,650 ile 0,150 mm arasinda degisen homojen olmayan bir kalinliga
sahip oldugunu gostermistir. PFS yontemi kullanilarak kaplanmig Molibden kaplamanin
0,460-0,520 mm arasinda degisen homojen olmayan bir kalinliga sahip oldugu ve molibden
oksit tabakasinin yogun miktarda oldugunu gostermistir.

27



International Conference on Materials Science and Manufacturing (ICMSM 2023)

‘Al -

Sekil 3.a : Zeiss Ultra Plus Alan Emisyonlu Taramali Elektron Mikroskobu

_~

100 i

EH KUYTAM
130 EHT=5600kV  SignalA=SE2  WD=9 KUYTAM

Sekil 3.b : WFS Mo kapl vidammn kesit ~ Sekil 3.c - HVOF Mo kapli vidanin kesit
alaninin SEM goriintiisii alaninin SEM goriintiisii
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EHT=2000kV  Signal A= SE2 WD = 8.1mm | Probe = 200.0 nA KUYTAM

Sekil 3.d : WFS Mo kaplanmis numunedeki alt tabakanin arayiizey SEM goriintiisi

Sekil 3.e : HVOF Mo kaplanmis numunedeki alt tabakanin arayiizey SEM goriintiisii

Molibden kaplama ile altliklar arasindaki arayiiz SEM ile arastirilmis ve sonuglar Sekil 3.e ve
Sekil 3.d‘de sunulmustur. Caligmalar, WFS yontemi kullanilarak numunede mekanik baglama
ile Molibden kaplamanin alt tabakaya iyi bir sekilde baglandigini1 ortaya koydu. Bununla
birlikte, HVOF yonteminin kullanildigi numunede, Molibden kaplama alt tabakaya diizgiin
bir sekilde baglanmamustir.

Map data 127 . ;
MAG: 110'% HV: 20.0 KV WD:

Map data 127
MAG: 110 x HV: 20.0 KV WD: 8.1 mm
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Map data 127

MAG: 110 x _HV: 20.0 KV WD: 8.1 mm Map data 127
MAG: 110 x HV: 20.0 KV WD: 8.4 mm

Sekil 4.a : WFS yontemiyle kaplanmis numunenin SEM mikrografi ve EDS elementel
haritalamasi.

Sekil 4.a’da sunulan SEM-EDS c¢alismalari, WFS ile kaplanmis hatvelerin tamamen ve
homojen bir sekilde saf Molibden ile kaplandigini agik¢a gdstermistir.

Map data 128
MAG: 160 x HV: 20.0 KV WD: 8.1 mm

Map data 128 Map data 128
MAG: 160 x HV: 20.0 kV WD: 8.1 mm  — MAG: 160 x HV: 20.0 kV_WD: 8.1 mm

Sekil 4.b : HVOF yontemiyle kaplanmis numunenin SEM mikrografi ve EDS element
haritast.

Sekil 4.b’de sunulan SEM-EDS c¢alismalari, HVOF yontemiyle kaplanmis hatvelerin st
boliimiiniin saf Molibden ile kaplandigin1 géstermistir.
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3.2.  Kimyasal Analizler

Tablo 1: SEM-EDS kullanilarak analiz edilen Molibden kaplamanin kimyasal bilesimi.

Element Series unn. C norm. C|Atom. C Error
[WwE.%] [wt.%] [at.%] [%]

Molybdenum L-series 89.82 100.00f 100.00 3.3

Map data 127
MAG: 110 x HV: 20.0 KV WD: 8.1 mm

WES yontemiyle ¢okeltilen Molibden kaplamanin kimyasal bilesimi SEM-EDS kullanilarak
analiz edilmis ve sonuglar Tablo 1'de verilmistir. Sonuglar, kaplamanin saf Molibden

oldugunu gostermistir.

Tablo 2: SEM-EDS kullanilarak analiz edilen Molibden kaplamanin kimyasal bilesimi.
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Element Series unn. C norm. C ktom. C Error
[wt.%] [wt.%] [at.%] [%]

Molybdenum L-series 63.23 100.00 | 100.00 2.3

Total: ©3.23 100.00 | 100.00

Map data 128
MAG: 160 x HV: 20.0 KV WD: 8.1 mm

L e s e B By s B B B B B S S H H S L T
a 6 8 10 12 14 16 18 20
keV

HVOF yontemiyle ¢okeltilen Molibden kaplamanin kimyasal bilesimi SEM-EDS kullanilarak
analiz edilmis ve sonuglar Tablo 2'de verilmistir. Sonuglar, kaplamanin saf Molibden'den
oldugunu gostermistir.

3.3.  Sertlik Ol¢iimleri
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Sekil 5.a : Micro Vickers Sertlik Testi

Sekil 5.b : Nano izdiisiim Sertlik Testi

WEFS, HVOF ve PFS yontemleri kullanilan Molibden kaplamalarin ortalama sertlik degerleri
Tablo 3 ve 4'te rapor edilmistir. Tablo 3’te Sekil 5.a’da gosterilen Mikro Vickers Sertlik cihazi
ile; Tablo 4’te Sekil 5.b’de gdsterilen nano izdiisiim cihazi ile sertlik 6l¢timleri yapilmistir.

Tablo 3 : WFS, HVOF ve PFS yontemi kullanilarak biriktirilen Molibden kaplamanin mikro
Vickers sertlik degerleri.

Y ontem Minimum Maksimum Ortalama
WEFS 624 766 699
HVOF 336 684 494
PFS 270 792 526

Tablo 4 : WFS, HVOF ve PFS yontemi kullanilarak biriktirilen Molibden kaplamanin nano
izdilistim yontemiyle Ol¢iilen Vickers sertlik degerleri.

Yontem Minimum Maksimum | Ortalama
WES 743 1640 1335
HVOF 840 1674 1288
PFS 468 945 674

Mikro Vickers 6l¢iim methodunda nano izdiisiim sertlik 6l¢iim methoduna gore daha genis bir
ylizeyin ve derinligin Olgiilmesi ile mikroyapida olusan porozite, oksit tabakalari, ergimemis
partikiiller ve inkliizyonlarin daha fazla etkilemesi nedeniyle daha diisiik degerler elde
edilmistir. Nano izdlisiim yontemi ile edinilen sonuglar PFS yonteminde ¢ok yiiksek miktarda
porozite ve oksit tabakalarini agik¢a ortaya koymaktadir. HVOF methodu ile uygulama
sirasinda yapilacak gelismeler umut vericidir. WFS methodu her iki sertlik 6l¢iimiinde de en
giivenilir sonuglar1 vermistir.
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4. TARTISMA VE ONERILER

1- Molibden WFS, HVOF ve PFS yontemleri kullanilarak basarili bir sekilde kaplanmigtir.

En yiiksek ve stabil ortalama sertlik degerlerine WFS yontemiyle ulagiimigtir. Molibden oksit
ve porozite miktari ¢ok diigiiktiir.

2- HVOF yontemiyle, propan gazinin Mo tozlarini tamamen ergitemedigi, bu nedenle altlik
malzemeye tamamen baglanamadig1 ve sertligin diisiik ¢iktig1 goriilmiistiir. Tekrar deneme
yapilacak ise kerosen yakit sistemli HVOF makinesi kullanilmali ve Mo kaplama 6ncesi Ni-
Cr tampon uygulanmalidir.

3- PFS yontemiyle Mo tamamen ergimis ve altlik malzemeye basarili bir sekilde yapismistir.
Ancak tozlarin diisiik hizda firlatilmasi nedeniyle ¢ok yogun miktarda porozite ve molibden
oksitlere rastlanmistir. Bu nedenle sertlik diisiik ¢ikmaktadir.

4- 3 farkli yontemle deneme sonucunda Mo kaplama i¢in en basarili yontemin WFS oldugu
kanisina varilmistir.
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Abstract

Metallic biomaterials are commonly preferred in orthopedic applications due to their superior
mechanical properties. However, their corrosion and biocompatibility properties need to be
improved. For this purpose, the surfaces of metallic biomaterials are generally coated with
bio-ceramic materials that provide high bio-compatibility and corrosion resistance. Various
chemical/electrochemical surface treatments are applied to increase the efficiency of bio-
ceramic coatings. In this study, NiTi alloy, which is frequently used as a metallic biomaterial,
was subjected to immersion in two different chemical environments (NaOH and Na,CO:s),
four different concentrations (1, 2, 3, and 4 M), and three different immersion times (10, 60,
and 180 minutes), and the surface roughness, degradation analyses, and Ni ion release of the
samples were determined. The highest roughness value was measured in the 4 Molar 10
minutes NaOH etching process, while the lowest roughness value was measured in the 2
Molar 180 minutes Na,COs etching process. It was determined that the sample group that
caused the highest weight loss due to etching processes was the 8 Molar 60 minutes NaOH
group. The samples were immersed in simulated body fluid for a period of 4 weeks, and the
degradation amounts were determined by measuring the weight losses. Degradation analyses
showed that the highest degradation occurred on the surface obtained after the 8 Molar 10
minutes NaOH etching process. However, the lowest degradation was detected in the 1 Molar
10 minutes NaOH sample. It was determined that the amount of Ni ion release was highest in
the 2 Molar 10 minutes Na,COs, 2 Molar 10 minutes NaOH, and 4 Molar 10 minutes NaOH
samples. The study found that there was no direct relationship between the surface roughness
and the concentration or immersion time. Similarly, the degree of degradation and the amount
of ion release did not change based on the roughness of the samples.

Keywords: NiTi, Chemical Etching, Surface Roughness, Degradation, lon-release

1. Introduction

In-vivo applications require biomaterials with sufficient strength, adequate corrosion
resistance, and high biocompatibility. NiTi alloys are frequently preferred materials in hard
tissue applications due to their sufficient strength values, adequate corrosion resistance, as
well as their superelasticity and shape memory properties [1,2]. NiTi alloys are frequently
preferred in short bone parts, fractured jawbones, and skulls applications, especially due to
their shape memory properties. NiTi alloys are also preferred in maxillofacial surgery, living
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tissue prosthesis, and removal of stenotic vessels or urinary tract systems applications [3].
NiTi alloys are also used in orthodontics and endodontics, such as braces and rotary root canal
apparatus [4]. According to the search results, one of the most significant risks associated
with long-term implantation of NiTi alloys is biological corrosion [5] and the release of Ni
ions [6]. There are some studies that show that NiTi alloys do not exhibit any cytotoxic effects
[7,8]. However, some studies have reported that NiTi alloys can exhibit toxic effects due to
their high release of Ni ions [9-12]. Therefore, it is important to carefully evaluate the
potential risks and benefits of using NiTi alloys in medical applications.

Metallic biomaterials are frequently preferred in orthopedic applications due to their high
strength. However, the corrosion and biocompatibility properties of these materials need to be
improved [13,14]. The biocompatibility of metallic biomaterials is related to their
susceptibility to corrosion in the body. As mentioned in the search results, insufficient
corrosion resistance in metal implants can lead to unwanted biological and mechanical
damage. Therefore, studies are being conducted to ensure the functionality of implants for
long-term use after implantation [15,16]. To improve the corrosion and biocompatibility
properties of metallic biomaterials, their surfaces are being modified with alternative
materials [17-19]. According to the search results, bioceramics such as hydroxyapatite and
bioglass are frequently preferred in surface coating processes to improve the corrosion and
biocompatibility properties of metallic biomaterials [20-23]. To increase the efficiency of
bioceramic surface modifications, various surface preparation processes are applied before
coating. The main purpose of surface preparation processes is to ensure sufficient surface
cleaning before coating and to improve the adhesion strength of the coating by increasing
surface roughness and surface area.

As mentioned in the search results, many studies have been conducted on the surface
modifications of metallic implants in recent years. However, these studies have mainly
focused on bioceramic coatings and their effects. In this study, the behavior, roughness,
degradation, and Ni ion release of NiTi alloys were evaluated in different concentrations and
immersion times of Na,COsz and NaOH surface treatments, which is different from the
existing literature.

2. Material and Methods

In this study, NiTi alloy surfaces with 45 (wt%) Ti and 55 (wt%) Ni content and dimensions
of 10x15 mm were subjected to chemical etching in two different chemical environments,
four different concentrations, and three different waiting times. Before the chemical etching
process, the sample surfaces were subjected by a series of ultrasonic cleaning processes
(distilled water, acetone and ethanol) to ensure surface cleaning. The sample groups and
surface treatments applied to the samples are presented in Table 1.
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Table 1. Sample groups and applied process details

Sample Env.  Cons. Time Sample Env.  Cons. Time
Code (M) (min.) Code (M) (min.)
Na2COs-1-10 10 NaOH-1-10 10
Na2COs-1-60 60 NaOH-1-60 60
Na2COz-1- ' 180 NaOH-1- ' 180
180 180
Na2COs-2-10 10 NaOH-2-10 10
Na2COs-2-60 60 NaOH-2-60 60
Na2COz-2- : 180 NaOH-2- g 180
180 o 180 T
&) @)
Na2COs-4-10 § 10 NaOH-4-10 3 10
Na2COs-4-60 60 NaOH-4-60 60
Na2COz-4- ) 180 NaOH-4- ) 180
180 180
Na2COs-8-10 10 NaOH-8-10 10
Na2COs-8-60 60 NaOH-8-60 60
Na2COz3-8- ° 180 NaOH-8- ° 180
180 180

The surfaces of the chemically etched samples were subjected to another ultrasonic cleaning
process and then left to dry at room temperature. The weight loss caused by the chemical
etching process on the sample surface was determined by measuring the weight of the
samples before and after the etching process. The weight difference between the sample
weights before and after chemical etching was recorded as corrosion loss. The roughness
values (Ra) of all sample surfaces after the etching process were measured using a surface test
instrument (MITUTOYO 211). At least 6 repeated measurements were taken for roughness
measurements, and the average and standard deviation values were calculated. Additionally,
during the 4-week immersion period in simulated body fluid (SBF), the amount of nickel ions
released from NiTi alloy surfaces to the SBF solution was determined using ICP-MS
(PerkinElmer, Jiangsu, China, Nexion 350) analyses. Similar to degradation analyses, ion
release analyses were performed in triplicate, and average values were considered. The SBF
composition prepared for degradation and ion release analyses is presented in Table 2.
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Table 2. Chemical composition of simulated body fluid (SBF) solution [24].
Reagents Amount in 1000 mL

NaCl 8.035¢g
NaHCO3 0.355¢g
KCI 0.225¢
K2HPO4.3H20 0.231¢g
MgCl,.6H>0O 0.311¢
HCI (1 Molar) 39.0 mL
CaCl» 0.292 ¢
Na2SO4 0.072¢g
(HOCH2)3CNH: 6.118 g
HCI (1 Molar) 0-5 mL*

* The suitable amount to achieve a pH~ 7.4

3. Results and Discussion

The physical and chemical properties of implant materials, such as surface morphologies,
surface characteristics, and chemical compositions, directly affect biocompatibility [25]. The
surface roughness of implant materials is of vital importance in tissue-implant interaction
[26]. This is because the surface properties of the implant directly affect the quantity and
quality of cells that will adhere to the implant surface after implantation, and thus determine
how the implant will interact with the surrounding tissue [27-29]. The surface roughness
values measured after the chemical etching process applied to NiTi implant surfaces are
presented in Figure 1. It has been observed that the surface roughness decreases with the
increase in waiting time in almost all concentrations in Na,CO3 environment. Similar results
were obtained for NaOH environment. It is known that all metals except gold and platinum
produce oxides and hydroxides in corrosive environments [30]. In Na2COsz environment, the
hydrolysis of CO3 ions can cause the release of OH™ ions into the environment, leading to the
formation of M(OH)x [31]. Similarly, NaOH is a basic compound that can affect the pH and
ion balance of the environment it is used in. The reason for the decrease in roughness values
with the increase in waiting time can be explained as the triggering of M(OH)x formation by
OH- ions in the environment and their accumulation on the surface. Roughness measurements
confirm this assumption. The highest roughness values in all concentrations of Na,COz and
NaOH environments were measured at the lowest waiting times. Among all sample groups,
the highest roughness value in Na,COs environment was measured as 4.85 um in 1M10m
group samples, and the lowest roughness value was measured as 1.01 um in 2M180m group
samples. In NaOH environment, the highest roughness value was measured as 5.79 pm in
4M10m group samples, and the lowest roughness value was measured as 2.03 pm in 8M180m
group samples. According to the search results, studies have shown that cell adhesion and
proliferation in metallic implants are related to surface roughness. An increase in roughness
will increase the surface energy and, therefore, the wettability of the implant surface, which
will rapidly increase cell proliferation [32-34]. In light of these results, the 4M10m NaOH
chemical etching that provides the highest surface roughness can be recommended to improve
osteointegration.
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Roughness, pm

1M 2M 4M 8M
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m m m m m m m m m m m m

NA2CO 485 333 168 453 151 101 335 16 1,73 3,77 349 212

NAOH | 348 251 231 519 282 355 579 404 406 4,15 411 2,03

Fig. 1. Roughness values of surfaces (Ra, pm).

To determine the corrosive effect of the chemical etching process, the weights of the samples
were measured before and after the process, and the difference was calculated and recorded as
weight loss. The measured weight loss values are given graphically in Figure 2. The first
noticeable result is that weight gain instead of weight loss was observed at 1M concentration
in both environments. This can be explained by the formation and accumulation of M(OH)x
due to the hydrolysis of CO3 ions in the environment. With an increase in concentration, the
re-dissolution of impurities on the surface and, consequently, an increase in the severity of
weight loss may occur. In addition, it can be said that the NaOH environment has a more
corrosive effect on the surface than the NaxCOs environment and causes more severe weight
losses. Although there is no linear relationship between weight loss and waiting time in both
environments, it was found that weight loss increased with an increase in concentration in the

NaOH environment. The most severe weight loss in the Na,COs environment was measured
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as -0.85% in the 8M180m sample group, while in the NaOH group, it was determined as -

3.01% in the 8BM60m sample group.
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In-Vitro Degradation (%)

1M 2M 4M 8M

10m 60m 180m 10m 60m 180m 10m 60m 180m 10m 60m 180m

NA2COs | 0,68 0,28 056 1,12 0,54 0,3 1,18 055 084 0,74 0,71 1,25

NAOH 0,12 041 028 105 069 029 125 081 1,2 1,82 0,61 0,28

Fig. 3. In-Vitro Degradation (%) resulting from a 4-week immersion in SBF.

Another parameter that affects biocompatibility in metallic implants is the degree of
degradation that will occur in the implant after implantation. The amount of degradation that
occurred in NiTi alloys with different surface roughness after 4 weeks of waiting in SBF is
given in Figure 3. Normally, with an increase in roughness, an increase in surface area and
therefore an increase in the intensity of dissolution in SBF is expected. However, the findings
show that there is no clear linear relationship between surface roughness and degradation. The
highest degradation in the NaxCOs group samples was measured as 1.25% in the 8M180m
group samples, while the lowest degradation was measured as 0.28% in the IM60m group
samples. In the NaOH group samples, the highest degradation was measured as 1.82% in the
8M10m group samples, while the lowest degradation was measured as 0.12% in the 1M10m
group samples. Although it cannot be said that there is a clear relationship between waiting
time and degradation intensity, it has been concluded that an increase in the concentration of
the environment increases the intensity of degradation.
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Fig. 4. Ni lons releases recorded by ICP-MS.

NiTi alloys have high corrosion resistance and advanced biocompatibility properties due to
the natural oxide layer on their surfaces. However, in long implantation periods, it is possible
for toxic and allergenic Ni release to occur, even in small amounts. Corrosion in metallic
implants causes prosthetic loosening and the release of metal ions such as Fe, Cr, and Ni. lon
release from implant materials poses a risk to the surrounding tissue. For example, high Ni
release affects cellular activities and causes various pathological conditions, including
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toxicity, allergic reactions, and inflammation [35-37]. In addition, some studies have reported
that Ni ions may have carcinogenic and toxic effects [38,39]. The amounts of Ni ion release
measured after a 4-week immersion period in SBF for NaOH and Na,COz group samples are
given in Fig. 4. The results show that Ni ion releases were at ppb levels in all samples. The
highest Ni ion release in the NaOH group samples was measured as 49.17 ppb in the 2M10m
group samples, while the lowest release was measured as 16.26 ppb in the 8M180m group
samples. In the Na,COgz group samples, the highest Ni ion release was measured as 54.09 ppb
in the 4M10m group samples, and the lowest release was detected again in the 8M180m
group samples. Although a linear relationship between Ni ion release and concentration and
immersion time in the chemical etching process could not be detected, it can be said that an
increase in concentration and waiting time leads to a decrease in ion release amounts. In light
of the findings, it is recommended to use the 8M180m chemical etching process for both
chemical environments, considering the amounts of Ni ion release.

4. Conclusion

Chemical etching was applied to NiTi alloys in NaOH and Na;COsz environments at 4
different concentrations and 3 different waiting times, and roughness, degradation, and Ni ion
release after a 4-week waiting period in SBF were determined. The findings are summarized
as follows:

e In both NaOH and Na>COz chemical etching processes, surface roughness decreased
as waiting time increased for all concentrations. The highest roughness value in the
Na.COs3 environment was measured as 4.85 pum in the 1M10m group samples, while
the highest roughness value in the NaOH environment was measured as 5.79 um in the
4M10m group samples.

e It has been determined that NaOH has a more corrosive effect on the surface
compared to Na,Oz and causes more severe weight losses. It has been found that there
is no linear relationship between waiting time and weight loss in both environments.
However, it has been determined that weight loss increases with increasing
concentration in the NaOH environment.

e It has been observed that there is no clear relationship between surface roughness and
degradation. Similarly, although there is no clear relationship between waiting time
and degradation intensity in both environments, it has been observed that increasing
the concentration of the environment increases the intensity of degradation

e It has been determined that Ni ion releases were at ppb levels in all samples. Although
no linear relationship was found between Ni ion release and waiting time or
concentration, it was observed that the amount of ion release decreased with
increasing concentration and waiting time.
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Ozet
Glinlimiizde,teknolojideki gelismeler bircok yenilikleri beraberinde getirmektedir. Bu

gelismeler sanayi ve teknoloji alaninda nitelikli malzeme ihtiyaglarina verimli ¢dzlimler
getirmistir. Endiistrinin her alaninda kullanilan termoplastik malzemelerden polipropilen bazi
durumlarda istenilen ozellikleri gosterememektedir. Bu sebepten dolayr yeni kompozit
malzemelere ihtiya¢ duyulmaktadir. Kompozit malzemelerin gilinlimiizde miihendislik
alanindaki 6nemi de biiyiik dlciide artmaktadir. Ozellikle otomotiv sanayisinde, sivil ve askeri
ucaklarda ileri kompozit malzemeleri de kullanilmaya baglanmistir. Bu ¢alismada; endiistride
yaygin olarak kullanilan termoplastik polimer malzemelerden olan polipropilen polimer
malzemesine %0,02 oraninda nano grafen partikiilleri ile ¢ift vidali ekstriider yardimiyla,
homojen karisimi1 yapilmistir. Homojen karisimi yapilan nano grafen partikiil takviyeli
polipropilen kompozit malzeme, enjeksiyon kaliplama yontemi ile test numunelerinin imalati
yapilmistir. Bu numunelerin mekanik ve 1s1l davranislarinin tespiti i¢in; erime akis indeksi
(MFI), ¢cekme testi, izod darbe testi, shore-D sertlik 6lgiim testleri yapilmistir. Yapilan bu
testlerden elde edilen veriler dogrultusunda, yeni iiretilen nano grafen partikiillii polipropilen
kompozit malzemenin mekanik ve 1s1l davraniglarinda 6nemli derecede iyilesmeler meydana
gelmistir. Ozellikle polipropilen kompozit malzemenin katkisiz polipropilen polimer
malzemeye 1s1l davramiglarda %70, mekanik davranislarinda da %40 civarinda iyilesmeler
oldugu tespit edilmistir.Bu iyilegsmeler metal malzemeleri kullanmaya gerek duymadan plastik
kompozit malzeme ile endiistrinin bir ¢ok alaminda kullanilmaya baslayacaktir. Ozellikle
mekanik ozelliklerinin iyilesmesi plastik sektoriinde biiylik ¢i1gir agarak, savunma teknolojileri
ve havacilik ve otomotiv endiistrisinde yeni iiriin olarak kullanilabilinecektir.

Anahtar kelimeler: Enjeksiyon kaliplama, termal davranig, nano grafen, kompozit malzeme,
mekanik davranis, polipropilen

Abstract

Nowadays, the developments in technology bring many innovations with them. These
developments have brought efficient solutions to the qualified material needs in the field of
industry and technology. Polypropylene, one of the thermoplastic materials used in all areas
of industry, cannot show the desired properties in some cases. For this reason, new composite
materials are needed. The importance of composite materials in the field of engineering is also
increasing greatly today. Advanced composite materials have also started to be used,
especially in the automotive industry, civil and military aircraft. In this study, a homogeneous
mixture of 0.02% nano graphene particles with a twin-screw extruder was made to
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polypropylene polymer material, which is one of the thermoplastic polymer materials widely
used in industry, with the help of a twin-screw extruder. Nano graphene particle reinforced
polypropylene composite material, which is made of homogeneous mixture, test samples were
manufactured by injection melding method. To determine the mechanical and thermal
behaviour of these samples, melting flow index (MFI), tensile test, 1zod impact test, shore-D
hardness measurement tests were performed. According to the data obtained from these tests,
significant improvements have been made in the mechanical and thermal behaviour of the
newly produced nano graphene particle polypropylene composite material. It has been found
that there are improvements in thermal behaviour of polypropylene composite material to
unadulterated polypropylene polymer material by about 70% and in mechanical behaviour by
about 40%. These improvements will begin to be used in many areas of the industry with
plastic composite material without the need to use metal materials. Especially the
improvement of mechanical properties will be used as a new product in the defence
technologies and aerospace and automotive industries by making a great breakthrough in the
plastics sector.

Keywords: Injection moulding, thermal behaviour, nano graphene, composite material,
mechanical behaviour, polypropylene

1. GIRIS

Gilinlimiizde, yaygin olarak kullanilan termoplastikler polimer malzemelerin hafif olmalari,
ucuz ve geri doniisiimiiniin de kolay olduklarindan endiistri i¢in biiyiilk 6neme sahiptir [1].
Yiiksek kirilma toklugu sahip olmalari, darbe dayaniminin iyi olmasi ve ayrica geri
dontigebilir malzeme olmasi kullanilirligin1 da artirmaktadir [2]. Plastik malzemeler uygun
maliyetlerinin yaninda mekanik ve kimyasal 6zellikleriyle, giiniimiizde salgin viriislere kars1
kullan-at 6zelligi ile pek ¢ok malzeme yerine kullanilabilmektedir [1-3].

Bir¢ok iilkede meydana gelen orman yanginlari, zararli bocek vb. sebepler, kiiresel 1sinma
gibi nedenlerden dolayi, odunun hammaddesinden imal edilen arz talebini karsilamasi i¢in
bilim insanlarinin buna alternatif malzeme arayislarina girmesine sebep olmustur [4]. Daha
temiz ve yasanabilir bir diinya icin geri doniisiimii olan bir¢ok alanda kullanisli olan
polipropilen polimer malzemesi kullanilmaktadir [1-5,6]. Polipropilen polimer malzemesi ile
iiretilen {riinler, su buhar1 tutma o6zelligi iyidir fakat gaz gecirmeme ozelligi kotiidiir [7].
Polipropilen, hayvansal yaglara iyi bir bariyerdir [7-8]. Radyatdér fanlarmin yapiminda,
camasir makinesi tank iirlinlerinde, ev esyasi govde ve pargalarinda yaygin olarak da
kullanilmaktadir [3-9-10]. Polipropilen termoplastigin birgok iistiin 6zelligi olmasina ragmen
ozellikle otomotiv sanayisi ve savunma sanayisi Uriinleri gibi gereclerde istenilen 1s1l ve
mekanik 6zelligi gosterememektedir. Bu sebepten dolay1 yeni plastik kompozit malzeme
ithtiyact giiniimiizde biiyiik 6nem arz etmektedir [11].
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Sekil 1. Polipropilenin Kimyasal Yapisi [10].

Termoplastik polimerler de {irlin i¢in daha ¢ok plastik isleme yontemlerinden enjeksiyonla
isleme yontemi kullanilmaktadir [11].

polimer hammadde

kalip

besleme
Unitesi

erimis malzeme

vida
Isiticilar

Sekil 2. Enjeksiyon Makinesi Sistemi [12].

Plastik enjeksiyon isleme sistemi, ergimis plastik hammaddenin kalip igine dogru itilip
sekillendirilir ve sogutularak kanallart ile kaliptan ¢ikarilmasini igeren bir iiretim yontemidir
[13]. Bu isleme yontemi ile birgok karmasik parcalarin imalati kolay yapilmaktadir. Polimer
malzemelerle yapilan birgok {iriin kullanisli ve ucuz olmaktadir fakat bu plastik malzemenin
mekanik ve termal ozelliklerindeki yetersizliklerinden dolayr kompozit malzeme yapimina
ithtiya¢ duyulmustur. Kompozit malzeme, iki veya daha fazla malzemenin belirli oranlarda
karistirilarak yeni malzeme iiretim yOontemidir [14]. Grafen, dogada bulunan en yumusak
elementlerden olan grafit maddesinin yapitasidir [14]. Grafenin kimyasal yapisi bal petegi
yapisina benzemektedir.
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Sekil 3. Grafen maddesinin yapisi [14].

Grafen maddesinin, bir¢ok {istiin kimyasal ve fiziksel Ozellikleri vardir. Grafen, nano
kompozit sentezi ile giines pillerinde, transistorlerde, dis dolgusu vb. alanlarda
kullanilmaktadir [16,17]. Esnek ve saglam olma o6zelliginden dolay1 da enerji verimliligi
yiiksek ugaklar, yapay retinalar gibi bir¢ok alanda da kullanilmasi beklenmektedir [18,19].
Glinlimiizde yapilan bir¢cok calismada grafen partikiilleri ile metal vb. {irlinlerle sentezi
yapilmistir [20]. Biz bu ¢alismamizda yaygin kullanilan termoplastiklerden olan polipropilen
ile sentezi yapildi. Yapilan yeni kompozit prototip iirlinlin termal ve fiziksel 6zellikleri
katkisiz polipropilen ile kiyaslanmistir. Bu calismada; endiistride yaygin olarak kullanilan
termoplastik polimer malzemelerden olan polipropilen polimer malzemesine %0,02 oraninda
nano grafen partikiilleri ile ¢ift vidali ekstriider yardimiyla, homojen karigimi yapilmistir.

2. MALZEME VE YONTEM

Bu calismada yaygin olarak plastik isleme metotlarindan olan enjeksiyon isleme yontemi
kullanilmistir. Hammaddeyi, bausona marka ¢ift vidali ekstriizyon makinesi ile homojen
karigim1 yapilmistir. Test plakast hazirlamak i¢in de haitian marka enjeksiyon tezgahi
kullanilmastir.

Sekil 4. Enjeksiyon Makinesi
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Sekil 5. Standart Plastik Test Cubuklari

2.1. Deneysel Calismalar

Katkisiz polipropilen ve grafen partikiil takviyeli kompozit malzeme ile standart test cubuklari
imal edilmistir. Is1 Deformasyon testi ve izod darbe testi i¢in ayrica malzemeler istenilen
oOlgliye getirilmistir. Bu ¢alismada katkisiz polipropilen ve grafen partikiilli kompozit iiriine
baz1 termal ve mekanik testler yapilmisti. Her deney icin 3 farkli numuneden o&lglimler
yapilmistir ve bunlarin ortalama degerleri alinmigtr.

2.2. Mekanik ve Termal Testler

Isil analiz, polimer malzemelerin fiziksel Ozelliklerinin 1s1  verilerek malzemenin
davraniglarindaki degisimlerin incelendigi bir yontemdir [21,22]. Polimer malzemelerin belirli
sicakliklarda 1sitilip sogutularak, malzeme davranigsindaki degisimlerin sicakligin Slgiildiigii
yontemleri igerir [23]. Mekanik testler, cisme uygulanan dis kuvvetler karsinda gosterdigi
direngtir [24-25]. Bu davranis bigimleri mekanik 6zellikleri belirler.

2.2.1. Eriyik akis indeksi (MFI)

Eriyik akis indeks testi, ergimis plastigin akis kolayligini dl¢iim yontemidir [26]. Genellikle
termoplastik polimer malzemelerin viskozitelerini belirlemek i¢in ve kaliplanmis pargada
kalip yolluklarindan malzemenin akmasi hakkinda 6nemli bilgiler verir [27]. Sekil 6’de test
cihazi, tablo 1’°de test cihaz1 6zellikleri tablo 2’de 6l¢iim degerleri gdsterilmistir.

Sekil 6. Eriyik Akis Endeksi cihazi
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Tablo 1. Eriyik akis indeksi cihaz 6zellikleri

Ozellikler Degerler
Sicaklik 220°

Yer ¢ekimi 0,975
Yiikleme siiresi ile 6n 5sn
1sitma

Olgiim Siiresi Sayis1 10sn
Yiik 2,75 kg
Meme cap1 2,095mm
Yiik uzunlugu 8mm

10 sn de adimlardaki kesim  0,25mm
Olciisii

Tablo 2. Eriyik akis indeksi test sonucu ve degisim yiizdesi

MALZEME Eriyik Akis Endeksi (MFI) % Artis degisim Orani
Sonucu (g/10dak)
Saf polipropilen 3,13 -

Nano grafen takviyeli
polipropilen 3,40 8,62

2.2.2. Is1 Deformasyon Testi

Is1 Deformasyon Testi (HDT); yiiksek sicakliga maruz kalinan polimer malzemenin, hangi
sicaklik degerlerinde sinir1 oldugunu oOlgmek i¢in kullanilan 6lgme yoOntemidir [27]. Bu
calisma ISO 75 standardina gore yapilmistir. Sekil 7°da test cihazi, tablo 3’ de test cihazi
ozellikleri, tablo 4’te 6l¢lim sonuglar1 gosterilmistir.

Sekil 7. Test Cihazi (HDT)
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Tablo 3. Is1 Deformasyon (HDT) Test Ol¢iim sonuglar

MALZEME Derinlik (mm) % Artis degisim
Sicaklik (°C) Orani

Katkisiz polipropilen 0,118 33,061 -

Nano grafen takviyeli 0,118 53,487 61,78

polipropilen

2.2.3. Darbe Testi

Darbe Testi, cismin kirilmaya neden olabilecek sartlar altinda malzemenin mekanik
davranislarinin belirlenmesinde kullanilmaktadir [28]. 1zod Darbe Testi yapmak icin ¢entik
atma cihaz1 Sekil 8’de ve dikdortgen prizma seklindeki prototip iirliniin ¢entik atma olgiileri

ise Sekil 9’de gosterilmistir. Test sonuglart da tablo 5’te gosterilmistir.

Sekil 8. Centik cihazi

Sekil 9. Izod darbe cihaz1 ve test numuneler
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Tablo 4. 1zod Darbe Test Sonuclari

MALZEME Malzeme Cekicin Harcanan lzod % Artis
Olgiileri (mm)  Enerjisi (Joule) Sonucu degisim
(kj/m?) Orani
Katkisiz 100x10x4 0,091 3,030 -
polipropilen (PP)
Nano grafen 100x10x4 0,145 4,915 62,211

takviyeli
polipropilen

2.2.4. Cekme Kopma Testi

Cekme- kopma deneyi, malzemelerin mekanik davranislarini belirlemek igin kullanilir [29].

Sekil 7°de standart test gubugu numunelerinin Olgtileri verilmistir. Tiim testler laboratuvar

ortaminda yapilmistir. Test sonuglari tablo 6° de gosterilmistir. Cekme- kopma test cihazi sekil

10’de, standart ¢ekme test gubugu sekil 11°te gosterilmistir.

Sekil 10. Cekme test cihazi

e

1114

'a-‘.NﬁlAln‘- =

Sekil 11. Standart test gubugu

Tablo 5. Cekme Test Sonuglar

MALZEME Cekme Akma Elastikiyet Akmada Kopmada
Dayanim Dayanim Modiilii Uzama Uzama
(MPa) (MPa) (MPa) (mm) (mm)

Katkisiz 30,231 26,084 1672,06 3,58 16,01

polipropilen

(PP)

Nano grafen 32,810 28,755 1910,04 3,20 7,69

takviyeli

polipropilen
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3.SONUCLAR VE TARTISMA
Yapilan testler sonucunda malzemelerin mekanik ve 1s1l davranislari tablo 6 ve tablo 7°de

gosterilmistir.
Tablo 6. Malzemelerin mekanik Davraniglar
MALZEME Cekme Akma Elastikiyet ~ Cekicde izod
Mukavemeti ~ Mukavemeti  Modiilii Harcanan  Sonucu
(MPa) (MPa) (MPa) Enerjisi (kj/m?)
(Joule)
Katkisiz 30,23 26,08 1672,06 0,091 3,030
polipropilen
Nano Nano 32,81 28,755 1910,04 0,145 4,915
grafen
takviyeli
polipropilen
Polipropilen 0,012 0,011 0,019 0,010 0,028
standart sapma
(S)
Kompozit 0,025 0,035 0,021 0,031 0,016
malzeme
standart sapma
O]
Tablo 7. Malzemelerin Isil Davranislari
MALZEME Is1 Deformasyon Eriyik Akis Endeksi
(HDT) °C g/10dak
Katkis1z polipropilen 33,061 3,13
Nano grafen takviyeli 53,487 3,40
polipropilen
Polipropilen standart 0,017 0,021
sapma (S)
Kompozit malzeme 0,045 0,032

standart sapma (S)

Termoplastik ve geri doniisiimii kolay ve ucuz olan polipropilen polimer nano grafenle
uyumlu sekilde kompozit malzeme olmustur. Sonuglar dogrultusunda yeni kompozit
malzemenin mekanik ve 1s1ya kars1 direnci (termal 6zelligi) belirgin 6l¢iide artmistir.
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3. SONUC, TARTISMA VE ONERILER

Yapilan bu ¢alismada yaygin olarak kullanilan termoplastik polimerlerden polipropilen ile
plastik kompozit malzeme tiretimi yapilmistir. Grafen partikiillii plastik kompozit malzeme
iiretimi yapilmistir. Katki maddesinin oran1 %0,02’dir. Caligmada mikser ve ¢ift vida burgulu
ekstriider ile malzemelerin homojen olarak karigimi yapilmistir. Enjeksiyon makinesinde
standart plastik test ¢ubugu imalati yapilarak bu iiriinler {izerinden malzemenin termik ve
mekanik analizleri deneysel olarak incelenmistir. Nano grafen takviyeli polipropilen kompozit
iirlinde de eriyik akis indeksi sonuglarina gore viskozitelerinde azalma olduklar1 gézlenmistir.
Bu veri de bize bu kompozit iirlinlerin ekstriizyon isleme yontemi ile iiretilen iirlinler icin
daha avantajli oldugu verisine ulagtirmistir. Katkisiz polipropilene nano grafen eklendiginde
olusan kompozit malzemenin kovalent baglarinin kuvvetlendigi ve kompozit malzemede
mekanik ozelliklerinde iyilesmeler olmustur. Ayrica nano grafenin erime sicakligi plastige
gore ¢ok iyi oldugundan, olusan kompozit malzemenin de 1sil davranislarinda iyilesmeler
meydana gelmistir. Grafen miktarin artmasiyla malzemede iletkenlik artacagindan plastik
kompozit sektdriinde istenmeyen durum oldugundan ideal oran %0,02 olarak eklenmistir.
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Abstract

In this study, the shock and vibration analyses of a structure called a seat bracket integrated
into a military logistics support vehicle are conducted, along with the approaches to these
analyses. The finite element (FE) model of the structure has been created, and boundary
conditions have been defined according to MIL-STD-810G standards. The aim of the study is
to determine the behavior of the seat bracket design in static conditions, its natural
frequencies, and its behavior in transit conditions, with the goal of design improvement.
Under the specified boundary and loading conditions, the numerical analyses of the structure
have been performed using modal-based linear analyses. As a result of the analysis, equivalent
stresses, damage values, and displacement values have been obtained for static and transit
conditions. Under shock loads, the "Neuber Correction Method™ approach has been applied to
account for the material non-linear effects of the components constituting the design. Through
this approach, the "plastic strain" value occurring in the seat bracket design under high shock
loads has been determined, leading to an advanced strength assessment. The numerical results
have been interpreted, and geometric improvements have been made in the preliminary design
stage of the seat bracket, resulting in a seat bracket design with higher strength while
maintaining its weight.

Keywords: FEA, Plastic Strain, Non-Linear, Mil-Std-810g, Equivalent Stress

INTRODUCTION

The automotive and defense industries prioritize meticulous design and testing to
ensure driving safety and durability, adhering to military standards. Key factors like seat
adjustments, such as height, legroom, and head and shoulder positions, are critical for
passenger comfort and safety. Additionally, damping structure design and material selection
are crucial to mitigate vibrations and shock loads encountered by ground vehicles. Vibrations
and shock-induced damages, though unpredictable, are a significant concern, often resulting
from prolonged exposure to vibration-induced fatigue. Military vehicles, operating in diverse
conditions, face a wide range of dynamic loads, including regular and random combinations.
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Studying the dynamic responses of these designs is essential. While it may be tempting to
apply simpler theories, real engineering problems are inherently complex. Valid predictions
require meticulous work. This study aims to contribute to shock, vibration, and fatigue studies
in automotive and defense industries through an engineering case study.

In study [1], a construction machine design was examined using the finite element
method under vibration loads to observe the vibration pattern at different locations using
experimental and numerical datas. In the study [2], the crankshaft of a ship power engine
piston was modeled under operating conditions. The reaction forces on the crankshaft
connection points were calculated with the help of "Ansys Mechanical Module”. In the thesis
numbered [3], it was prepared on obtaining approximate weak solutions of second-order
boundary value problems given with different boundary conditions using the finite element
method. The finite element method is discussed using three different types of basis functions.
[4] This article presents the principles of optimal support conditions that enable elimination.
Sample calculations of the deflections of the crankshafts under their own weight, elastic
deformation amounts and reaction force values were made using the Nastran FX 2010
program. In studies [5,6], strength calculations were made under the influence of the shear
force and bending moment value acting on a pin in different assembly groups. In this Study
[7], a backhoe loader machine has been analyzed under vibration and shock loads according
to the military standarts. As a results of the analysis, the backhoe design behaivour has been
improved under mechanic conditions. As the difference of the study from the literature, to
obtain design improvements, the response of the each designs, shock analyses are conducted
using MIL-STD-810G standards.

1.1 Seat Subassembly Design

In seat subassembly design, the most fundamental consideration is that the personnel
seated within it can easily access all equipment, and that the field of vision and space align
with the standard requirements.

Figure 1 Seat Subassembly
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1.2 Design Details

Two different structural designs have been developed and a set of scientific criteria is used to
compare these designs. These designs have been developed for comparison based on their
performance under dynamic, sudden, and random conditions in accordance with MIL-STD-
810G. In the process of the first design, it was maintained without making any geometric
changes to reduce the weight or enhance the performance of the structure, as the most
preliminary design was created in accordance with the requirements as shown in.

5

0 0 ~
Top view N N
Scole: 1:5 N ~
548 . [

sometric view

Figure 2 R0O0 Design Details

In the process of the second design, it was maintained with making geometric changes to keep
the optimized weight while enhancing the performance of the structure. These geometric
changes is marked with circle in Figure 3 and Figure 4.

Figure 3 RO1 Design Details
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2. MATERIAL

The Seat Subassembly consists solely of fasteners and S355J2 quality sheet metal
materials. The mechanical properties of the S355J2 quality material are provided in Table 1.

Table 1 S355J2 Mechanical Properties

Material Density(kg/m?3) Modulus Of Poisson’s  Yield Strenght
Elasticity (Gpa) Ratio (Mpa)

S355J2 7850 210 0,29 355

3. METHOD

To conduct a fatigue analysis based on vibration, it is crucial to prepare a finite
element model of the structure. Initially, we created the preliminary design of the model using
CATIA V5 software and utilized the ANSYS Spaceclaim module to generate the finite
element model. This design includes fasteners and sheet metal parts, which need to be
simplified for proper modeling. To simplify the model, we eliminated radii from the sheet
metal parts formed by bending and converted them into 2D elements by extracting the mid-
surface. Additionally, we addressed connection elements like bolts and nuts, which can
complicate finite element analysis due to their threads and hexagonal heads, by deactivating
them physically and replacing them with beam elements from the mechanical interface. After
simplification, the model was transferred to the Ansys Workbench module. Since the entire
model comprises the same type of sheet metal, we defined the material as S355J2. Even
improvements have been done on each designs, both of the designs have same weight which
is around 15kg.

3.1 Contacts And Boundry Conditions

In the finite element model, all connection elements have been defined as rigid
structural steel beam elements. In this section, contact and boundary conditions have been
defined for two different designs. The first is the initial version of the model without any
improvements. In the second part, certain design enhancements and weight reduction efforts
have been implemented. In the finite element model, all connection elements have been
consistently defined as rigid structural steel beam elements. Since the analysis will proceed
with the modal module, two types of contact types can be used.
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3.1.1 Design R00’s Contacts and Boundry Conditions

Since the analysis will proceed with the modal module, two types of contact types can
be used. The first one is the 'no separation’ contact type, which has been defined between the
surfaces in surface-to-surface connections provided by conn Here, sliding is allowed along
their tangents but separation along their normals has been prevented.To ensure the correct
setup of the finite element model, a part of the vehicle cabin, the floor, has been added to the
model, and the added model has been fixed at all its open edges. To meet regular conditions,
bonded contact type has been defined in welded contact regions. Assuming a person will be
sitting on the seat, a point mass has been defined using a personnel weight from the standards
as a reference. However, the need to see how the design behaves under extreme conditions
has shaped the evaluations towards a safer design. Therefore, a weight of 142.8 kg has been
considered. The coordinates of the point mass are as follows: (993.24, 738.52, 650).

C: Static Structural !

Static Structural

Time: 1, s " A
19.09.2023 14:52

[ Fixed Support

[BJ Fixed Support 2 o
[8 personal lity_mass_
[D] Standard Earth Gravity: 9806,6 mm/s*

b
000 20000 400,00 (mm) vy
[ Eaaa—  E—

100,00 300,00

Figure 5 Seat Subassembly RO0 Boundry Conditions

3.1.2 Seat Subassembly R01’s Contacts and Boundry Conditions

The second part of contacts and boundary conditions, certain design enhancements
and weight reduction efforts have been implemented. However, no changes have been made
to the boundary conditions and loading conditions.
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Figure 6 Design R01 Boundry Conditions
3.2 Mesh

In this section, the mesh, as in the previous section, has been examined under two
headings. Mesh convergence studies also have been conducted considering four different
element sizes (Table 2) . For mesh convergence rate, 5% and below is considered valid. As
given in table 2, all results are evaluated. Thus, considering the sheet thicknesses and their
geometries, only rectangular and triangular elements have been used with 6 mm element size.

Table 2 Mesh Convergence Values

Element Size (mm) Equivalent Stress
(MPa)
18,054
17,86
18,22
19,48
21,37

g1 o N 00 O

3.2.1 Design R00 Mesh

In the mesh method applied to shell elements is predominantly rectangular, forming
the majority of the element count. Given that the majority of these elements are simple in
structure and belong to sheet metals, it directly influences the mesh quality, resulting in an
element quality value of 0.98. In the initial model, the element and node counts are 25,455
and 92,478, respectively.
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Figure 7 Design ROO Mesh
3.2.2 Design R01 Mesh

In the second design, the mesh method applied to shell elements is also predominantly
rectangular, forming the majority of the element count. The element and node counts for the
second model are 26,329 and 30,792, respectively.

Figure 8 Design RO1 Mesh

3.3 Loading Conditions

Modal analysis has been performed with a mode count of 75, considering the solution
time and mass participation factors.

Table 3 Modal Analysis Setting

Options Solver Controls
Max Modes Limit search to Spin Damped Solver Type
to Find range Softening
75 No Program No Direct
Controlled

3.3.2 Random Vibration Loading Condition

Dynamic analyses have been conducted in accordance with MIL-STD-810G, Method
514.6, Procedure 1, Category 4, as shown in vibration load profiles defined for each axis, X,
Y, and Z, in Figure 6, Figure 7, and Figure 8.
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Figure 9 Vibration Load Profile in X Axis
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Figure 10 Vibration Load Profile in Y Axis
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Figure 11 Vibration Load Profile in Z Axis

3.3.3 Shock Analysis Loading Conditions
Dynamic analyses have been performed in accordance with MIL-STD-810G, Method
514.6, Procedure 1, Category 4, applying a 20G magnitude shock load with a sawtooth profile
defined for each axis. The applied shock load profile is shown in Figure 9.

1402

Figure 12 Shock Load Profile
4. RESULTS AND DISCUSSION

Here, all analysis results are examined in tables. Static, vibration and shock analysis results
are given in Table 4, Table 5 and Table 6 below. In the following headings, analysis-specific
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evaluations were made. The results will be examined under four separate headings, each of
which has two sub-sections: the first design and the second design, which includes
improvements and weight reduction efforts. The first of the examined headings pertains to the
analysis conducted in the static structural module, where loading results under static
conditions were obtained. The second heading includes modal analysis, followed by results of
random vibration analysis, and finally, the shock analysis results solved in the transient
structural module.

Table 4 Static Analysis Results

Max. Max.
Load Equivalent Equivalent Yield Strength
Condition Stress (MPa)-  Stress (MPa)- (MPa)
R0O RO1
Static Analysis Static 19 20 355

Table 5 Random Vibration Analysis Results

Direction Damage- Damage- Yield
Random R0OO RO1 Strength(MPa)
Vibration X 54 0,74
Analysis Y 2,39 0,23 355
Z 0,85 0,00019

Table 6 Shock Analysis Results

Direction Max. Equivalent Max. Equivalent
Stress(MPa) Stress (MPa)
X 0.0048 604
Shock Analysis vy
0.008 804
z 0.0052 635

4.1 Static Structural
4.1.1 Design R0O

The analysis results have been examined by measuring at different points. As seen in
Figure 10 and Figure 11, the maximum equivalent stress occurred in the rear bending section
of the seat bracket. However, under static loading conditions, 29,43 MPa stress is much
smaller compared to the material's yield strength and does not induce any plastic deformation
since it remains below the yield strength.
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Figure 14 Design R0O0 Equivalent Stress Results
4.1.2 Design RO1

The maximum equivalent stress is measured at 19.48 MPa in the rear bending section
of the seat bracket. . However, under static loading conditions, this stress is significantly

lower than the material's yield strength and remains below the yield strength, causing no
plastic deformation.

C: Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress - Top/Bottorn
Unit: MPa

Time: 15
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Tﬁ; .
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[ a— ES—
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Sekil 15 Design RO1 Equivalent Stress Result
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4.2 Modal

Modal analyes have been conducted with a mode count of 75, taking into account the
frequency range, solution time and mass participation ratios. The mass participation ratios
obtained from modal analysis results for each case are provided in Table X and Table Y. This
analysis is carried in the frequency range of 30 Hz to 1600 Hz to observe in case of an
excitation coincides with a natural frequency of the structure, the structure may exhibit very
high level of vibrations that can lead to structure fatigue and failure.

Table 7 Mass Participation Ratio of Design R00

AXIis Total Effective Mass
(%)
X 0,77
Y 0,82
Z 0,96

Table 8 Mass Participation Ratio of Design RO1

AXis Total Effective Mass
(%)
X 0,81
Y 0,86
Z 0,96

4.3 Random Vibration Resutls

4.3.1.1 Design RO0 X Direction Random Vibration Analysis Result

As a result of the random vibration analysis with the applied load along the X-axis, the
maximum damage value obtained on the shell elements is 5.6, as shown in Figure 13,
occurring in the bending region. This value indicates that under the vibration profiles applied
in the X-direction, the design is not safe, and it has exhausted its fatigue life. This situation

can be mitigated by preventing stress concentrations in that area.
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Figure 16 Design RO0 Random Vibration Damage Overview In X-direction
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4.3.1.2 Design RO0 Y Direction Random Vibration Analysis Result

As a result of the random vibration analysis with the applied load along the Y-
direction, the maximum damage obtained on the shell elements is 2.39, again occurring on the
bending section of the plate. Similar to the X-direction, the damage here is due to stress
accumulation. The distribution of damage is detailed in Figure 14. Under these conditions,
this design is susceptible to damage from vibrations applied in the Y-direction. This obtained
value indicates that this design group has exhausted its fatigue life entirely. Therefore, there is
no need for a shock analysis in the Y-direction.

E

Figure 17 Design RO0 Random Vibration Damage Overview In Y-direction

4.3.1.3  Design R00 Z Direction Random Vibration Analysis Results

As a result of the random vibration analysis with the applied vertical load along the Z-
axis, the maximum damage obtained on the shell elements is 0.85, detected in the front

bending region of the seat design group. The value obtained here indicates that this design has
utilized 85% of its fatigue life.

Sekil 18 Design RO0 Random Vibration Damage Overview In Z-direction

4.3.2.1 Design R01 Random Vibration Analysis Results In X Direction
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As a result of the random vibration analysis with the applied load along the X-axis, the
maximum damage value obtained on the shell elements is 0.74, as seen in Figure 16,
occurring in the vertical support leg section of the bracket. This value indicates that this
design is safe against vibrations applied in the X-direction and has utilized 74% of its fatigue
life.

Figure 19 Design R01 Random Vibration Damage Overview In X-direction

4.3.2.2 Design RO1 Random Vibration Analysis Results In Y-Direction

As a result of the random vibration analysis with the applied load along the Y-axis, the
maximum damage obtained on the shell elements is 0.23, once again occurring in the
connection region of the plate. The distribution of damage is detailed in Figure 17. Under
these conditions, this design is safe against vibrations applied in the Y-direction. The obtained
value indicates that this design group has used 23% of its fatigue life.

Figure 20 Design RO1 Random Vibration Damage Overview In Y-direction

4.3.2.3 Design R01 Random Vibration Analysis Results In Y-Direction

As a result of the random vibration analysis with the applied load along the Z-axis, the
maximum damage obtained on the shell elements is 0.00019, once again occurring around the
region where the plate is welded to the base plate. The distribution of damage is detailed in
Figure 18. Under these conditions, this design is safe against vibrations applied in the Z-
direction. The obtained value indicates that this design group has utilized only 0.019% of its
fatigue life.
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Figure 21 Design RO1 Random Vibration Damage Overview In Z-direction

4.4 Transient Structural Analysis
4.4.1 Shock Analysis Results In X-direction

As a result of the shock loads applied in the transverse direction along the X-axis,
time-dependent stresses have occurred. It has been determined that the equivalent stresses
reached a maximum value of 603.85 MPa due to sudden accelerations. The highest equivalent
stress under transverse shock loads has been detected to exceed the material's yield strength.
These high stresses occurred in the welding region of the seat bracket design under transverse
shock loads. The high-stress region is detailed in Figure 19.

F: Transient Structural
Equivalent Stress_max_br

_bracket
t {von-Mises) Stress - Top/Bottom

Maximum Over Time s

20.09.2023 10:53
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536,77

67,183
0,098963 Min

Z

0,00 200,00 400,00 (mm) x‘L‘ Y

100,00 300,00

Figure 22 Design RO1 Shock Analysis Equivalent Stress Overview

Therefore, a detailed examination of the equivalent stresses in this area is necessary. During
the examination of equivalent stresses, the Neuber Plastic Strain Correction method will be
used to understand the effects of stress concentrations arising from the design geometry. This
method is an ideal choice, especially for analyzing stress concentrations caused by the shape
of the design and the resulting stresses.
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Figure 23 Stress Correction Results In X Axis

After the necessary calculations, it can be observed that the actual area under the stress-strain
curve for the elastoplastic behavior is greater than the triangle provided by the Neuber stress
level, indicating that this method is potentially consistent. The obtained plastic strain value
here is 0.0048.

4.4.2  Shock Analysis Results In Y-direction

As a result of the longitudinal shock loads applied along the Y-axis, time-dependent
stresses have occurred. It has been determined that the highest equivalent stress reached a
magnitude of 804 MPa due to sudden accelerations. It was observed that under linear
directional shock loads, this occurred at the corner of the design where the spring geometry
was subsequently included.

100,00

Figure 24 Design RO1 Shock Analysis Equivalent Stress In Y-direction Overview
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Figure 25 Stress Correction Results In Y Axis

Based on this graph, the plastic strain value corresponding to the intersection point of
the lines in the graph is 0.008.

4.4.3 Shock Analysis Results In Z-direction

As a result of the vertical shock loads applied along the Z-axis, time-dependent
stresses have occurred. It has been determined that the equivalent stresses reached a
magnitude of 635 MPa due to sudden accelerations. The plastic strain value obtained as a
result of the calculations is 0.0052, as seen in the Figure 24.

Figure 26 Design RO1 Shock Analysis Equivalent Stress In Y-direction Overview
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Figure 27 Stress Correction Method Results In Z-Direction
5.CONCLUSION AND FUTURE SCOPE

In the conducted static, random vibration, and shock analyses, the damping effects
provided by the suspension and tires are neglected. When the results are examined for both
designs, it is observed that the maximum equivalent stress results in static, random vibration,
and shock analyses for the first design remain above the material yield strength. Upon
reviewing the results, it has been determined that the RO1 design remains in a safe zone under
operating conditions. Following a thorough analyses, improvements have been implemented
on the designs, enhancing the structural integrity of the existing design under various loads
without altering its mass.

With the current assumptions, the proposed R0O1 seat sub-assembly design has better
dynamic responses compared to ROO design with additive geometrical parts, keeping the
same weight. This work should be extended in the future to include all drivers cabinet to see
interaction between floor sheet and the passenger seat.
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Abstract

Reliability & Project Development regional Papua Maluku is an investment implementation
function based on the budget written in RKAP of each period. The investments carried out are
spread in each work location at Papua Maluku Island. Project investment of RPD regional
papua maluku consist of civil, mechanical, HSSE and electrical instrumental which civil
project have a biggest value equal to IDR 132 billion (60% of total project) compared with
other project. The main cause for the high construction cost of civil project is concrete work
due too high price of steel bar. To overcome this problem, Collated Carbon Reinforced
(CORO) is determined as substitution of common steel bar. CORO consist of cocofiber &
carbon lane fiber (CLF) to strengthen mechanical properties flexural streangth of concrete. By
applying this alternative solution, the quality of flexural strength concrete increased by
81,26% (23,10 Mpa to 41,87 Mpa) and reduce construction cost of concrete to 19,65% (IDR
4.490.195,- to IDR 3.607.693,- per m®)

This innovation has been endorsed by an external party, PT Surveyor Indonesia, PT.
Sucofindo and Institut Teknologi Bandung. Replication has been carried out for the
construction project in Fuel Terminal Sanana, and Fuel Terminal Masohi.

Keywords : Construction Cost of Concrete , Project Efficiency, Collated Carbon Reinforced,
Flexural Strength

l. Introduction

Referring to the Key Performance Indicator (KPI) of Reliability & Project Development
Regional Papua Maluku, investment realization (finance) and investment realization
(physical) are the cascading KPIs with the most dominant weights. In fulfilling the target
realization, the obstacles often arise due to various problems. The pareto analysis is shown in
Fig. 1. below.
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Fig. 1. Pareto for Project Cost

The problem that has the most significant financial impact, namely the "civil" project with
a financial impact of IDR 132,11 billion. In the construction phase, the construction cost of
concrete are determined as the main focus of the research due to its biggest financial impact.
The construction cost of concrete made the highest cost of IDR 71,334 billion. By doing so,
the construction cost of concrete supposed to be the focus of the problem solving.
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Fig. 2. Pareto for the Construction Cost of Concrete

Followed by using cause and effect analysis, there are 3 (three) potential root cause which
are: there aren’t subtitute material for steel bar (A); there aren’t subtitute material for concrete
material (B); high cost of manpower (C). According (Fig. 3), point A has the highest value to
be the root cause.
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l. Analysis

With the the high construction cost of concrete problem, we have 3 (three) alternative
solution that can reduce high construction cost of concrete. The choosing of alternative
solution can be seen in Table 1. Collated carbon reinforced (CORO) is chosen due to low
effort high impact of implementation.

Table 1. Choosing an Alternative Solution

. Low Effort
Al Alternative Solutions s ESt'Tate B/C Ratio High Chos_en
Cause per m Solution
Impact
- IDR Low Effort
There Bamboo Modified 1,8 .
aren’t 3.900.450,- High Impact Collated
material . IDR High Effort Carbon
substitute Polyester Fiber 5.877.650,- 08 Low Impact | Reinforced
Igr steel Collated Carbon IDR 49 Low Effort (CORO)
Reinforced (CORO) 1.510.339,- : High Impact

Before this research conducted, the implementation of concrete in PT Pertamina Patra
Niaga always uses conventional concrete refer as per SNI (Standard National Indonesia). The
first use of concrete using collated carbon reinforced (CORO) was carried out in the
Reliability & Project Development Regional Papua Maluku in PT Pertamina Patra Niaga
because it cannot be found on the KOMET portal for similar innovations. In addition, the
uniqueness of collated carbon reinforced (CORO) are utilizing local raw materials and
contributing to the utilization of micro enterprises in the area and also coco fiber waste is a
natural and environmentally friendly material that is abundant in Indonesia so it has a
replicability value. Main chemical constituents of coconut fibre are polysaccharides and
lignin, and physical properties of coco fiber consist of flexural of modulus 150-250 (dynes-
cm2) (Mishra, L., & Basu, G. : 2020). Carbon line fiber have studied abouts flexural
properties. It have been concluded that carbon-fiber reinforced composites can increased
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mechanical properties about 20% (Srivastava, A. K., Gupta, V., Yerramalli, C. S., & Singh, A
: 2019).

Trial and Error System

Trial and error obtanied after conduct sample test as shown in table 2. Test conducted in
Civil Engineering Department Test Laboratory University of Indonesia and PT Mixindo
Abadi Karya Laboratory Test.

Table 2. Test Result of Sample

No

Sample

No
Sample

Flexural Strength
(Mpa)

Average
(Mpa)

Concrete without steel bar

2,67

1,33

2,30

2,10

Concrete with coco fiber 6%

10,67

10,00

10,22

10,30

Concrete with steel bar

22,68

21,86

24,76

23,10

Concrete with carbon line fiber

18,01

19,23

18,55

18,60

Concrete with carbon line fiber & coco fiber 6%

38,02

41,35

WINIRPIWINIPIWINIRPIWINP|IW[(N|F-

47,074

42,15

From table 2, concrete without steel bar have lowest flexural strength equal to 2,1 Mpa.
When using steel bar at concrete construction, it increase flexural strength into 23,1 Mpa. The
weakness of conventional concrete construction using steel bar is expensive. To reduce cost
of construction, coco fiber and carbon line fiber can used to substitute steel bar, but
mechanical properties flexural strength only 10,3 Mpa. Similar with that, carbon line fiber can
used to substitute steel bar too, but mechanical properties flexural strength only 18,6 Mpa.
Hence it need combined between coco fiber and carbon line fiber to increase mechanical
properties flexural strength. After it combined the flexural strength increased into 42,15 Mpa
equal to 82,46%. The correlation between composition coco fiber and flexural strength of
concrete shown in table 3 and figure 4.
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Table 3. Test Result of Sample 28th Concrete Age at various composition coco fiber

No sample No Flexural Strength Average
Sample (Mpa) (Mpa)
1 6,23
1 |Concrete with coco fiber 2% 2 7,10 6,74
3 6,88
1 8,10
2 |Concrete with coco fiber 4% 2 7,60 8,27
3 9,10
1 10,67
3 |Concrete with coco fiber 6% 2 10,00 10,30
3 10,22
1 9,20
4 |Concrete with coco fiber 8% 2 9,88 9,33
3 8,90
1 8,22
5 |Concrete with coco fiber 10% 2 8,55 8,59
3 9,00
12.00
10.00 T
i A —
% 8.00 ® = 134525 + 185.26x + 3.4467
= o R? = 0.9062
g 6.00
A
©
5 4.00
x
<
[N
2.00
0.00
0% 2% 4% 6% 8% 10% 12%

Composition Coco Fiber in Concrete (%)

Fig. 4. Trendline Flexural Strength 28th Concrete Age at various composition coco fiber

As per table 3 and fig. 4 shown that optimal flexural strength can be obtained from formula :

X optimum = P

_ —18526
—1345,2x 2

=6,89%

Collated carbon reinforced have an optimum flexural strength in 28th days age of concrete
with composition 6,89% mass coco fiber base on volume concrete per m2.
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The correlation between volumetric composition carbon line fiber and flexural strength of
concrete shown in table 4 and figure 5.

Table 4. Test Result of Sample 28th Concrete Age at various composition carbon line fiber

% Volumetric Carbon Line Fiber in Concrete (%)

No sample No Flexural Strength Average
P Sample (Mpa) (Mpa)
1 6,23
1 |Concrete with CLF 4% 2 7,10 6,74
3 6,88
1 9,60
2 |Concrete with CLF 8% 2 9,55 9,38
3 8,99
1 11,56
3 |Concrete with CLF 10% 2 11,33 11,29
3 10,98
1 18,01
4 |Concrete with CLF 16% 2 17,88 18,18
3 18,64
1 23,25
5 |Concrete with CLF 20% 2 25,68 24,02
3 23,12
30,00
2500 0
a y =326,26x* +30,035x +4,9808 "
2 20,00 R2=0,9999
=
® -
@ 15,00
a .
[ 10,00 @
g ' | " )
o (3
5,00
0,00
0% 5% 10% 15% 20% 25%

Fig. 5. Trendline Flexural Strength 28th Concrete Age at various composition carbon line

fiber

As per table 3 and fig. 4 shown that higher volumetric percentage of carbon line fiber in
concrete, the mechanical properties flexural strength of concrete is higher too. The limitation
of optimation that composition only in price of carbon line fiber. Compare with concrete
using steel bar (flexural strength ; 23,10 mpa) and optimal concrete with coco fiber 6,89%
(flexural strength ; 9,82 mpa) it only need 13,275 from carbon line fiber.

The optimal percentage volumetric composition should calculated by formula :
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Optimum Volumetric Composition (%) = FS concrete using steel bar — FS concrete with coco

fiber
= 13,275 mpa
Calculated by Quadratic Equation :
y = (326,26x% + 30,035x + 4,9808)
13,275 = (326,26x2 + 30,035x + 4,9808 )
0 = (326,26x% + 30,035x + 4,9808 ) — 13,275
0 = (326,26x% + 30,035x — 8,2942)
Solve with Quadratic Equation below :
a = 326,26
b = 30,035
c =-8,2942
_ —b+Vb2—4ac
K2 =——F—
_ —30,035i\/30,0352—4-326,26 x—8,2942
X2 =
2x 326,26
X1 =11,99 %
X2 =-21,20% (not used)

As calculated, volumetric percentage of carbon line fiber in concrete is 11,99%.

I11.  Final Design
As trial error result, hence the final design of collated carbon reinforced concrete :
O O

Concrete

Coco Fiber 5,89%

Lapisan FRP 2 Layer

e
~~— Carbon Line Fiber 11,99%

Fig. 6. 2D Visualization of Carbon Collated Reinforced Design at Trestle
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Concrete

Coco Fiber 6,89%

Lapisan FRP 2 Layer

Carbon Line Fiber 11,99%

Fig. 7. 3D Visualization of Carbon Collated Reinforced Design at Trestle

As per figure 6 & 7 shown that the design consist of two main part. The first part is concrete
with SNI standards reinforced with a mixture of coco fiber 6,89%. The main goal is to
strengthen flexural strength of concrete. Second part is carbon line fiber with percentage
volumetric 11,99%. Similar with first part, carbon line fiber make a flexural strength of
concrete increase significantly. The advantages of this design compared to conventional
concrete designs with reinforcing steel iron is cheaper, corrosion resistant and longer life time.
The design didn’t use steel bar anymore as flexural strength resource, substitute with coco
fiber and carbon line fiber.

IV.  Result and Discussion
Data after implementation shown in Table 5. is based on insitu test mechanical properties

concrete at trestle structure fuel terminal Dobo.

Table 5. Before After Implementation Comparison Root Caused Problem

Existing After the Implementation
Cost
R Rank
oot Cause an Cos.,t_(IDR % % Cum (IDR % % Cum
Million) .
Million)
A There are no subtitute material for 1 41.379 58,0% 58,0% 0 0,0% 0,0%
steel bar
There aren’t subtitute material
B | for concrete material (cement, 2 22.116 31,0% 89,0% 22,116 | 73,8% | 73,8%
sand, gravel)
C High cost of manpower 3 7.848 11,0% 100,0% 7.848 26,2% | 100,0%
Total 71.343 29.964

85




International Conference on Materials Science and Manufacturing (ICMSM 2023)

Collated carbon reinforced (CORO) can solve root caused problem A (there are no additive
subtitute material for steel bar) . In the other hand, it can’t solve root caused B (There aren’t
subtitute material for concrete material (cement, sand, gravel)) and (C) High cost of
manpower because at commercial stage, it take more effort to bring innovation to that mass
production and changed SNI.

Steel bar in concrete construction mostly use for increase flexural strength mechanical
properties. But the weakness of steel bar is high price, and easily corroded (Taha, N. A., &
Morsy, M. : 2016). When stell bar substitute with coco fiber and carbon line fiber, it can
increase the mechanical properties of flexural strength in concrete significantly. The pilot
project was carried out at the Dobo fuel terminal in jetty structure. Construction is carried out
on the trestle section structure which is divided into 5 segments. After construction tests were
carried out on the trestle structure with results shown in table 6.

Table 6. Quality of flexural strength concrete at fuel terminal Dobo

. Samble Se ¢ No Flexural Strength Average
mp gmen Sample (Mpa) (Mpa)
1 37,02
Concrete with carbon line fiber 11,99% & coco fiber .
1 Trestle 1 2 40,35 41,15
6,89%
3 46,074
Concrete with carbon line fiber 11,99% & coco fiber L 39,02
2 Trestle 2 2 41,35 41,46
6,39%
3 44,00
Concrete with carbon line fiber 11,99% & coco fiber L 40,22
3 Trestle 3 2 41,35 41,82
6,89%
3 43,89
1 39,02
Concrete with carbon line fiber 11,99% & coco fiber .
4 Trestle 4 2 40,44 41,76
6,89%
3 45,82
1 43,00
Concrete with carbon line fiber 11,99% & coco fiber .
5 Trestle 5 2 41,35 43,15
6,89%
3 45,09
Average 41,87

Collated carbon reinforced (CORO) can increase quality (flexural strength) concrete on Fuel
Terminal Dobo from 23,1 Mpato 41,87 Mpa equivalent to 81,26%.

Carbon fibre reinforced polymer composites have been used to replace metallic
components due to their light weight and high strength (Dong, C :2020). The best approach
to minimize the deleterious effects on these structures is to use high-strength, high-
performance concrete. When a crack starts because of the expansion and shrinkage at splash
zones and expansive products are formed because of sulfate attacks, the crack will grow and
propagate uncontrollably. (Ramli, M., Kwan, W. H., & Abas, N. F :2013). Ultimately, the
durability of the structure is drastically reduced. The aim of this experiment is to mitigate this
limitation by incorporating short, discrete coconut fibers into high-strength concrete. This
method is based on the idea that the localized reinforcing effect provided by the discrete fiber
can restrain the development of cracks caused by aggressive environments. As per table 6
shown that quality of concrete in project design achieved with composition of CORO consist
of carbon line fiber 11,99% and coco fiber 6,89%. Hence parameter volumetric composition
of carbon line fiber can be increased limited by engineering design and price compare with
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conventional steel bar. But coco fiber cant be adjusted because optimal composition at 6,89%.
Data after implementation for construction cost of concrete on fuel terminal Dobo shown in
Table 7 :

Table 7. Construction cost of concrete fuel terminal Dobo
Concrete Cost (IDR) / m3 Efficiency

Concrete with steel bar 2.097.354 + 2.392.841

Concrete with carbon collated 19,65%

reinforced 2.097.354 + 1.510.339

As per table 7 shown that construction cost of concrete at fuel terminal Dobo can be reduced
19,65% compared to conventional concrete with steel bar.

VI. Conclusion

Collated carbon reinforced can be used as an alternative to conventional concrete because
they achieve the quality & cost targets as targeted in this innovation. The results showed that:

1. Collated carbon reinforced concrete were considered able to reduce construction cost
of civil project, especially in the concrete project equal to 19,65%

2. Collated carbon reinforced concrete were considered able to increase quality (Flexural
Strength ) of concrete equal to 81,26%

3. Optimum composition of collated carbon reinforced concrete consist of carbon line
fiber 11,99% and coco fiber 6,89%

4. The application of innovation collated carbon reinforced has received testimony from
internal management and external stakeholder.
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MIKROKAPSUL DESTEKLiI TERMOKROMIK GOSTERGELI BEBEK ORTUSU

Hiiner AYDIN?, Sule BAYRAM?

LAr-Ge Miidiirii, Pelsan Tekstil Uriinleri A.S., huner.aydin@pelsantekstil.com.tr
2 Ar-Ge Miihendisi, Pelsan Tekstil Uriinleri A.S., sule.bayram@pelsantekstil.com.tr

Ozet

Ates yeni dogan bebeklerde ve erken donem g¢ocuklarda sik goriiliir, ancak yeni dogmus bir
bebek icin ates tehlikeli bir enfeksiyonun isareti olabilir. Bu nedenle 2 aydan kiigiik
cocuklarin atesi 38 derece ve lstiine ¢ikarsa hemen acil servise bagvurulmasi gerekir.
Cocuklardaki ateslerin ¢oguna virlisler veya bakteriyel enfeksiyonlar neden olur. Boyle
durumlarda yeni ebeveynlerin (6zellikle lohusalik doneminde annelerin) de hormonel
durumlarindan dolay1 bebegin atesini anlamakta ve algilamakta giicliik ¢ektigi ve bu durumun
stres ve kaygiya sebep oldugunu tibben kanitlanmistir. Ayrica basit ates gibi durumlarin
yasam alanlarinda kolayca algilanabilmesi ve ¢6ziime kavusmasi yine énemli bir husustur.[1]

Ates genellikle bebegin sicak hissetmesine, uykulu olmasina ve istahsiz olmasi neden olur.
Birgok bebek atesi oldugunda huysuzdur, yemek yeme diizenleri bozulur ayrica 6zellikle
uyku hassasiyetleri ve atesleri tekrar diistiigiinde kendilerini ¢ok daha 1y1 hissederler. Pelsan
tekstil matris ve takviye olarak iki malzemeyi lamine ederek, ebeveynleri uyarici ayni
zamanda bebegi rahatlatici, 6zel, ebeveyn hassasiyetine duyarli, c¢evre dostu bir iiriin
gelistirilmigtir. [1]

Katmanlardan biri 'Yesil Polietilen Film'dir. 'Yesil' taniminin sebebi filmin hammaddesi olan
polietilenin fosil kaynaklar yerine yenilenebilir kaynak olan seker kamisindan elde edilmesi
ve %100 dogada parcalanabilen (kompostlanabilen) yapida olmasidir. Yesil-bio film iifleme
(blown) teknolojisi ile iretilirken makine dretim yoniinde oryante etme (MDO-Machine
Direction Orientation) teknolojisi ile nefes alma 6zelligi kazanmaktadir. Bu sayede ortamda
bulunan nemi(su buharini) disartya atabilme ve termal izolasyonu saglama 6zelligine sahip
olur. Bu nefes alabilen PE film katmanina 6zel bir baski yontemiyle termokromik indikator
aktarilir. Termokromik indikatdr, 1sinin kimyasal yapisinda meydana getirdigi degisiklikler
nedeniyle rengi degisen, gorlinmez hale gelebilen dis ortama karst oldukca hassas olan bir
pigmenttir. Bu 0zel gdosterge pigment viicut sicakligi 37 derecenin {lizerine c¢iktiginda
gorinmez hale gelmekte ve viicut sicaklifi normale dondiigiinde tekrar goriiniir hale
gelmektedir. Miirekkebin goriiniirliigli yoniinde yapilan gozlem ile ebeveynler ¢ocuklarinin
ates dereceleri hakkinda fikir sahibi olabilir ve {irlin ebeveynlere uyaricit bir mekanizma
gorevi gorebilir.

Diger katman olarak ise filmin nefes alma kapasitesini diisiirmeyen ve ipek efekti veren bir
1s1] baglanmis ve taraklanmig tiilbent esash ylizey kullanilmaktadir. Bu yiizey soya fasulyesi
protein liflerinden (SPF) iiretilmektedir. Bu lifler dogada ¢ozilinlir olmalarinin yani sira tek
yenilenebilir botanik protein lifidir. SPF, aminoasit sayesinde saglikli bir cilt i¢in besleyici ve
ultraviyole 1sinlarindan koruyucu o6zellikler saglamaktadir. Bu tiilbent esashi ylizey aymi
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zamanda mikrokapsiil icerigidir. Mikrokapsiiller, bir polimer kabuk igerisinde organik yag ve
maddelerden olusan ¢ok bilesenli karisimlardir. Fular yontemi(daldirma) ile emdirilen
mikrokapsiiller tiilbent esasli taranmig ylizeyin icine penetre edilmis olur ve viicut ile temas
ettiginde patlayarak dogal etkili sogutucu 6zelligi, nefes agic1 kokusuyla ferahlatici etki ortaya
cikarmaktadir. Mikrokapsiil emdirilmis tiilbent esash yiizey ile termokromik miirekkep baskilt
film tutkal aracilifiyla lamine edilmesi sonucuyla ortaya c¢ikar bebek oOrtiisii ebeveynlere
cocugun atesinin derecesi konusunda uyarici gosterge olmasi amaciyla gelistirilmistir.

Anahtar kelimeler: mikrokapsiil, nonwoven, film, miirekkep, bebek

Abstract

Fever is common in babies, but for a newborn, it can be signal of a dangerous infection.
Therefore, if a child under 2 months old has a fever of 38 degrees or higher, urgent
intervention is required. Viruses or bacterial infections often cause fevers in children. In such
cases, new parents may struggle to understand and perceive their baby's fever due to their
hormonal state, leading to stress and anxiety, as medically proven. In addition, it is also
important that situations such as simple fever can be easily detected and resolved in the home
environment.

Fever usually causes the baby to feel hot and it makes the baby flushed. Many babies become
irritable when they have a fever and they feel much better when the fever subsides. Pelsan
Textile has developed a special product that serves as both a warning for parents and a
comfort for the baby. This baby cover consists of two layers.

One layer is made of 'Green Polyethylene Film." The 'Green' designation is due to the film's
raw material, polyethylene, being derived from renewable sources such as sugarcane instead
of fossil fuels, making it a 100% biodegradable (compostable) product. Produced using blown
film technology, the green-bio film gains breathability through the use of Machine Direction
Orientation (MDOQO) technology. This layer features a print made with thermochromic ink.
Thermochromic ink is a highly sensitive pigment that undergoes a chemical change based on
temperature and external factors. When body temperature exceeds 37 degrees, the ink
becomes invisible, reappearing when the body temperature returns to normal. Observing the
visibility of the ink allows parents to gauge their child's fever.

The other layer is a thermally bonded, and carded nonwoven surface that does not diminish
the film's breathability and provides a silk-like effect. This surface is made from soybean
protein fibers (SPF), the only renewable botanical protein fiber that is soluble in nature. SPF,
through amino acids, offers nourishing and UV-protective properties for healthy skin. This
nonwoven surface also contains microcapsules. Microcapsules are multi-component mixtures
consisting of organic oils and substances encased in a polymer shell. Infused into the
nonwoven surface via the foulard method, the microcapsules penetrate the surface and, upon
contact with the body, burst, revealing a naturally effective cooling property with a refreshing
aroma. The baby cover, created by laminating the microencapsulated nonwoven with
thermochromic ink-printed film through adhesive, aims to serve as a warning indicator for
parents regarding their child's fever.
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1. GIRIS

Anne babalar i¢in ¢ocuklarmin sagligi her seyden onemlidir. Bebekler sikintilarimi sozli
olarak anlatamazlar. Bu nedenle anne babalarin bebeklerini iyi tanimasi ve bebeklerinde
meydana gelen degisiklikleri dikkatle takip etmeleri onemlidir. Ozellikle hastaliklarin ¢ok
artis gosterdigi ve daha agir gectigi bu donemlerde goézlem cok onemli bir konumdadir.
Hastalikla birlikte gelen ates uzmanlara gore en ¢ok takip edilmesi gereken belirtiler biridir.

Ates cocuklarda sik goriiliir, ancak yeni dogmus bir bebek icin ates, tehlikeli bir enfeksiyonun
isareti olabilir. Bu nedenle 2 aydan kii¢lik ¢ocuklarin atesi 38 derece ve iistiine ¢ikarsa hemen
acil servise bagvurulmasi gerekir. Cocuklardaki ateslerin ¢coguna viriisler neden olur. Cok
daha kiiciik bir kismina ise, kulak enfeksiyonlari, bogaz agris1 veya zatiirre gibi bakteriyel
enfeksiyonlar neden olur. Ayn1 sekilde yeni ebeveynlerin de hormonel durumlarindan dolay1
bebegin atesini anlamakta ve algilamakta gii¢liik ¢ektigi ve bu durumun stres ve kaygiya
sebep oldugunu tibben kanitlanmistir. Ayrica basit ates gibi durumlarin ev ortaminda kolayca
algilanabilmesi ve ¢oziime kavusmasi yine énemli bir husustur.[2]

Uzamig ates, yani bir haftadan uzun siiren ates veya tekrarlayan atesler, altta yatan kronik bir
hastaligin belirtisi olabilir. Bu nedenle ¢ocugunuzun doktoru ile goériismeniz gerekir. Yeni
dogmus bebekler 2 ayliktan kiiclikse ve rektal sicakligi 38 santigrat derece veya daha
yiiksekse yakindan takip edilmesi gerekmektedir. Bebekler mikroplarla savagsmak i¢in ates
cikarir. Bagisiklik sistemi, bebege zarar vermeden mikroplardan kurtulmasina yardimci olmak
icin viicut 1s1s11 yiikseltir. Ates bas agrisina veya viicut agrilarina, terlemeye veya titremeye
neden olabilir. Bazi ¢cocuklar atesle bas agris1 ¢ceker ve cogu istahin1 kaybeder. Bazi ¢ocuklar
normalden daha uykulu hissederler. Bir¢ok bebek atesi oldugunda huysuzdur ve atesleri tekrar
distiiglinde kendilerini ¢ok daha iyi hissederler. Pelsan  tekstil olarak, bu durumda
ebeveynleri uyarici ve ayni1 zamanda bebegi rahatlatic1 6zel bir tirtin gelistirilmistir.[2]

Mikrokapsiil destekli termokromik gostergeli bebek Ortiisii, bebegin 1sisin1 izlemek ve
diizenlemek i¢in tasarlanmis yenilik¢i bir {iirlindiir. Termokromik ekran teknolojisi ve
mikrokapstillerin kullanildig1 bu 6rtii, bebegin rahat kalmasini ve asir1 1sinmadan veya atesten
korunmasini saglar. Bebegin atesini takip etmek ve rahatin1 saglamak isteyen ebeveynlerin
olmazsa olmazi serinletici bir bebek ortiisiidiir. Bu iiriin, sicaklik regiilasyonu i¢in etkili bir
¢ozlim saglamak iizere termokromik gosterge teknolojisi ve mikrokapsiilleri igerir.

5 ayrn teknoloji kullanilarak nihai seklini alan bu iirlin ayrica 2 ayr nitelikte barindirmaktadir.
Son teknoloji blown film hattinda {iretilen filmin hammadde biyo-bazli polietilen olmasiyla
dikkat ¢ekmektedir. Nefes alabilen mikro gézenekler i¢eren bu katman ates sebebiyle olan
terlemeyi de ciltte tutmayarak buhar seklinde disar1 atabilmektedir. Uzerinde bulunan
termokromik miirekkep baskisi ile 37°C iizerinde goriiniirliiglinii kaybetmesi sebebiyle
ebeveynlere atesin ortalama derecesi hakkinda gdzlem yapma sansi tanimaktadir. Ikincil
tiilbent esash yiizey katmaniyla ipeksi bir yumusakliga ulasan iirtin bebeklerin anne kollarinda
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gibi rahat hissetmelerini saglamaktadir. Ayrica bu ylizey soya fasulyesi protein liflerinden
(SPF) tiretilmektedir. Bu lifler dogada ¢oziiniir olmalarmin yani sira tek yenilenebilir bitkisel
kokenli dogal protein lifidir. SPF, igerdigi 14 farkli aminoasit sayesinde saglikli bir cilt i¢in
besleyici, faydali ve antibakteriyel yapisindan dolay1 ilave koruyucu 6zellikler saglamaktadir.
Ek olarak 6zel uygulanan fular yontemi sayensinde igerdigi ferahlatict mikrokapsiiller ile
bebegin rahatlamasina yardimci olur, uyku kalitesini artirir ve agriy1 hafifletir.

Mikrokapsiil destekli termokromik gostergeli bebek ortiisii hem bebege hem ebeveynlere
sayisiz fayda saglar. Bebek icin optimum sicakligin korunmasima yardimci olurken, asiri
1sinmay1 ve atesi Onler. Bebegin 1s1s1i diizenleyerek daha iyi uyku ve genel refah saglar.

2. MALZEME VE YONTEM

Mikrokapsiil destekli termokromik gdstergeli bebek ortiisii 2 katmandan olusmaktadir. Ust
katman polietilen hammaddeli bir blown film iiriiniidiir. Bu katmana temokromik indikator
kullanilarak flekso baski yapilmistir. Alt katman ise polipropilen ve soya lifinin
harmanlanmasiyla taraklanarak tiilbent formuna getirilmis ve sonrasinda iki sicak kalender
yardimiyla noktasal 1s1l baglanmis yiizeydir. Bu yiizeyde fular yontemi kullanilarak ,bir
polimer kabuk igerisinde organik yag ve maddelerden olusan c¢ok bilesenli karisim olan
mikrokapstil penetre edilmistir.

2.1.Polietilen Filmin Hammadde Ozellikleri

Uriiniin alt tabakasinda kullanilan polietilen film ‘Green Polietilen Film’ olarak adlandirilir.
‘Green’ olarak adlandirilmasinin nedeni, filmin hammaddesi olan polietilenin fosil kaynaklar
yerine yenilenebilir bir kaynak olan seker kamisindan elde ediliyor olmasidir. Green
polietilen, film ozellikleri olarak fosil kaynaklardan iretilen filmlerin &zeliklerini
karsilamaktadir. Buna ek olarak, green polietilenin dogada ¢6ziiniir ve giibrelesebilir olmasi
onu doga dostu yapmaktadir. Ornegin, bir ton yesil polietilen atmosferden 3.9 tona kadar CO2
emebilir. Boylece zararli sera gazi etkisinin azaltilmasinda yardimci olur. Ayrica, green
polietilenden iiretilmis triinler kullanim Omiirlerinin onunda %100 geri doniistiiriilebilir. Bu
ylzden, yesil polietilen, hayatimizin her alanin kullanilan fosil kaynakli polietilen yerini
tamamen alabilir.[3]

Yeni yatirrm gerektirmeyen ‘green polietilen film’ blown teknolojisi ile iiretildi. Ik olarak
dolgu maddesi ile green polietilen compoundu haline getirildi. Daha sonra, filme blow
hattinda tiretilirken MDO teknolojisi kullanilarak nefes alma 6zelligi kazandirildi. [3]
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Sekil 1. Filmin Nefes Alma Mekanizmasi

2.1.1. Polietilen Film Uretim Teknolojisi

Blown film teknolojisi, polietilen veya diger hammaddelerden MD(makine yoniinde) ve CD
(makinenin eni yoniinde) yonlerde gerdirilerek, degisik kalinliklarda film {retmek igin
kullanilan yaygin bir yontemdir [3]. Ekstriiderlerde eritilip tekrar karigan polietilen
hammaddesi ¢cember sekliden kafaya tasinir ve film kalibindan gecirilir. Kaliptan gegen film
yukart dogru iflenir. Kaliptan uzaklagmaya baslayan film yukar1 ¢iktik¢a sogur, gerilir ve
katilagir. Makinanin kulesinde asagi yonde inmeye baglayan film MDO iinitesine girer.
Unitenin baginda biraz 1sitilir sonra gerdirilir. Bu gerdirme sirasinda filmde dolgu kaynakl
mikro gozenekler agilir ve film nefes alma 6zelligi kazanmis olur. Asagi inip sariciya sarilan
film istenilen alanda kullanilmaya hazirdir [3].

=

2+ AR

Sekil 2. MDO’Iu Blown Film Uretim Hatt1

e
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2.2. Termokromik Miirekkebin Ozellikleri

Termokromizm kelimesi renk(kromos) ve sicaklik(termos) kelimelerinden gelir. Optik(renk)
ozellikleri sicakliga gore degisen bir boyadan olusan bir malzemede bulunan fiziksel bir
mekanizmadir. Bu termokromik malzemeler maruz kaldigi 1s1 boyutuna gore aktiflesir ve renk
degistirirler.

Gergekte bu miirekkeplerin c¢alisma seklinin arkasinda bazi temel bilimler var. Teensy
kapsiilleri renklendirici pigment, organik ve ¢oziicl igerir genellikle. Coziiclinlin 1sindig1
durumda renklendirici pigment ve asit ayrilir ve renk gdoriiniirliigiinii kaybeder. Diisiik
sicakliklarda kat1 fazda bulunan solvent bu durumda renkledirici pigmenti ve asidi birbirine
yakin tutar. Bu sayede 1s1k yansilitir ve renk goriiniir olur. Sicakliga maruz kalmanin ardindan
renk tamamen eski haline doner. Fakat her termokromik miirekkep farkli renge sahip oldugu
gibi farkli sicaklik araliklarinda renk degistirirler. Bunun sebebi farkli tiplerdeki
miirekkeplerin farkli aktivasyon sicakligina sahip olmasidir. [5]

Ornegin, 1stya dayanikli emaye bunun icin ayarlanan aktivasyon sicakligma isitildiginda,
pigment renksiz olur ve dereceler diisiiriildiigiinde orijinal durumuna geri déner. izin verilen
sicaklik degisimi - 15 ila + 70 santigrat derece. + 20 derecenin altinda - maddeyi alkolsiiz
icecekler i¢in kullanilacak yemeklere uygulamak igin. + 29 ... + 31 derece - viicut sicakligina
maruz kaldiginda (dokunuldugunda) renk degistirecek yiizeyler i¢in uygundur. Bu etkinin
kullanimi reklam amagch, tisortlerde, dergilerde ve kitapgiklarda yaygin olarak
kullanilmaktadir. + 43 derecenin iistiinde - sicak sicaklikla etkilesime girecek iiriinler (sicak
icecekler i¢cin yemekler) i¢in tasarlanmis malzemeler. Tim bu Ornekler dogrultusunda bu
miirekkepler daha ¢ok dekoratif amacli olarak degil islevsel amaclarla kullanilmaktadirlar.[4]

Termokromik miirekkep, 1sinin kimyasal yapisinda meydana getirdigi degisiklikler nedeniyle
rengi degisen ve dis ortama karsi oldukca hassas olan bir pigmenttir, bu nedenle
tekrarlanabilir dayanikliligi artirmak igin mikro kapsiillenmistir.[5]. Termokromik
miirekkebin bir¢ok rengi vardir ve renk degistirme sicaklig1 serbestce ayarlanabilir, boylece
renge veya sicakliga bagl olarak istediginiz gesitli {irinleri elde edebilirsiniz. Termokromik
miirekkebi 1sittiginizda miirekkebin igindeki malzemenin yapisinda degisiklik meydana gelir
ve rengi kaybolur, sogutuldugunda ise kendi rengine geri doner.

Renk degistirme sicakligi: 0~70°C

Basilabilir film: PET, OPP, PE, Naylon, Kagit vb..

Termokromik miirekkepler iiretim esnasinda 3 ana malzemeden ve yardimci malzemelerden
olusur. Polimerler, c¢oziicii ve renk veren pigmentler. Asagidaki listede kullanilan
hammaddeler kullanilarak olusturulan termokromik miirekkep oOrneklerde gordiigiimiiz
amaclar disinda kullanilacagi i¢in 6zel olarak formiile edilmistir.

Kimyasal Karakterler.

Polyoxymethylenemelamine

Styrene maleic anhydride monomethyl - maleate polymer
Methy| palmitate
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Ethyl stearate
Blue-63

Ethanol

Cellulose Resin
Maleic Acid Resin
Polyvinyl Butyral
Ethyl Acetate
2-propoxy Ethanol

Tim miirekkep ve boyalarda oldugu gibi yliksek oranda etanol ve etil asetat gibi ¢oziiciiler
icermektedir. Polimerler ve renk veren pigment oranlart oldukg¢a diisiiktir. TABLO 1°de
gordiiglinliz tabloda seri iiretimde iretilmis termokromik miirekkeplerin renkleri ve hangi
sicaklik araliklarinda goriintir olup olmadiklar1 bilgisi verilmistir. Renkler ve sicaklik
araliklart miirekkebin kullanilacagi yerin islevine gore karar verilmektedir.

.............

0| 5] 80| 12|15]18| 20|22 25|28 |31 |33|35(37| 40| 45|50 |55|60)| 65|70

Tablo 1: Termokromik Miirekkepler ve Aktivasyon Sicakliklar
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Termokromik gostergeli bir iiriin olusturma fikri ile yapilan arastirmada iiretici firma iletisime
gecildi. Bunun bir bebek ortiisiinde kullanilacagi ve ayni zamanda ates kontrol iglevi gérmesi
amaciyla termokromik miirekkep secimi agsamasina gegildi.

Yeni dogan doneminde donemde bir¢cok yeni dogan bebegin atesi diistiktiir. Ancak atesin 38
dereceye cikmasi halinde yenidogan atesi denilen durum ortaya cikabilir. Ebeveynlerin bu
konuda bilgilendirilmesi bebegin saglig1 a¢isindan son derece dnemlidir.

Yenidogan atesi, 0-3 aylik bebeklerde goriilen ve viicut 1sisinin 38 dereceye yiikselmesi
sonucu ortaya ¢ikan bir durumdur. Bebegin bagisiklik sistemi heniiz tam olarak
gelismediginden enfeksiyonlara karst korumasi zayiftir ve ates ¢ikmasi durumunda acil
miidahale edilmesi gerekir. Bebegin sagligi acisindan dnemlidir.

Yenidogan atesi, bebegin kendini sicak hissetmesi, uykulu olmasi veya uykusuzluk,
istahsizlik, huzursuzluk gibi belirtilerle kendini gosterebilir. Ebeveynler bebegin viicut 1sisini
termometre kullanarak kontrol etmeli ve 38 derecenin iizerinde bir deger gordiiklerinde
hemen doktora basvurmalidir.

Yeni dogmus bebekler 2 ayliktan kiiclikse ve rektal sicakligi 38 santigrat derece veya daha
yiiksekse yakindan takip edilmesi gerekmektedir. Bu ylizden, 38 santigrat derece ve
tizerindeki sicakliklarda goriiniirliigii kaybolan bir termokromik miirekkebe ihtiya¢ duyuldu.
Daha 6nce bu amagla kullanilmayan termokromik miirekkep icin yeni bir ¢alisma baglatildi.
Oncelikle tablodan bir secim yapildi ve¢ DARKBLUE rengi secildi. Sonrasinda aktivasyon
sicakligi i¢in formiil caligmasi yapildi. Ayn1 zamanda 10 tekrara kadar kullanilmasi istendigi,
kullan-at olmayan bir iiriin olmasi i¢in kullanim ve temizleme sonucu deforme olmayan, hala
caligabilen bir baski olmasi nedeniyle pigment ¢esidi ve formiilasyondaki miktar bu sekilde
caligildi.

Buna ek olarak, bebek oOrtiisii i¢in kullanilmasi sebebiyle biyo-bazli maddeler kullanilmasi
hedeflendi. Boylece, cilde temas halinde herhangi bir rekasiyon olma ihtimali sifira indirildi.

Formiil Aktivasyon Sicakhgi
Formiil 1 39 °C
Formiil 2 34 °C
Formiil 3 38 °C

Tablo 2: Formiilasyon Deneme Sonuglari

3 ana formiil denemesi sonunda istenilen aktivasyon sicaklia ulasildi ve 6n deneme igin seri
iretim gergeklesti. 30 kg termokromik miirekkep ile 6n seri denemesi yapildi.

Yapilan formiilasyon c¢alismalarinda, regine ve pigment basta olmak {izere istenilen
sicakliktaki renk deisimi hedeflenerek degisiklikler yapildi. Zaman zaman formiile ilave

96



International Conference on Materials Science and Manufacturing (ICMSM 2023)

katkilarda eklendi fakat ¢alismalar neticesinde yukaridaki listede yer alan girdilere karar
verilmistir.

2.2.1. Termokromik Miirekkebin Baski Teknolojisi

Flexo baski yontemi kullanilarak termokromik miirekkep bio bazli polietilen filme basildi.
Bu baski teknigi i¢in kullanilan kaliplar, esneme 6zelligine sahip olan kaliplardir. Esnek olan
klise (kalip) kolayca egilip biikiilebilir durumdadir. Klise, ¢ift tarafli bant kullanilarak kalip
silindirine montelenir. Tramli1 merdane, miirekkep haznesi i¢inde doner ve miirekkep silindire
yiklenir. Daha sonra siyirici, kligenin yiiksek yerlerine yiiklenen miirekkebi siyirir. Ardindan
baski yapilacak malzeme, graviir silindiri ve baski silindiri arasindan gegerken kanallarda
kalan miirekkep baski malzemesine aktarilarak goriintii ¢ikarilmis olur.[3]

. Baskialti Malzemesi
-

Tambur
/ {Baski Silindiri)
’ Fotopolimer

w Klise

|
Murekkep Haznesi

:

Marekkep Dolu Anilox Merdane  Miirekkep Alan Kisimlar
Hiicre Cukurlan

Sekil 3: Flexo Baski Teknigi Gorseli

Biyo-bazli ve hassas bir miirekkeple calisilmasi sartlarinda flexo baski yontemi ile yapilan
baskida verimin daha yiiksek olacagi diisiincesiyle bu teknik kullanilmaya karar verildi. Bask1
icin kullanilacak klisenin bebek Ortlisliniin iglevine uygun olmasi g6z Oniinde
bulunduruldugunda, devamli ve olabildigince yogun bir desen kullanilmasi yoniinde se¢im
yapildi. Daha sonra bask1 gergeklestirildi. [3]
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Sekil 4: Lokal Is1 Uygulanmis Baskili Film Numunesi Gorseli

Deneme sonrasinda yapilan testlerde termokromik miirekkebin istenilen sicakliklar ¢alistigi
gozlemlendi. Yapilan rub-off (miirekkebin siddetini kaybetmesi) testi ile tekrar tekrar
kullanilabilirlik testi yapildu.

2.3. Taranmis, Isil Baglanms Tiilbent Esash Yiizey Uretimi (Carded Thermo Bonded
Nonwoven)

Thermobond nonwoven liretiminde genel olarak kesikli sentetik, rejenere, bikomponent ve
farkl kesit yapilarina sahip dogal lifler bir dize islemlerden gecerek tiilbent esaslt ylizey elde
edilmektedir. Bu islemler asagida verilmistir;

- Elyaflara, elyaf agma tinitesinde 6n agma isleminin uygulanmasi,

- Besleme iinitesinde hava yardimu ile karistirilmasi,

- Karigtirilan elyaflara silindir ve tamburlar yardimiyla tarama islemi uygulanmasi,
- Taranan elyafin yiiksek sicaklik ve basing ile kalender iinitesinde kalenderlenmesi,

- Son olarak da kalenderlenen elyafin 1s1l kaynak noktalari araciligiyla sabitlenerek
thermobond tiilbent esasl ylizeyin elde edilmesi.

Elyaf agma isleminde elyaflar, elyaf agma iinitesinde, tercihen mekanik olarak, 6n agma
islemine tabi tutulur. Ardindan toplayici, karistirici silindirlere gelir ve elyaf depoya
gonderilir. Elyaf besleme isleminde agilan elyaflar, depodan besleme iinitesine gelir. Burada
elyaflar havalandirilarak karistirilmaktadir. Daha sonra besleme silindirlerine ve ardindan
tarama islemi i¢in banda serilmektedir. Tarama isleminde banda gelen elyaf karigimlari
belirlenen gramaj (g/m?) ayar ile farkli ¢aplarda, farkli hizlarda, farkli yonlere, farkli teknik
donanimlarda organize olmus silindirler ve tamburlardan olusan bir sistemde, paralel ve
capraz yonde agilarak serilir, farkli sayida aktarma tamburu ile bant sistemine y&nlendirilir.
Baglama isleminde taranmis elyaflar, aktarma bant1 iizerine tek bir doku seklinde organize
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edilerek birlestirilmektedir. Taranmis doku icten yag 1sitmali kalender iinitesine iletilmektedir.
Elyaf, uygun sicaklik, basing ve hiz degerlerinde sicak diiz kalender ve sicak desenli kalender
arasindan gegirilir. Taranmis doku, yiiksek sicaklik ve basing ile kalenderlenerek, 1s1l kaynak
noktalar1 araciligiyla sabitlenir ve taranmis thermobond nonwoven olusur.

Bu projemizde kullanilmak iizere yapilan arastirmalar neticesinde hem fular sisteminde hem
de laminasyon sisteminde optimum ¢alisacak 26 gsm nonwoven iiretimi gerceklesti. Ayrica
yine yapilan incelemelerde bebegin ipeksi ve yumusak hissetmesi i¢in 26 gsm CTB NW nin
uygun olacagi kanisina varildi. Tutkal kullanimin1 azaltmak ve laminasyonda proses kolayligi
saglamak i¢in de 25-26 gsm tiilbent esash yilizeylerin uygun olacag tespit edildi. Bu iiretim
ayni elyaf ¢esidinin 3 farkli ireticisinin elyaflar1 kullanilarak yapilmistir. Asagidaki tabloda
elyaf cesitleri ve kullanimlar1 hakkinda bilgiler verilmistir.

Harman 1:
Elyaf Ad1 Renk Ham. Oram (%)
2,9%60 PP M. BEYAZ 30,0
2,8*60 PP K. BEYAZ 50,0
Soybean protein fiber RAW 20,0
1.5D*38mm
Harman 2:

Elyaf Adx Renk Ham. Oram (%)
2,9*%60 PP M. BEYAZ 20,0
2,8*%60 PP K. BEYAZ 50,0

Soybean protein fiber RAW 30,0
1.5D*38mm
Harman 3:

Elyaf Ad1 Renk Ham. Oram (%)
2,9*%60 PP M. BEYAZ 30,0
2,8*60 PP K. BEYAZ 60,0

Soybean protein fiber RAW 10,0
1.5D*38mm

Tablo 4: Kullanilan Elyaflar ve Kullanim Oranlar1

Bu tiretim %80 polipropilen elyaf VE %20 Soya lifi kullanilarak ger¢eklestirildi. %20 olarak
tercih edilmesinin sebebi ise tarak hattinda yapilan gézlemleme de ¢aligsma kosullarinda en iyi
performansi aldigimiz harman olmasi ve test degerlerinin beklenen kriterlerde gelmesidir.
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Elyaflarin balyalardan ayrilma ve diizglin bir sekilde karistirilma islemi sonrasinda elyaflar
taraklama isleminden gecerek {iriiniin gramaj ayar1 yapildi. Sarimin bagladig: ilk kisimlardan
ornek numune alinarak gramaj kontrolii yapilmistir ve bu deger istenileni (26 g/m?)
yakalayana kadar bir siire devam etti. Asagidaki tabloda ¢alisma parametreleri verilmistir;

Proses Parametreleri | Degerler
Alt Sicaklik (°C) 152,00
Basing (N/mm) 80,00
Diizeltme 0,00

Hiz (m/dak) 70,00
Ust Sicaklik (°C) 160,00
Ana Tambur (m/dak) | 1000,00
Doffer (D) 35,00
Random(m/dk) 1100,00
Cekme Hizi (m/dk) 40,00

Tablo 5: Calisma Parametreleri

Taraklanmis 1s1l baglanmis tiilbent esasli (Carded Thermo Bonded-CTB) nonwoven iiretimi
gergeklestikten sonra nihai iirline Zwick Tensile Tester / Lister ve Run-off cihazlarinda gerekli
teknik ozellikleri saglayip saglamadigini kontrol etmek amaciyla bazi testler yapildi ve bu
testlerin sonuglar1 asagidaki tabloda verilmektedir. Yapilan tiim testter EDANA NWSP
standartlarinda gerceklestirilmistir.

TESTLER Ortalama Deger

Gramaj [g/m?] 26,00

Kopma Mukavemeti MD [N/5cm] | 47,10

Kopma Mukavemeti CD [N/5¢cm] 20,30

Kopma Uzamasi  MD [%] 71,30
Kopma Uzamasi CD [%] 94,20
Strike Through [s] 1,54
Rewet [g] 0,08
Run-Off [g] 0

Tablo 6: CTB Uriine Yapilan Testler ve Sonuglar
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2.4. Fulard Ve Mikrokapsiilasyon Yontemi

Mikrokapsiilasyon (microencapsulation) veya mikrokapsiil olusturma islemi, ¢esitli kimyasal
maddelerin uygun bir kabuk (film) icerisine farkli hallerde (kat1, s1vi, gaz) hapsetme islemidir.
Iceride bulunan etkin maddeye ¢ekirdek, kaplama kismma ise ¢eper veya kabuk adi
verilmektedir. Genel olarak 3-800 pum boyutuna sahip olanlar mikrokapsiil olarak
adlandirilmaktadir.[6]
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Sekil 5: Mikrokapsiillerin Farkli Konfigiirasyonlar1 ve Morfolojileri [6,7]

Mikrokapsiil morfolojileri icerisindeki ¢ekirdek maddesine ve uygulanan mikrokapsiilasyon
islemine gore farklilik gostermektedir. Sekil 5‘de de gosterildigi lizere mikrokapsiiller farkl
konfigiirasyonlara ve morfolojilere sahip olabilirler. Tek cekirdekli olanlarda kabuk kismi
cekirdegi kesintisiz bir sekilde ¢evrelemektedir. Cok cekirdeklilerde ise ¢ekirdek kisim kabuk
kisminin igerisinde rastgele bir bicimde dagilmaktadir. Matriks tipi mikrokapsiillerde ise
cekirdek, kabugun igerisinde homojen bir sekilde dagilim gostermektedir. [8]

Mikrokapsiilasyon yonteminin kullanim alanlari oldukg¢a genistir. En yaygin kullamildig:
alanlar ila¢ endiistrisinde; ilaglarin stabilitesini artirmak, gida endiistrisinde; gidalarin raf
omriinii artirmak ve besin degerlerini korumak, kozmetik endiistrisinde; kozmetiklerin tadini
ve kokusunu iyilestirmek, tarimda; bitkilerin biiylimesini ve gelismesini desteklemek
amaclariyla kullanilmaktadir. [8]

Bunlarin yaninda tekstil alanindaki kullanimi da olduk¢a onemlidir. Tekstil yiizeyleri insan
yagsaminda her alanda kullanilabilen ve en Onemlisi cilt ile temas halinde olabilen
materyallerdir. Bu sebeplerden dolayr bu tekstil {irlinlerinin olabildigince islevsel olmasi
cokca fayda saglamaktadir. Tekstil malzemelerine bu fonksiyonel 6zellikleri kazandirmak i¢in
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kullanilan yaygin yontemlerden bir tanesi mikrokapsiilasyon teknigidir. Aleve dayanikli ve
ge¢ tutusan malzemeler, antimikrobiyal Ozelligindeki ajanlar, boyalar ve farkli kokular
bunlara drnek olarak gosterilebilir. Tekstil yiizeyine entegre edilen bu mikrokapsiiller, {iriinii
kullanim esnasinda bir dis etken ile karsilastiginda (basing, sicaklik vb.) mikrokapsiiliin dis
katmani olan kabuk kismi patlayarak icerisinde bulunan etken madde serbest hale gelir.
Kabugun deformasyonu yavas bir sekilde gerceklestigi icin lriine vermek istedigimiz
0zelligin siiresi uzun siireli hale gelmis olmaktadir. [8]

MMMMMMMMMMM

Sekil 6: Mikrokapsiilasyon ¢alisma mekanizmasi [9]

Bu projede kullanilan mikrokapsiiliin 6zellikleri agagidaki tabloda verilmistir:

Ticari Adi MICROCAPSULE (X)

Kullanim Alam Her ¢esit tekstil iirtinii i¢in kullanima uygundur.

- Kendine 6zgii mentol kokusu
Ozellikleri - [liman yikamalara dayanikl
- Deri yiizeyinde serinlik hissi olusturma

- Kolay nefes almayi saglayan etkin yapisi

Teknik Veriler pH degeri yaklasik 5,0 - 7,6

Tablo 7: Mikrokapsiil (x)’in Ozellikleri

Mikrokapsiil uygulamasmin yapilma amaci, bebeklerde hastalik durumlarinda, ates artisi
gerceklestiinde bu mikrokapsiiller patlayarak etkilerini goOstermeye baglarlar. Ve
patladiklarinda kullanmis oldugumuz mikrokapsiiliin igeriginde bulunan etkin maddeler
sayesinde etrafa hos bir mentol kokusu yayarlar ve bebegin cildinde bir serinlik hissiyati
uyandirirlar.  Mikrokapsiilasyon — yonteminin  kullanilmasinin ~ bir  diger etkisi ise
mikrokapsiillerin deformasyonunun bebegin hareketleri karsisinda tek seferde olmamasi ve
verdigi etkilerin uzun siireli olmasidir.

Hazirlanacak olan mikrokapsiil igerikli ¢ozeltinin bizim nonwoven ylizeyimize istenilen
sekilde emdirilebilmesi i¢in baglayici (binder) kullanilmalidir. Aksi taktirde mikrokapsiiller
liflerin iizerine yerlesip orada kalamaz ve istenilen sonuca ulasilamaz.
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Mikrokapsiillerin tekstil yilizeyine emdirme islemi fular yontemi ile gerceklesmistir. Fular
yontemi, tekstil iiretimlerinde {rliniin fonksiyonelligini arttirmaya yonelik islemleri
uygulayabilmek i¢in kullanilan bir yontemdir.

Sekil 7: Fulard Yonteminin Sematik Gosterimi

Sekil 7°de gosterildigi tlizere, fular (emdirme) yontemi nonwoven’in silindire (1) gelmesiyle
baslamaktadir. Silindirden gecen {iiriin Daldirma Silindiri (2) yardimi ile Mikrokapsiil iceren
stvi (4) ile dolu olan Fular Tankina gelir. Fular tankina aktarilan nonwoven mikrokapsiil
iceren s1v1 ile bulugsmaktadir. Bu islemde m? basina 0,5 - 1000 gram (liriine bagli) araliginda
olacak sekilde emdirme islemi uygulanabilmektedir. Fular tankindan ¢ikan iirlin iizerinde
fazla kalan miktarlar ise Stkma Silindiri (5) yardimu ile alindiktan sonra Kurutma Islemine (6)
tabi tutulmaktadir. Daha sonra {iriin ruloya sarilarak islem tamamlanmais olur.

Mikrokapsiil uygulamas: i¢in 6ncelikli olarak kapsiil kullanilmadan 6nce kendi igerisinde
tyice karisimi yapildi. Binder’in igerisine kapsiil karisimi yavas yavas eklenerek ve yiiksek
devirli mikserler yardimi ile karistirilarak isleme devam edildi. Cokeltilerin olugsmamasi i¢in
bu kisimlar oldukc¢a onemlidir. Asagida kullanmis oldugumuz binder ve kapsiil oranlarinin
hesaplanis1 verilmistir;

Cozelti (kapsiil ve binder) konsantrasyonu (g/1) = (KMx100 000) / (KAxPU)
Binder miktar1 = Cdzelti konsantrasyonu(g/l) x 0.20

KM: metrekareye uygulanacak kapsiil miktar1 olup

Kokular i¢in 2-2,5 g/m?

KA: Kumasin gramaji (g/m?)

PU: Alinan banyo orani (pick-up %)

Cozelti (kapsiil ve binder) konsantrasyonu (g/1): (2x100000) / (26x70) = 109,9 g/l
Binder Miktari: 109,9 g/l x 0,2 = 21,8 g/l
Kapsiil Miktari: 88,1 g/l
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Kumagin her yerine esit miktarda kapsiil uygulayabilmek i¢in fular tankinin seviyesi en diigiik
seviyelerde tutuldu ve siirekli takviye (dozajlama) islemi yapilarak devam edildi. Uygulama
islemi bittikten sonra 120-140°C’de kurutma yapildi.

Baz1 sektorlerde, bir iiriin kullanima hazir olsa bile hemen tiiketiciye ulastirilmaz. Bazi
sektorlerde de iiriin tek basina bir anlam Bu nedenle s6z konusu iiriine son bir dokunus daha
yapilir. Iste 0 son dokunus, pek ¢ok iiriinde lamine etme islemidir.

2.5. Laminasyon islemi

Laminasyon, kullanildigi sektorlerdeki tiriinlerin daha kaliteli, daha saglam, daha dayanikli,
daha modern ve islev degisikligi olmasini saglayan bir teknolojidir. Kisaca; birbirinden farkli
birden fazla materyalin 1s1 ve/veya bir gesit yapistirici yardimiyla, basing uygulanarak bir
araya getirilmesidir. islem 6ncesi elde pek ¢ok katman bulunur ve bu islem yapildiktan sonra
ortaya tek katmanli bir iriin ¢ikar. Laminasyon islemini yapmanin pek ¢ok farkli yontemi
mevcuttur. Gelistirilen bu yontemlerin uygulanis sekli birbirinden farkli gibi goriinebilir. Bu
fark, trlinler ozelinde degiskenlik gosterir. Dolayisiyla bu igleminin nasil yapildigi,
uygulandig sektor ve iiriine gore degisir. [10]

Ana malzeme bazen ortada, bazen en altta, bazen de en dstte bulunabilir. Yontemine gore
degiskenlik gostermekle birlikte kaplama ya da birlestirme islemi seklinde uygulanabilir.
Birlestirme islemlerinde genellikle birbirine benzer malzemeler kullanilir. Fiziksel olarak ayni
sekil ve boyutlara sahip olan bu malzemelerin arasina gerekli durumlarda yapistirict bir
madde de eklenebilir. Gii¢lii bir sekilde basim yapabilen bir makine ile s6z konusu
malzemeler bir araya getirilir. [10]

Baz1 sektorlerde, bir iiriin kullanima hazir olsa bile hemen tiiketiciye ulastirllmaz. Bazi
sektorlerde de iiriin tek basina bir anlam Bu nedenle s6z konusu iiriine son bir dokunus daha
yapilir. Iste 0 son dokunus, pek ¢ok iiriinde lamine etme islemidir. [10]

Bu projede ¢ift tarafli yapisma oOzelligine sahip olan yapistiricilar (tutkal) kullanilarak
laminasyon islemi gergeklestirilmistir. Ekstra bir ilave kullanilmadan sadece tutkal ile
yapistirma tekniginin kullanilmasiyla filmin ve tiilbent esasli yilizeyin birbirine eklenmesi ile
gerceklesmektedir. Bu islem ‘Hotmelt Laminasyon’ olarak adlandiriimaktadir. Kullanilan
tutkal film ile tiilbent esasli ylizeyin arasina siiriilmektedir. Laminasyon uygulamasi sirasinda
yiiksek derecede 1s1 ve basing tabakalarin birbirine yapismasini saglayarak tamamen tek bir
katman haline gelmesine yardimci olmaktadir. Ozellikle tekstil iiriinlerinde Hot Melt
Laminasyon teknigi siklikla uygulanmakta olan bir sistemdir.
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Kontrol Parametreleri Deger
Kazan Ust Sicaklig1 (°C) 140
Kazan Alt Sicakligi (°C) 140
Hortum Sicaklig1 (°C) 150
Kafa Sicakligi (°C) 150
Tutkal Gramaj 2.0
Nonwoven A¢ma Tan. 10.0
Film A¢ma Tan. 5.0

Tablo 8. Laminasyon Uretim Parametreleri

Film + NW
GSM 41,9
Tensile Strength at Break MD (N) 47,7
Elongation at Break MD (%) 50,83
Tensile Strength at Break CD (N) 10,2
Elongation at Break CD (%) 111,79
WVTR (gm/(m?-giin) 800
Hydrohead 2160
Peeling 2,13

Tablo 9. Laminasyon Uygulandiktan Sonraki Teknik Ozellikler

Laminasyon islemi tamamlandiktan sonra nihai {iriine Zwick Tensile Tester, Mocon,
HydroTester cihazlarinda gerekli teknik ozellikleri saglayip saglamadigini kontrol etmek
amaciyla testler gergeklestirilmistir.

3. Sonuglar ve Tartisma

Mikrokapsiil destekli termokromik gostergeli bebek ortiisii hem bebege hem ebeveynlere
sayisiz fayda saglar. Ferahlatic1 bebek oOrtlisiiniin igine yerlestirilen termokromik gosterge,
bebegin sicakligina gore goriinmez hale gelir. Bebegin atesinin belirli bir esigi agmasi
durumunda ebeveynleri uyaran bir erken uyari sistemi gorevi goriir. Kilfin icindeki
mikrokapstiller 1s1y1 emip serbest birakarak bebege dengeli ve rahat 1s1l denge saglayarak bu
sayede bebegin rahat nefes almasina ve hayat konforuna yardimci olur. Bebegin rahatlamasina
yardimci olur, uyku kalitesini artirir ve agriy1 hafifletir.

Indikatorlii ferahlatict bebek ortiisii bebegin gdgiis kismina, alin bolgesine ya da ebeynlerin
tercihine bagl olarak dogrudan cilde temas edecek sekilde yerlestirilmelidir.

Uriinde kullanilan hammaddelerin tamami biyo-bazli olmasiyla bu &rtii dikkat cekmektedir.
Filmin hammaddesi olan polietilenin fosil kaynaklar yerine yenilenebilir kaynak olan seker
kamigindan elde edilmesi ve %100 dogada parcalanabilen (kompostlanabilen) yapida
olmasidir. Ikincil tiilbent esash yiizey katmaniyla ipeksi bir yumusakliga ulasan {iriin
bebeklerin anne kollarinda gibi rahat hissetmelerini saglamaktadir. Ayrica bu yiizey soya
fasulyesi protein liflerinden (SPF) iiretilmektedir. Bu lifler dogada ¢6ziiniir olmalarinin yani
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sira tek yenilenebilir bitkisel kdkenli dogal protein lifidir. SPF, icerdigi 14 farkli aminoasit
sayesinde saglikli bir cilt i¢cin besleyici, faydali ve antibakteriyel yapisindan dolay: ilave
koruyucu Ozellikler saglamaktadir. Ek olarak, kullanilan termokromik indikatdr ve
mikrokapsiiller biyo-bazli hammaddelerden iiretilmislerdir.

Sonug olarak, ates derecesi gostergesi ve ferahlik verici hissiyle 2 biiyiik isleve sahip olan
mikrokapsiil destekli termokromik gostergeli bebek oOrtiisii ebeveynlere uyari niteliginin
yaninda dogadan gelen hammadde bilesenleri ile de dikkat ¢ekmektedir.
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Abstract

In today's world, the automotive industry brings us lots of useful innovations, however these
also add carbon footprint to the earth landscape. The main purpose of this study is to find
alternative materials to reduce the usage of polypropylene which have been commonly used
for automotive interior parts. Furthermore, decreasing carbon emission is another important
point which have to be considered in this area. In this work, compatibilized wollastonite (W)
filled polypropylene (PP) foam composites were prepared with a twin-screw extruder. In
addition, sodium bicarbonate used as chemical foaming agent (CFA) was included in PP/W
composites at different amounts in the aim to reduce the weight whereas W was used to
improve the mechanical properties of the foam composites. The proportions of chemical
foaming agent were fixed as 1, 1.5 and 2 wt.% and the proportions of W were set as 2.5 and 5
wt.%. Subsequently, the standard test specimens have been acquired through a hot press
machine and the microstructure and chemical structure analyzes were performed. From the
results, the microstructure analysis showed that the use of a hot press caused different cell
shapes and an inhomogeneous distribution of the cells. The chemical structure analysis
demonstrated that no new formation was observed in all foam composites.

Keywords: Polypropylene, Chemical Foaming, Wollastonite

1. Introduction

A polymer is formed by chemically bonding multiple molecules into a structure composed of
repeating units. Polymers are created by the assembly of units called "monomers.”
Polypropylene polymer was first polymerized in 1951 by J. Paul Hogan and Robert Banks [1].
Isotactic crystalline polypropylene was first produced in 1954 by Giulio Natta and
simultaneously by Karl Rehn [2]. Since 1957, it has been commercially produced under the
name Moplen by Montedison. Polypropylene is the most widely produced synthetic plastic in
the world, following polyethylene [1, 2]. Polypropylene has a density of 0.895-0.92 g/cm?,
making it the least dense commercial polymer [3].
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Polypropylene is a semi-transparent, white, and solid thermoplastic material. Due to its cost
advantage, durability, and ease of molding, it is preferred in various industries. Its resistance
to chemical oils and solvents, high strength, low friction coefficient, and resistance to
moisture and heat are some of the key reasons for its popularity.

In the automotive sector, polymers are among the most preferred materials. Looking at the
dashboard of a car, you can easily see that polymer materials are commonly used. Moreover,
they are frequently used in car bumpers and fenders. Despite being lighter in weight and
showing weaker mechanical properties compared to metals and similar materials, polymers
have a superior strength-to-weight ratio. They can be easily shaped through methods such as
extrusion, injection molding, and blow molding. Additionally, their recyclability is another
important advantage. Products made from recycled polymers not only offer cost advantages
but also contribute to environmental protection by reducing carbon emissions [4-14].

The main polymers used in vehicles are observed to be polypropylene (PP), polyethylene
(PE), polycarbonate (PC), polyurethane (PU), polyamide (PA), and acrylonitrile butadiene
styrene (ABS).

Recently, as part of the automotive industry's shift toward green policies, foaming methods
are considered a significant step in achieving weight reduction in vehicles. This will lead to
lower fuel consumption in combustion engine vehicles and longer range in electric vehicles.
In recent years, car manufacturers have introduced applications that promote foaming
methods as part of weight reduction efforts. This allows for weight reduction through foaming
in areas of vehicles, such as the dashboard, where mechanical strength is not the primary
concern, without sacrificing appearance quality. Moreover, various additives such as talc,
glass fiber, glass microspheres, and calcite have been added to enhance lost mechanical
properties. In addition, the foaming method has been observed to prevent warping, distortion,
and internal stresses, enabling more efficient part production [4-14].

The aim of this work is to prepare W filled PP foam composites using a twin-screw extruder.
In particular, the impact of the use of a coupling agent and chemical foaming agent on the
microstructure of the composites was investigated.

2. Materials and Methods
2.1 Materials

Polypropylene has been used as the main material. Maleic anhydride-grafted PP has been
chosen to enhance the interface between the additives to be introduced into the structure and
the main material. Polypropylene (Buplen) was obtained from Lukoil Petrochemical
Company, Russia (density: 0.91 g/cm®). Chemical foaming agent has been chosen as sodium
bicarbonate with the reference ITP818 (Clariant Company) with an activation temperature of
160°C. Wollastonite powders were supplied by Quarzwerke GmbH with the reference Tremin
283 010 AST (p = 2.85 g/cm?® and d (50%) = 19 um). W was a surface treated material and the
applied treatment was aminosilane. Wollastonite in powder form have been dried in an oven
at 80°C for 2 hours. All materials were used as received.

2.2. Preparation of PP/W/CFA foam composites
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The mixtures with 7 different formulations were prepared and given in Table 1. W and CFA
particles were at the first stage pre-mixed with PP. Afterwards, PP/WW/CFA mixtures were
mixed using a twin-screw extruder (Polmak Plastik Lab. Extruder/18mm, co-rotating) to
obtain a homogeneous mixture. During the extrusion, the temperatures were set at 90°C,
190°C, 195°C, 200°C, 205°C, 210°C, 210°C, 210°C, 210°C and 200°C. Then, using a water
bath the cooling of the composite was immediately realized after the extrusion through the die
which is finally granulated and dehydrated. At the last stage, a CARVER 12-12 compression
molding device (3 tons and 200°C) was used for the preparation of appropriate samples to be
characterized.

Table 1: Formulations of PP/W foam composites.

Sample PP (wt.%0) CFA (wt.%0) W (wt.%0)
PP 100 0 0
PP/W2.5/CFAL 96.5 1 2.5
PP/W2.5/CFA1.5 96 15 2.5
PP/W2.5/CFA2 95.5 2 2.5
PP/W5/CFAL 94 1 5
PP/W5/CFAL.5 93.5 1.5 5
PP/W5/CFA2 93 2 5

2.3. Characterizations of PP/W/CFA foam composites

Fourier transform infrared spectroscopy (FTIR) (ThermoFisher Nicolet 1S50) was used to
detect the functional groups of the foam composites in the wavelength range of 4000-400 cm"
1. Scanning Electron Microscopy (SEM) analysis (Carl Zeiss Gemini 300) was used to obtain
images at 5 kV and various magnifications (x20), from the cross-sectional area of these
samples coated previously with gold/palladium.

3. Results and Discussions
3.1. Microstructure results

All results were gathered in Figures 1 and 2. From these Figures 1 and 2, a mean cell size was
detected using ImageJ software and the results were given in Table 2. As observed in the
SEM images, the formation of porous structures, which is one of the fundamental objective of
this study, has occurred for all samples. From Table 2, it can be observed that as the content
of the chemical foaming agent increased, the average cell size increased. Furthermore, it can
be noticed that the cell size evolution was not affected by the wollastonite content. This
behavior can be explained by an important reduction of the mechanical properties depending
on the cell size and these results were in correlation with the literature [4].
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Figure 1: SEM images obtained for PP/W5/CFA1, PP/W5/CFAL.5 and PP/W5/CFA2 foam
composites with an increasing CFA content from the left to the right.

Figure 2: SEM images obtained for PP/W2.5/CFAL, PP/W2.5/CFAL.5 and PP/W2.5/CFA2
foam composites with an increasing CFA content from the left to the right.

Table 2: Mean cell size of PP/W/CFA foam composites.

Sample Average cell size (um)
PP/W2.5/CFA1 360,332
PP/W2.5/CFAL.5 381,309
PP/W2.5/CFA2 404,288
PP/W5/CFA1 342,172
PP/W5/CFAL.5 379,283
PP/W5/CFA2 423,180

3.2. Chemical structure results

3.2 Chemical Structure Analyses

The FTIR spectra of all PP/W/CFA foam composites were given in Figure 3. From this Figure
3, it can be observed that the typical peaks of neat PP can be observed at 1376 cm™, 1455-
1453 cmt, and 2950-2838 cm™* which were connected to -CH3 bending, C-H bending and C-
H stretching, respectively [15]. The comparison of FTIR spectra of all foam composites can
allow to conclude that that no new formation was observed in all foam composites.
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Figure 3: FTIR spectra of PP/W/CFA foam composites and PP.

4. Conclusion

First and foremost, as seen in microstructure analyses and as mentioned in objectives of this
study, a foamed structure has been achieved for all PP/W/CFA foam composites.
Furthermore, an increase of the chemical foaming agent amount increased the mean cell size
of the composites. This behavior can probably affect directly the density that it supposed to be
reduced as observed in the literature [8]. From the results, it can be seen that the impact of
wollastonite content on the cell size is very low.
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Abstract

Aluminum alloys are widely used in various manufacturing industries due to their unique
lightweight performance, high strength-to-weight ratio, and high corrosion resistance.
Therefore, aluminum alloys should be thoroughly studied during machining to determine how
to achieve a well-machined surface and increase machining accuracy. In this study, the effects
of cutting parameters (cutting speed, feed rate, and peripheral depth of cut) on surface
roughness and machining accuracy in CNC milling of AL 7075-T6 alloy were investigated
using Taguchi method. The cutting parameters, including speed (5000, 7000, 9000 rpm), feed
rate (1000, 1500, 2000 mm/min), and peripheral cutting depth (0.5, 1, 1.5 mm), were
determined. In addition, a variance analysis (ANOVA) was performed to determine the effect
ratios of cutting parameters on surface roughness and machining accuracy. The results
revealed that peripheral depth of cut had the most significant effect on surface roughness,
accounting for 52.7%, while both feed speed and cutting speed contributed approximately
20% each. On the other hand, concerning machining accuracy, cutting parameters had a more
pronounced influence, with the peripheral depth of cut responsible for 77.4%, whereas feed
speed and rotation speed had smaller impacts of 8.3% and 4.7%, respectively. It is
recommended to choose a high speed and a low peripheral depth of cut to achieve a good
surface roughness to the machining workpieces.

Keywords: Milling, surface roughness, processing precisions, cutting parameters, tool holder.

1. Introduction

In the industry, the most popular method for processing metals is milling. Most parts
manufacturing involves milling processes at least in one stage. CNC milling is one of the
most commonly used processes due to its flexibility, allowing products to be produced more
quickly, with high quality, and at a reasonable cost. Determining the optimal machining
conditions to reduce production costs and achieve the required product quality is an effective
engineering work in terms of time savings and accuracy. Surface roughness and machining
precision are the most important performance indicators in milling processes. Many new
scientific research studies have utilized Variance Analysis (ANOVA) due to its strong
predictive capabilities [1-5].

Numerous mathematical models have been developed to predict the surface roughness of
different materials during the milling process [6-7]. Changes in surface roughness and the
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effects of cutting parameters on the surface roughness of AISI 1060 and AISI 4140 steels
were investigated using the RSM (Response Surface Methodology) method [8]. Rajdran and
colleagues used a mathematical regression model, including parameters like feed rate, cutting
depth, and cutting speed, to calculate tool wear during milling [9]. AzIn and Safiian developed
a mathematical model to understand the milling process, where surface quality is one of the
key features used to measure milling performance [10]. Khair and his team focused on
reducing surface roughness during the turning process by optimizing cutting parameters such
as cutting speed, feed rate, and cutting depth [11]. As a result of this study, it was
demonstrated that the best surface quality can be achieved using a minimum cutting speed of
140 m/minute, a feed rate of 0.01 mm/rev, and a cutting depth of 1 mm. Additionally, the feed
rate and cutting speed have proven their reliability in significantly influencing the surface
roughness of AISI D3 steel, ensuring the attainment of the desired surface roughness level.
Lubaid et al. examined how the dimensional inaccuracy of carbide tools affected the surface
roughness of workpieces in milling processes [12]. The Taguchi L9 orthogonal method was
used to maximize the performance characteristics of pocket milling, and the GRA method was
subsequently employed to determine the ideal cutting parameters. According to ANOVA
results, the dimensional accuracy of the workpiece had the greatest impact on surface
roughness, followed by cutting speed and chip depth. Lujain H. Kashkool used a TiN-coated
carbide cutting tool to investigate how turning processes affected the surface roughness of
AISI 1045 steel [13]. The results showed that higher cutting speeds resulted in better surface
quality. Recent studies have emphasized the importance of using certain alloy types in cutting
tools to improve surface quality and reduce vibration. Akdeniz and Arslan used NiTi alloy in
an internal turning tool to reduce tool vibration and enhance the surface quality of the
workpieces in turning processes [14]. As a result of this study, surface quality was improved
by up to 32% by using the new tool.

AL 7075 alloy is widely used in advanced industries such as aviation, automotive, marine,
electrical, chemical, food processing, and sports equipment due to its high strength, moderate
fatigue strength, and excellent corrosion resistance.

In this study, the effects of cutting parameters and tool holder in the milling operation of Al
7075-T6 material were investigated using the Taguchi L27 method to assess their impact on
surface quality and processing accuracy. Additionally, variance analysis (ANOVA) was
conducted to determine the most influential parameters on surface quality and processing
accuracy during the milling of aluminum 7075-T6 material.

2. Material and Method

The most suitable method for examining the impact of cutting parameters on the accuracy and
surface roughness of the machined workpiece is the experimental method because
experimental methods consider all real-world conditions. Therefore, in this study, the effect of
cutting parameters and tool holder varieties on the surface roughness and processing accuracy
during the machining of AL 7075-T6 material was investigated experimentally.

The chemical composition and physical-mechanical properties of the AL 7075-T6
experimental material are provided in Table 1.
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Table 1. Chemical Composition and Physical-Mechanical Properties of AL 7075-T®6.

Component elements properties

Aluminum, Al 87.1-91.4% Manganese, Mn <=0.30%
Chromium, Cr 0.18-0.28% Silicon, Si <= 0.40%
Copper, Cu 1.2-2.0% Titanium, Ti <=0.20%

Iron, Fe <=0.50% Zinc, Zn 5.1-6.1%
Magnesium, Mg 2.1-2.9% Others <=0.15%
Mechanical Properties

Density Ultimate Tensile Tensile Yield Modul_u_s of Poisson’s Shear Modulus Shear
(g/cm’) Strength Strength (MPa)  Llasticily Ratio (GPa) Strength
(MPa) & (GPa) (MPa)
2.81 572 503 71.7 0.33 26.9 31

Experiments were conducted using the Micro Dynamics Mega 40V CNC milling machine.
This machine is a vertical machining center equipped with a Mitsubishi control unit that can
perform three-axis linear and circular interpolation and is programmable in 1ISO format. The
vertical machining center used is shown in Figure 1.

JJnICRO
'unvunmcs

Figure 1. The Vertical Machining Center Used in the Experiments.

The experimental design used the 3-factor, 3-level Taguchi L27 method. The cutting
parameters were applied as follows: Spindle speed (5000, 7000, 9000 rpm), feed rate (1000,
1500, 2000 mm/min), and axial depth of cut (0.5, 1, 1.5 mm). The used tool holders are
shown in Figure 2. The Taguchi L27 experimental design is presented in Table 2.
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Table 2. Cutting Parameters Used in the Experiments.

Cutting Peripheral
. Feed speed
Experiment| speed (mm/min) depth of cut
(RPM) (mm)
1 5000 1000 0,5
2 5000 1000 1
3 5000 1000 1,5
4 5000 1500 0,5
5 5000 1500 1
6 5000 1500 1,5
7 5000 2000 0,5
8 5000 2000 1
9 5000 2000 1,5
10 7000 1000 0,5
11 7000 1000 1
12 7000 1000 1,5
13 7000 1500 0,5
14 7000 1500 1
15 7000 1500 1,5
16 7000 2000 0,5
17 7000 2000 1
18 7000 2000 1,5
19 9000 1000 0,5
20 9000 1000 1
21 9000 1000 1,5
22 9000 1500 0,5
23 9000 1500 1
24 9000 1500 1,5
25 9000 2000 0,5
26 9000 2000 1
27 9000 2000 1,5

In the experiments, a TiN-coated carbide @10 end mill was used for each test. The end mill
has a helix length of 23 mm, a total length of 72 mm, and a shank length of 40 mm. The tool
used is shown in Figure 2.

Figure 2. The used cutting tool in the experiments.
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A 40x30x20 mm piece of Al 7075-T6 material was clamped with a 10 mm vise. The
workpiece and clamping method used are shown in Figure 3.

Figure 3. The Workpiece and Clamping Method Used in the Experiments.
The surface roughness measurements on the processed surfaces of the test samples were
performed using a "Mitutoyo™ brand SJ-210 tabletop surface roughness measuring device
(Figure 4).

Figure 4. Surface roughness measuring device.
To determine which cutting parameters affected surface roughness and processing accuracy
and how they affected it, Variance Analysis (ANOVA) was used. The ANOVA analysis was
conducted at a 95% confidence level (u=0.05), and p-values were used to determine the
effectiveness of the factors. Therefore, if the p-value is less than 0.05, it indicates the
significance of that factor. The MiniTab R16 program was used for conducting the ANOVA
analysis. The schematic diagram of the experimental study is shown in Figure 5.
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Figure 5. The schematic diagram of the experimental study.
3. Results and Discussion

A total of 27 experiments were conducted using the cutting parameters shown in Table 2, and
the surface roughness (Ra) of the obtained workpieces was measured. To measure processing
accuracy, the thicknesses of the top and bottom surfaces of the workpieces were measured,
and the differences were calculated. The measured values for surface roughness and
processing accuracy are presented in Table 3.

Table 3. Values of Surface Roughness and Processing Accuracy.

Experiment 1 2 3 4 5 6 7 8 9
Surface roughness | 0,41 | 0,4 | 0,69 | 0,47 | 0,71 | 0,66 | 1,15 | 0,93 | 1,24

Machining 14 o | 002 | 0,02 | 0,02 | 0,02 | 0,02 | 0,02 | 0,03 | 0,03

accuracy

Experiment 0 | 10 | 12 | 13| 14 | 15 | 16 | 17 | 18
Surface roughness | 0,31 | 0,47 | 0,51 | 0,38 | 0,36 | 0,41 | 0,63 | 0,56 | 0,64

Machining 1 51 | 002 | 0,04 | 0,02 | 0,02 | 0,06 | 0,01 | 0,02 | 0,06

accuracy

Experiment 19 20 21 22 23 24 25 26 27
Surface roughness | 0,24 | 0,38 | 0,5 | 0,26 | 0,46 | 0,44 | 0,44 | 0,85 | 0,58

Machining 1 511 0,02 | 0,03 | 0,02 | 0,04 | 0,03 | 0,01 | 0,06 | 0,04

accuracy

To examine the effects of cutting parameters on surface roughness and processing accuracy,
ANOVA analysis was conducted using MINITAB software, and Signal-to-Noise ratio graphs
were obtained. The Signal-to-Noise ratio graph for surface roughness is shown in Figure 6.

118



International Conference on Materials Science and Manufacturing (ICMSM 2023)

Main Effects Plot for Means
Data Means
A e 5 EeEae e sl
s
r

[-]
j

Mean of Means
&
&

&
W

- [ -
- -
-
0.8
SO0 e ) SO 10wy 1500 OO0 0% 1a 1%

Figure 6. Signal-to-noise ratio graph versus surface roughness.

As seen in Figure 6, based on the Signal-to-Noise Ratio, the optimal values for surface
roughness are determined as follows: a spindle speed of 9000 rpm, a feed rate of 1000

mm/min, an axial depth of cut of 0.5 mm.

According to the ANOVA results provided in Table 4, the factor with the greatest impact on
surface roughness in the conducted experiments is the axial depth of cut, accounting for
37.7%. Feed rate and cutting speed have an approximately 26% impact, while the tool

holder's effect is 1%. The reliability rate of the experiments is found to be 91.25%.
Table 4. ANOVA Results for Surface Roughness.

Analysis of Variance

F-
Source DF Seq SS Contribution AdjSS Adj MS Value P-Value
Feed 2 0.227830 20.40% 0.227830 0.113915 16.11 0.020
Cutting 20.224674 20.03% 0.224674 0.112337 15.88 0.020
speed
ae 20.273874 52.73% 0.273874 0.136937 19.36  0.030
Error 18 0.127311 6.84% 0.127311 0.007073

Total 26 0.863074 100.00%
Model Summary

R- R-
S R-sq sg(adj) PRESS sqg(pred) AICc BIC
0.0841002 91.25% 78.69% 0.28645  66.81% - -
34.27 35.06

The Signal-to-Noise Ratio graph for processing accuracy is shown in Figure 7.
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Figure 7. Signal-to-Noise Ratio graph for processing accuracy.

As observed in Figure 7, based on the Signal-to-Noise Ratio, the optimal values for
processing accuracy are as follows: a spindle speed of 5000 rpm, a feed rate of 2000 mm/min,
an axial depth of cut of 0.5 mm.

According to the ANOVA results provided in Table 5, the factor with the greatest impact on
processing accuracy is the axial depth of cut, accounting for 36.1%. The tool holder type
comes second with an impact ratio of approximately 31.35%, while the feed rate has an
impact ratio of 8.33%, and the spindle speed has the least impact with a ratio of 4.76%. The
reliability rate of the experiments is 90.56%.

Table 5. ANOVA Results for Processing Accuracy.

Analysis of Variance

F-
Source DF Seq SS Contribution AdjSS Adj MS Value P-Value
Feed 2 0.000467 8.33% 0.000467 0.000233  3.86 0.040
Cutting 2 0.000267 4.76% 0.000267 0.000133  2.20  0.139
speed
ae 2 0.002022 77.47% 0.002022 0.001011 16.71  0.030
Error 18 0.001089 9.44% 0.001089 0.000060

Total 26 0.005600 100.00%
Model Summary
R- R-
S R-sq sg(adj) PRESS sq(pred) AICc BIC
0.0077778 90.56% 71.91% 0.00245  56.25% -162.83 -163.62

4. Conclusion:

In this study, the effect of cutting parameters on surface roughness and processing accuracy
during the milling process was experimentally examined. The chosen cutting parameters were
spindle speed (5000, 7000, 9000 rpm), feed rate (1000, 1500, 2000 mm/min), and peripheral
depth of cut (0.5, 1, 1.5 mm). Based on the experimental results, it was observed that the
peripheral depth of cut had the most significant impact on surface roughness, accounting for
52.7%. In contrast, both the feed speed and cutting speed contributed roughly 20% each to the
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surface roughness. However, when it came to machining accuracy, the cutting parameters
played a more substantial role, with the peripheral depth of cut being responsible for 77.4%.
In comparison, the feed speed and cutting speed had smaller effects of 8.3% and 4.7%,
respectively. Therefore, it is advisable to select a high cutting speed and a low peripheral
depth of cut to achieve a satisfactory surface roughness and accuracy for machining
workpieces.
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Ozet

Dokiim pargalarinin iiretiminde karsilagilan en biiyiikk zorluk, metalin sivi durumdan kati
duruma gecgerken biiziilmesinden meydana gelen bosluklardir. Bunlar1 gidermek i¢in basing
kullanma diisiincesi bir anlamda savurma dokiim yontemi ile iiretime yonelim olusmustur.
Savurma dokiim yontemi daha ziyade silindirik parcalarin (boru, halka vb.) iiretiminde
kullanilmaktadir. Gida sektoriinde kullanilan vals silindirlerinin tiretimi de ¢ift kat savurma
dokiim yontemi ile gerceklestirilmektedir. Bu iiretim metodu vals silindirinden istenilen
ozelliklerin saglanmasi bakimindan en dogru yontemdir. Bu yOntem, ergimis sivi metal bir
eksen etrafinda donen silindirik kaliba dokiilerek gerceklestirilmektedir. Kalip dondiigii icin
eriyik merkezka¢ kuvvetinden yararlanarak kalibin sekline gore katilasmanin saglandigi bir
dokiim sekli olarak aciklanabilir. Sektérde tiretimi gergeklestirilen vals silindirleri iki
tabakadan olusmaktadir. D1s tabaka, yiiksek asinma dayanimini saglamak icin beyaz dokme
demirden; I¢ tabaka disardan gelebilecek darbeleri soniimlemek ve talasl imalat sonrasinda,
sik1 gecme ile takilacak olan celik kolu kavramasi i¢in gri dokme demirden fiiretilir. Uriinler
dokme demirden {iretildigi i¢in korozyon direngleri diisiiktlir. Korozyona dayanikli vals
silindiri kullanimina yonelik sektorel gesitliligin amaglandigi bu ¢alismada savurma dokiim
uygulamasi temel basliklar 6zelinde detaylandirildiginda kalip hazirlama ve konumlama ile
baslayan siire¢ ocaklara hedef analiz degerlerine gore (pik, ¢elik, alyaj vb.) bilesen belirleme
asamasini kapsar. "Karbon degeri" quick cup'a alinan numune ile tespit edilir. Spektrometre
ile spektral analiz gergeklestirilerek degerlerin uygunluk kontrolii sonras1 alyaj, pik, ¢elik,
hurda vb. takviyeler yapilmalidir. Katmanli uygulamalarda dis tabakay1 olusturan sivi metal
dokiim sicakligina gore, uygun i¢ tabaka metal sicakligi ayarlanmalidir. Paslanma siiresi
uzatilmis biiyiik ¢cap ve boyutlarda savurma dokiim uygulamasinin ulusal dlgekte 6rneklemesi
yoktur. Bu {iriinlin yapisal Ozelliklerinin istenilen sekilde saglanmasi igin, kalip ylizeyine
etkiyen G kuvveti hesabi yapilarak, lazer kalip devir cihazi ile makine devri ayarlanir. Vals
silindirlerinin, bilesimindeki korozif yetenek beklentisi yaninda mekanik oOzelliklerde de
asinma i¢in hedef saglanmasina dikkat edilmesi gerekmektedir. Uygun mikroyapisal dagilim
icin kalibin sogutma islemi de 6nemli bir faktordiir.

Uretim asamasinda 6zellikle vals silindirinin ¢apmin 400 mm ve boyunun da (1000-2000
mm) araliginda degistigi iiriin gruplarinda vals silindirlerinin savurma dokiim islemi
sonrasindaki yiizey boyunca sertligin homojen olarak dagilimi beklentisi olduk¢a 6nemli olup
temel dokiim sartlar1 olan sivi metal sicakligi, ocak iizerinde daldirmali sicaklik dlger ile
Olciilerek; kalip sicakligi, lazer sicaklik olger ile Olgiilerek; metal giris hizinin, sogutma
hizinin, kalip devri gibi parametrelerinde kronometre ve termal kamera ile kontrolii
saglanarak savurma dokiim gercgeklestirilir.

Sonug olarak gida ve savunma sanayi Onceliginde ince ve kalin cidarli borular, rulolar,
silindirler ve halka uygulamalarinin ithalat Onceliginde ¢6ziime kavusturulma sebebi
sorgulandiginda mevcut kaliplara kapak tasarimi revizyonu sayesinde 440C standartlarinda
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paslanmaz vals silindirinin savurma dokiim yO0ntemi ve sonrasi ortaya konulmustur. Kapak
tasarimindaki degisimin sebebi 440C standartlarindaki iiriiniin dokiim sicakliginin yiiksek
olmasidir. Elde edilen iiriine ait mekanik Ozellikler ve korozif yeteneklerdeki degisim
belirlenmistir.

Anahtar kelimeler: Paslanma siiresi, Vals silindiri, Korozyon, 440C, Savurma dokiim

Abstract

The biggest difficulty encountered in the production of casting parts is the voids that occur
due to the shrinkage of the metal when passing from the liquid state to the solid state. The
idea of using pressure to eliminate these has led to a tendency towards production with the
centrifugal casting method. Centrifugal casting method is mostly used in the production of
cylindrical parts (pipes, rings, etc.). The production of roller cylinders used in the food
industry is carried out by the double-layer centrifugal casting method. This production method
is the most accurate method in terms of providing the desired features from the roller mill.
This method is carried out by pouring molten liquid metal into a cylindrical mold that rotates
around an axis. It can be explained as a form of casting in which the melt solidifies according
to the shape of the mold by taking advantage of centrifugal force as the mold rotates. Roller
cylinders produced in the sector consist of two layers. The outer layer is made of white cast
iron to ensure high wear resistance; The inner layer is produced from gray cast iron to absorb
impacts that may come from outside and to grip the steel arm that will be attached by tight fit
after machining. Since the products are made of cast iron, their corrosion resistance is low. In
this study, in which sectoral diversity is aimed for the use of corrosion-resistant roller
cylinders, when the centrifugal casting application is detailed under basic headings, the
process starts with mold preparation and positioning and includes the component
determination phase for the furnaces according to target analysis values (cast iron, steel, alloy,
etc.). "Carbon value™ is determined by taking the sample into a quick cup. Spectral analysis is
performed with a spectrometer and after checking the suitability of the values, alloy, pig iron,
steel, scrap, etc. reinforcements should be made. In layered applications, the appropriate inner
layer metal temperature should be adjusted according to the liquid metal casting temperature
that forms the outer layer. There is no national sampling of the centrifugal casting application
in large diameters and sizes with extended corrosion time. In order to ensure the structural
properties of this product as desired, the G force acting on the mold surface is calculated and
the machine speed is adjusted with the laser mold speed device. In addition to the corrosive
ability expectation in the composition of the rollers, attention should also be paid to providing
a target for wear in their mechanical properties. The cooling process of the mold is also an
important factor for proper microstructural distribution.

During the production phase, especially in product groups where the diameter of the roll roll
varies between 400 mm and length (1000-2000 mm), the expectation of a homogeneous
distribution of hardness along the surface after the centrifugal casting process of the roll rolls
is very important. The liquid metal temperature, which is the basic casting conditions, is
measured by immersion temperature measurement on the furnace. measured by; mold
temperature is measured with a laser temperature meter; Centrifugal casting is carried out by
controlling parameters such as metal entry speed, cooling rate and mold speed with a
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stopwatch and thermal camera. As a result, when the reason for the solution of thin and thick-
walled pipes, rolls, cylinders and ring applications in the food and defense industry with
import priority was questioned, the centrifugal casting method and its aftermath of the
stainless roller cylinder in 440C standards were revealed thanks to the cover design revision
of the existing molds. The reason for the change in the cover design is the high casting
temperature of the product at 440C standards. The change in mechanical properties and
corrosive abilities of the resulting product was determined.

Keywords: Corrosion time, Chilled iron rolls, Corrosion, 440C, Centifugal casting

1. GIRIS

Gida iriinii islemelerinde kullanilan valsler gida iriinlerinin kirma, ezme ve 0Ogiitme
islemlerini gergeklestiren gida Ogiitiicti sistemlerinin en onemli parcalarindan biridir. Vals
silindirlerinin bu 6gilitme islemini uygun ve istenilen bir sekilde yapabilmesi i¢in belirli
karakteristiklere sahip olmasi gerekir [9].

Vals silindirlerinden istenilen ozellikler; ylizeyde homojen sertlik dagilimi, yiiksek yiizey
asinma dayanimi, ylizeyden i¢ bolgeye dogru diizgiin sertlik diislisii sayesinde darbe
sonlimleme yetenegi, yliksek 1s1 iletimi ve radyal yiiklere dayanimdir [5]. Bu 6zellikleri
saglayabilmesi i¢in vals silindirlerinin iretim sekli ¢ift kat savurma dokiimdiir. Savurma
dokiim yontemi, degirmen valslerinin iiretiminde yaygin olarak kullanilir [9]. Daha az c¢evre
kirliligi ve yiiksek verim gibi avantajlar saglamaktadir. Sekil 1°de savurma dokiim ile vals
silindiri dokiim yontemi gosterilmektedir [4].

Kalip —_

Tahrik silindiri —

Onden gorunus Yandan gorinis

Sekil 1: Savurma Dokiim

Vals silindirinin yapisi, ¢ift katli savurma dokiim isleminde dis tabaka beyaz dokme
demirden, i¢ tabaka ise gri ddkme demirden olusur. D1s katmani olusturan beyaz dokme demir
yiizeyde yiiksek asinma dayanimini saglar [2]. i¢ katmami olusturan gri dSkme demir yapr ise
vals iizerine gelen radyal yiiklere dayanim saglar. Dis tabaka ile i¢ tabaka arasinda yaklasik
olarak 5 mm birlesme bolgesi olusturulur. Bu olusturulan gecis tabakasi da sertligin i¢
bolgeye gidildikge diizgiin bir sekilde diismesini saglayarak disaridan gelen yiikiin
soniimlenmesi saglamaktadir [9].

Vals silindirleri boyutsal olarak ¢apta 150 mm ile 820 mm arasinda, boyda 2200 mm’ye
kadar, yiizey sertligi olarak 320-600 HB arasinda degiskenlik gosterir. Kirma islevi goren
valslere, isleyecegi iriiniin yap1 ve Ozelliklerine gore farkli diyagramlarda dis agma islemi
uygulanirken, ezme islevi goren valslere, yine islenecek lriin 6zelliklerine gére kumlama
islemi uygulanarak istenilen ylizey piiriizliliigiine getirilir. Celik kollar1 da siki gegme
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yontemi ile cakilarak vals silindirleri kullanima hazir hale getirilir. Sekil 2°de 250mm ¢ap,
1000mm boya sahip vals silindiri goriilmektedir.

Sekil 2: Vals Silindiri

Vals silindiri iiretim siireci su sekildedir: {riiniin kalip igerisinde soguma esnasinda 1s1
transferini diizenli bir sekilde yapabilmesi i¢in uygun kalinliktaki ve istenilen boyutlardaki
kaliba firinda 6n 1sitma islemi uygulanir. Termal kamera ve lazer sicaklik 6lgme cihazlari ile
sicakligr Olctilen kaliplar, istenilen sicakliga ulasinca savurma makinasina yerlestirilir. Kalip
icine yine diizenli katilagmay1 saglamak amaciyla aliimina igeren su bazli yiiksek sicaklik
dayanimina sahip kalip astar1 kaplama islemi gergeklestirilir. Uriin kalinhig1, analiz degeri,
dokiim sicakligr hesabma gore ylizeyde olusmasi istenen basing miktarina gore G faktori
hesab1 yapilarak kalip devri ayarlanir. Uriin tek kat veya cift kat olmasi durumuna gore bir
veya iki farkli indiiksiyon ocakta istenilen analiz degerlerinde metal ergitme islemi
gerceklestirilir. Ergime tamamlandiktan sonra numune alinarak spektral analiz islemi
uygulanir. Ergiyen metalin analiz degerlerinden karbon esdegerligi hesaplanarak dokiim
sicaklig belirlenir. Bu belirlenen sicakliga goére ocak i¢inde sivi metal sicakligi, daldirmali
stvi metal sicaklik 6lgme cihazi ile dlgtilerek istenilen sicakliga ayarlanir. Dokiim sicakligina
uygun olan kaliplarin kapak cakma islemi gerceklestikten sonra kalip i¢ine metal transferini
saglayan sifonlar yardimiyla istenilen hizda dokiim islemi gerceklestirilir. Uriin katilasmasi
tamamlandiktan sonra kalip igerisinden alinarak sogumasi saglanir ve talasli imalat boliimiine
transfer edilir.

Vals silindirinin aginma dayanimi, 6giitiicii merdanelerin imalatinda g6z 6niinde bulundurulan
en onemli parametredir. Merdanelerin aginma dayanimi 6zelliklerinin olusumunda mikroyap1
ve kimyasal kompozisyon onemli rol oynar [8-5]. Bu sebeple valslerin mikroyapisinin ve
mekanik 6zelliklerinin bilinmesi son derece 6nemlidir.

Vals silindirleri, yapisal olarak dokme demirden olustugu icin korozif ortamlarda (tuz ve nem
vs.) korozyon direnci yiiksek degildir [3]. Ogiitme, ezme ve kirma gibi islemler gida
tiriinlerine uygulandig1 i¢in hem ylizeyde bozunma hem de gida {iriinlerine metal oksit gegisi
gibi riskler olusabilmektedir.

Korozyona dayanikli vals silindiri kullanimina yonelik sektorel gesitliligin amaglandigi bu
caligmada {iretilen 440C standartlarinda paslanmaz celik vals silindirine mikroyap1 analizi,
yogunluk Ol¢iimii ve mekanik testler (sertlik, yogunluk, basma testi) yapilarak standart dokme
demir iiriin ile degerler kiyaslanmis, makro korozyon testi uygulanmistir.
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2. DENEYSEL VE TEST CALISMALARI

Bu ¢alismada standart iiriin analizine sahip vals silindiri ile 440C standartlarinda dokiilen 400
mm ¢ap ve 2000 mm boya sahip vals silindirinden tel erezyon yontemi ile ¢alisma yiizeyinden
parcalar cikartilarak; spektrometre ile kimyasal kompozisyonlar: tespit edilmistir. Optik
mikroskop  kullanilarak  valslerin  yiizeylerinden goriintiiler —alinarak mikroyapisal
karakterizasyonlar1 gerceklestirilmis ve matris yapisi, karbiir fazlar1 resmedilmistir. Cift kat
olan standart iriiniin i¢ ve dis, 440C {iriiniin yiizeyden alinan numunelerinin yogunluk
hesaplamalar1 yapilmistir. Mekanik testler kapsaminda uygun bdlgelerden tel erezyonla
kesilerek hazirlanan tirtinlere sertlik testi ve basma testi uygulanmistir. Yine yiizeyden alinan
parcalara, 25+2 °C sicakliginda laboratuvar ortaminda %5 konsantrasyondaki tuzlu su
puskiirtiliip 1 giin, 1 hafta ve 1 ay siire ile bekletilerek makro incelemeler gergeklestirilmistir.

3. BULGULAR VE SONUCLAR

3.1. Kimyasal Kompozisyon Analizi

Cift kat savurma dokiim yontemi ile iiretilen standart iiriiniin dis tabaka ve i¢ tabakadan, tek
kat olarak iiretimi gergeklestirilen paslanmaz iiriiniin ¢alisma yiizeyinden tel erezyon ile
kesilen parcalara, kalibrasyonu yapilmis ve test edilmis olan ARL marka spektrometre ile
spektral analiz islemi uygulanmistir. Degerler dort farkli noktadan olgiilerek ortalamalar
alinmistir. Karbon degeri spektrometrede sapmalara neden oldugu igin ocak {izerinde sivi
halde alinan numune quick cup ile dl¢tilmistiir. Tablo 1°de standart vals silindirinin i¢ ve dis
tabakasina ait spektral sonuglar verilmistir. Tablo 2’de de paslanmaz vals silindirine ait
spektral sonuclar verilmistir.

Tablo 1: Standart vals silindirinin dis ve i¢ tabakaya ait spektral analiz sonuglari

Fe C Si P Mn Ni Cr Mo
Dis Tabaka Kal. 3,42 0,60 0,22 0,65 0,44 1,05 0,14
i¢ Tabaka Kal. 3,41 2,16 0,06 0,63 0,03 0,05 0,01
Tablo 2: Paslanmaz iiriine ait spektral analiz sonuglari
Fe C Si P Mn Ni Cr Mo
Pasulanmaz Kal. 0,89 0,68 0,02 0,74 0,48 17,02 0,45
Uriin

3.2 Mikroyapisal Karakterizasyon

Standart vals malzemesinin dis tabaka, gecis tabakasi ve i¢ tabakasina; paslanmaz vals
silindirinin ise ¢alisma yiizeyinden uygun parcalar tel erezyon yontemi ile kesilmistir. Kesilen
bu parcalar metalografik olarak hazirlanarak nital ¢ozeltisi ile daglanmistir. Hazirlanan
numuneler optik mikroskop ve taramali elektron mikroskobu ile resmedilmistir. Paslanmaz
tirtin ile kiyas yapilmak amaciyla, standart iiriine ait mikroyapisal goriintiiler alinmistir [9].
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Sekil 3: Standart Vals yiizeyinden alinan numunenin OM goriintiileri. (A) 10x biiyiitme, (B)
250x biiyiitme, (C) 50x biiylitme, (D) 1000x biiyiitme.

Sekil 3’te verilen standart vals silindiri i¢cin OM ve SEM resimleri incelendiginde
mikroyapinin perlitik matristen (ferrit + sementit) olustugu goriilmektedir. Detayli
gerceklestirilen mikroyapisal analizlerde mikroyapida martenzit fazina rastlanmamustir.
Yapilan faz analizlerinde mikroyapisinin yaklasik olarak %25 oraninda karbiir faz1 (birincil ve
ikincil karbiirler) icerdigi tespit edilmistir. SEM analizlerinde karbiir faz oraninin da yaklasik
olarak %28 oldugu goriilmektedir[9].

Gecis

tabakasi

Sekil 4: Standart vals ylizeyinden derinlemesine yapilan mikroyapisal incelemede gecis
bolgesine ait OM ve SEM goriintiileri. (A) 5x biiyilitme, (B) 50x biiyiitme, (C) 50x biiyiitme,
(D) 200x biiyiitme.

Sekil 4’te standart vals yiizeyinden derinlemesine olarak alinan numunede gegis tabakasina ait
mikroskop goriintiileri verilmektedir. Sekil 4 (A) ve (C) ile verilen goriintiilerde dis tabaka —
i¢ tabaka gecisi gorlilmektedir. Ayrica, sekil 4 (B) ve (D) ile verilen goriintiilerde ise matrisin
perlitik yapida oldugu ve mikroyapida karbiir fazlariyla beraber i¢ kisma dogru gidildikge A
ve B tipi grafit yapilarinin da olustugu goriilmektedir[9].
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1 00

Sekil 5: Paslanmaz vals yiizeyinden derinlemesine SEM gdriintiisii

Sekil 5’te mikroyapisal galigmalar1 hala devam eden paslanmaz vals silindirinde martensitik
fazlarin gozlemlendigi goriilmektedir. Yapilar incelendiginde mikroyapida karbiir fazlarinin
ve martensit yapinin yogunlu dikkat cekmektedir. Martensit ve karbiir fazlarinin yogunlugu
yilizeyde asinma dayanimini saglarken uygun analiz sartlar1 da korozyonu engellemektedir [1,
6].

3.3 Yogunluk Hesaplamalari

Standart vals silindirinden dis tabaka ve i¢ tabakayi temsilen uygun ebatlarda numuneler
kesilmistir. Daha sonra bu numune yiizeyleri zimparalanip ve parlatilarak diizgilin ylizey elde
edilmistir. Numune boyutlar1 hassas bir sekilde olciildiigiinde dis tabakanin 5,5x3,265x1,008
cm ve i¢ tabakanin 5,494x3,246x0,995 cm Olgiilerinde oldugu tespit edilmistir. Numune
agirliklar ise hassas terazi ile hassas bir sekilde tartilmis ve dis tabaka agirligr 138,959 gr, i¢
tabaka agirligi ise 126,767 gr olarak Ol¢iilmiistir. Elde edilen sonuglar dig tabaka
yogunlugunun 7,6768 gr/cm® ve i¢ tabaka yogunlugunun 7,144 gr/cm® oldugunu
gostermektedir. Ayni sekilde paslanmaz iirlinden kesilen ve hazirlanan {iriiniin 6lgiileri
5,521x3,252x1,005 cm’dir. Hassas terazide agirhiginin 138,037 gr geldigi Olciilmiistiir.
Yogunlugu da 7,65 gr/cm? olarak hesaplanmistir [9].

3.4 Sertlik Testi

Standart vals silindirinin dis tabaka ¢alisma yiizeyinin, ge¢is tabakasinin ve i¢ tabakanin 5
farkli noktasindan alinan brinnel sertlik degerleri ile 6l¢iilmiis ve ortalama sertlik degerleri
tablo 3’te belirtilmistir. Paslanmaz firiiniin de ¢alisma yiizeyi ve yiizeyden 5mm, 10mm,
15mm derinligindeki sertliklerde 6l¢iilmiis olup tablo 4’te verilmektedir.
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Tablo 3: Standart vals silindiri yiizeyden derinlemesine sertlik degerleri

Sertlik (HB) Derinlemesine Sertlik Ol¢iimii Ortalama
Dis Tabaka 530 523 528 524 529 515 525
Gegis 332 336 357 309 342 339 335
Tabakasi

I¢ Tabaka 168 159 165 170 161 160 164

Tablo 4: Paslanmaz vals silindiri yiizeyden derinlemesine sertlik degerleri

Sertlik (HB) Derinlemesine Sertlik Ol¢iimii Ortalama
Yiizey 582 590 575 580 579 588 582
5mm Derinlik 551 545 556 541 - - 548
10mm 492 485 488 471 478 - 482
Derinlik

Tablolarda goriildiigi gibi standart vals silindirinde, ¢ift kattan olustugu i¢in paslanmaz iiriine
gore sertlik distisii daha fazladir. Tek katmandan olusan paslanmaz iiriinde de derinliklere
inildikge sertlikte diisiisii gozlemlenmektedir. Bu bize yonlenmis bir katilasma oldugunu
katilasma hizinin yilizeyde hizli, i¢ kisimda ise daha yavas oldugunu gostermektedir[7].
Sertligin i¢ bolgelere dogru diismesi radyal yiiklere karsi dayanimi artiracagindan {iriin
performansi agisindan avantaj saglamaktadir.

3.5 Basma Testi

Basma testi, malzemelerin yiik altindaki davranislarini belirlemek igin kullanilan bir
sistemdir. Vals silindiri malzemeleri yapisal olarak gevrek malzemeler oldugundan dolay1
cekme testine gore basma testinin daha dogru sonug verecegi diisiiniildiigii i¢in basma testi
uygulanmustir. Bu ¢alisma kapsaminda standart iiriiniin dig tabaka, gecis tabakasi, i¢ tabakasi
ve paslanmaz iirliniin ¢alisma yiizeyinden tel erezyon ile numuneler kesilerek basma testi
uygulanmistir. Basma testi ASTM E9 standardina gore 3 mm c¢ap, 6 mm uzunlugundaki
numunelere 1 mm / dakika hizlarda uygulanarak standart valsi olusturan farkli tabakalara ve
paslanmaz {iriine ait basma testi sonuglar1 sekil 6’da verilmistir.
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Sekil 6: Standart tiriin dis tabaka, gegis bolgesi, i¢ tabakaya ve paslanmaz {irline ait basma
testi sonucunda elde edilen gerilme-genleme grafikleri.

Gerilme — genleme egrileri incelendiginde dis tabakanin yiiksek dayanim sergiledigi (yaklagik
olarak 2200 MPa) fakat bununla beraber mikroyapida bulunan karbiir fazlarindan dolay1 sekil
degistirmesinin oldukga kisitli oldugu goriilmektedir[1]. Bununla birlikte, i¢ tabakanin daha
iyi sekil degistirme yetenegine sahip oldugu, dayanimimin yaklasik olarak 500 MPa
degerlerine diistiigli goriilmektedir. Gegis tabakasina uygulanan testin sonuglar1 dis tabakayla
i¢ tabaka arasinda 6zellikler gostermistir ve beklendigi iizere i¢ tabakaya daha yakindir. Bu
katmanli yapidan, dig katmanin yliksek dayanimda olmasi asinma dayanimi saglarken daha
disiik dayanimli fakat daha yiiksek genleme degerine sahip i¢ tabakanin yiiklere dayanim
saglamasi beklenmektedir[6]. Dayanim degerleri dis tabaka ile i¢ tabaka arasinda olan gegis
tabakas1 ise disaridan gelen yiikiin sOniimlenmesini, dis tabakadan i¢ tabakaya transferini
saglamaktadir. Paslanmaz {iriinde, beyaz dokme demire benzer smirli sekil degisimi
gostererek gida iirlinli ezme islemine uygun karakter sergilemistir. Basma dayaniminin 2100
MPa oldugu da goriilmektedir.

3.6 Korozyon Testi Uygulamasi

Standart vals silindiri ve paslanmaz vals silindiri yiizeylerinden tiger adet uygun boyutlarda
numuneler tel erezyon yontemi ile kesilerek alinmistir. Yiizeyden alinan bu pargalara, 2542
°C sicakliginda laboratuvar ortaminda %5 konsantrasyondaki NaCl ¢ozeltisi puskiirtiiliip 1
giin, 1 hafta ve 1 ay siire ile bekletilerek makro incelemeler gergeklestirilmistir. Sekil 7°de
korozyon yogunlugundaki farklar gézlemlenmektedir.
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Sekil 7: %5 konsantasyondaki NaCl ¢ozeltisi piskiirtiilmesiyle standart vals silindirinin 1
giin(A), 1 hafta(B), 1 ay(C) ve paslanmaz vals silindirinin 1 giin(D), 1 hafta(E), 1 ay(F) siire
sonundaki makro goriintiileri.

Sekil 7’de ki standart (A,B,C) ve paslanmaz (D,E,F) vals silindirleri goriintisiidiir. Birinci
giiniin (A) sonunda homojen olmayan bolgesel olarak, yiizeysel korozyon gézlemlenmektedir.
Bir hafta (B) sonrasinda korozyon dagiliminin yiizeyde daha homojen olarak dagildigi ve
arttig1 goriilmektedir. Bir ay (C) sonrasinda ise yiizey tamamen korozyon tabakasiyla
kaplanmis oldugu goriilmektedir. D,E ve F goriintiileri paslanmaz vals silindirine aittir. 1
ayllk silire¢ igerisinde sadece NaCl soliisyonunun lekesinin  disinda korozyon
gozlemlenmemektedir.

4. Sonuglar ve Tartisma

Yapilan bu alternatif imalata yonelik ¢alisma igeriginde 6zellikle kimyasal kompozisyon
degisimi verileri 6zelinde paslanma 6mrii hususunda olumlu ilerlemeler olabilecegi sonucuna
varilmstir.

Ayrica standart vals silindirlerinin saatlik, haftalik ve aylik yiizeysel karsilagtirma verilerinde
benzer ortamlardaki kullanim gesitliligi gozetilerek elde edilen sonuglarda nemli ortama sahip
vals silindirlerinin kullanimima yonelik olumlu ilerlemelerin oldugu belirlenmistir.

Mikroyapisal ¢alismalar Onceliginde ylizey oksidatif diren¢ durumuna ait yiizeysel
tutunabilirlik  verilerinde  ilerleme  saglanabilecegine ilave olarak  sonuglarin
tekrarlanabilirlikleri hususunda da daha kapsamli ¢alismalara yonelinmesi gerektigine karar
verilmistir.
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Korozyon testine ait sonuglara ulasilip ulasilamadigi kapsamda yapilan deneysel ¢alismalarda
vals silindirlerin makro boyutta incelemeleri gerceklestirilmis olup ilerleyen siirecte standart
uygulanabilirlik agisindan ASTM D2247’nin sonuglarina ulasilmasi planlanmaktadir.
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Abstract

A key component of global logistics has always been the movement of goods and freight. To address the wide
range of needs of the industry, specialized flat wagons like the SGNS wagon have been created. Results of Finite
Element Analysis (FEA) for various load situations applied to the SGNS wagon frame are presented in this
study. The 60-ft, type 2-axle bogie single-platform SGNS wagons are well-known as special flat wagons that can
transport containers of various lengths (20 ft, 30 ft, and 40 ft) and are frequently used in intermodal
transportation. We came up with 10 alternative load cases to provide a sturdy design that could accommodate all
container locations. These instances include every conceivable arrangement of containers that could be placed
atop an SGNS wagon. With the aid of Autodesk Inventor, an FEA study was carried out to evaluate the
appropriateness of the wagon chassis. With S355 as the chosen material, the analysis was limited to the sheet
metal parts of the chassis. The analysis's findings showed that the primary loading beams did not undergo much
stress; instead, weaker regions were found to be located nearer to the star hub connection. As a result, the
research comes to the conclusion that in order to lessen Von Mises stresses, modifications are required in the
highly stressed locations. It is clear that there are two possible ways to reduce these high stresses: one involves
changing the geometry of the impacted sections, and the other involves changing the thickness of the highly
stressed components.

Keywords: Intermodal, transportation, wagon, SGNS, stress analysis, FEA.

INTRODUCTION

From the beginning of human history, it has been necessary to carry things from point A to B.
Transportation with a wagon, which is a good way of transportation, has been used for many
years. Many types of wagons can be used for transportation in today’s world. SGNS-type
wagon is just one type of wagon between them. SGNS wagons are known as special flat
wagons, and the one determined in this article is the type of 60 ft with a 2-axle bogie. These
types of wagons are capable of carrying up to 70 tons and the loading length capacity is 60 ft.
According to our research articles that are relevant to the transportation and wagons can be
summarized as;

Bekler (2013), focused on the basic concepts of optimization in this study. In the continuation
of the study, the structural optimization process of a wagon is explained. Modeling was
started and material properties, thickness values, loading and boundary conditions were
defined. Loading conditions were selected in accordance with UIC Standards, and 7 different
loading scenarios were applied. As a result of the analysis, taking into account the tension and
collapse characteristics of the wagon, it was determined that the most critical scenario was the
one carrying 70 tons of load and applying 100 tons of compression force per buffer. An
optimization algorithm has been established based on this scenario. As a result of the analysis,
it was determined that the wagon needed to be optimized. SQP was used as the optimization
method, and the weight of the wagon was reduced by 2%. However, it was stated that this
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reduction was insufficient, and the design had limited variables. It was suggested that shape
optimization could offer some ideas, and a thinning of the lower plate could provide
approximately 200 kg of weight reduction. It was noted that the entire wagon consists of sheet
metal parts, and that's why it was modeled in this way. Senturk (2014), have carried out
numerical fatigue analysis as well as dynamic tests of freight wagons carrying magnesium
carbonate (MgCO3) ore.While performing numerical analyses, Simpack software was used to
simulate the dynamic stresses that the wagons are exposed to. In the static load analysis of the
wagons, 2D element connections were created on the surfaces using CAD models previously
corrected at the design stage and a finite element model was prepared. At this stage, the
program used to create a network is Hypermesh.The prepared finite element model is based
on the ABAQUS environment for the performance of static analyses. In ABAQUS, static
loads and boundary conditions of model permanence were defined according to loading
conditions and static analysis obtained results such as strain and stress distributions. The static
analysis results of the finite element model, together with the time-varying force data obtained
from Simpack analyses, constitute usable inputs for Fe-Safe, which is used as a fatigue
analysis program. In Fe-Safe analyses, loading scenarios were created by using Simpack
results as warning signals along with static analysis data, and fatigue lives and parts where
fatigue occurred as a result of periodic loading situations were calculated. Haraka et al.
(2014), in their research, describe the development of a virtual freight wagon by prototyping
computer tools. To investigate the structural dynamics of the wagon and its components they
use the finite element method (FEM). To investigate the natural frequencies, they perform
modal and harmonic analysis under different loadings and operating conditions. As a result,
the authors compare the results of the analysis with experimental works. They also discuss the
limitations and advantages of the FEM analysis for wagon design and optimization. Dizol et
al. (2017) have investigated the structural analysis of a modified freight wagon bogie frame.
The first research describes the modifications of the bogie and it is removing buffer beams to
reduce its weight and they aim to increase the capacity of the frame. In the article, they
explain the standards fit load cases for commissioning. To investigate the strength of the
frame they perform finite element analysis. As a result, they compare the modified bogie
frame with the original bogie frame under exceptional loads. Patrascu et al. (2019) have
investigated the mechanical response of the freight wagon with usual loads. The main purpose
of the study was to investigate the chance of replacing steel walls with laminated composite
walls. Their purpose of changing the material of the walls was to reduce the mass of the
wagon while increasing its load capacity. To investigate the composite walls' performance,
they performed finite element analysis with different loading scenarios and various wall
thicknesses. Finally, they reach the following conclusion: composite walls do not affect the
stress, and there are two possibilities to reduce it and these are changing the geometry or
thickness of the affected materials. Rao et al. (2022) have investigated the structural dynamics
of a freight railway wagon with finite element analysis. In their research, they perform
analysis on a flat wagon that can be loaded with containers. They model the data with
Autodesk Inventor and they perform analysis at ANSYS. After they get the FEA results, they
compare them with Indian Railway standards. Vatulia et al. (2023) have investigated the
performance of a hopper wagon that can carry various types of cargo. To investigate the load
scenarios authors performed finite element analysis on Solidworks. In the FEM analysis, the
wagon was investigated under different operational conditions, such as impact, stretch, and
thermal stress. As a result, they ensured wagon safety under all decided conditions.

In literature, there isn't much research about flat wagons, especially about SGNS wagons it is
hard to find research that investigates all possible loading states. In this research, the
Autodesk Inventor 60 ft SGNS wagon was designed and finite element analysis were
performed. In the methodology part, all the boundary conditions including loading scenarios
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were given. Stress values and high-stressed areas are investigated and determined in the
results section. Finally in the conclusion, discussion, and recommendation section, the
research results were summarized.

METHODOLOGY

All the research and analysis were done on the computers that belong to Hisarlar's R&D
department. After the SGNS wagon chassis design is finished, boundary conditions must be
decided. In Figure 2.1 new SGNS Wagon design can be seen. First, to achieve the analysis in
different scenarios, loading conditions must be determined. To do that some research has been
done. 60 ft long SGNS flat wagons can carry 3 different types of containers, these are 20 ft
long containers, 30 ft long containers, and 40 ft long containers. The maximum capacity of
the SGNS wagon is 70 tons and each container has a maximum weight according to their
length. Because our wagon can carry up to 60 ft, transport conditions may be as follows; at
once it can carry 1 “40 ft" long container or 1 “20 ft" long and 1 “40” ft long container or 2
“30 ft" long container. Totally there are 10 different loading scenarios to investigate the
sufficiency of the SGNS wagon. In the first three scenarios, 3 “20 ft" containers were loaded
onto the wagon, and in the first scenario their weight respectively; 17 tons, 36 tons, and 17
tons, in the second scenario their weights were 34.48 tons, 2 tons, and 34.48 tons and finally
on the third scenario containers weights 23.5 tons at each. In the fourth and fifth scenarios 2
“20 ft " containers were loaded onto the wagon, on the fourth scenario 35 tons weighed 2
containers loaded and on the fifth scenario 36 tons and 30.31 tons containers loaded
respectively. In the sixth scenario, only 1 “40 ft " long container is placed on top of the
wagon. On the seventh scenario 2 “30 ft " long 34.48 tons weighted containers loaded. In the
eighth scenario 1 “30 ft " long 34.48 tons weighted and 1 “20 ft " 34.48 tons weighted
containers were placed respectively. In the ninth and tenth scenarios, 1 “40 ft " long and 1 “20
ft " long containers were loaded but in the ninth scenario a 40 ft container had 34.48 tons
weight and a 20 ft long container had 27.2 tons weight. On the other hand, in the tenth
scenario, a 40 ft long container has 11.62 tons weight and a 20 ft long container has 34.48
tons weight. Each scenario has its special loading organizations. When containers were loaded
onto the wagon, they were placed on the safety lock devices containers, due to that scenario
and the positions of each container given respect to lock devices. Loading scenarios and
locations of the loadings can be seen in Figure 2.2. After that, the fixing point should be
determined. In order to do that as a fixing point to simulate the bogie conditions from its
assembly points fixed. In Figure 2.3 the fixing and loading points of the wagon can be seen.
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Figure 2.1. New SGNS type wagon chassis design.

| | 1| | || | [

20 ft 20 ft 20 ft

CONTAINER CONTAINER CONTAINER
SCENARIO 1 17 TONS 36 TONS 17 TONS
SCENARIO 2 35 TONS 2 TONS 35 TONS

SCENARIO 3 24 TONS 24 TONS 24 TONS

SCENARIO 4 35 TONS 35 TONS
SCENARIO 5 36 TONS 30 TONS

40 ft
CONTAINER
SCENARIO 6 36 TONS

30 ft 30 ft

CONTAINER CONTAINER

SCENARIO 7 35 TONS 35 TONS

30 ft

CONTAINER ‘

SCENARIO 8 35 TONS 35 TONS
I I I N — |

40 ft
20 ft

CONTAINER

CONTAINER

SCENARIO 9 35 TONS 27 TONS
SCENARIO 10 12 TONS

a) Loading points b) Fixing points
Figure 2.3. Fixing and loading points of the analysis.
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Analyzing the wagon was hard due to its long designs and the parts number that the wagon
has. On the first design of the SGNS wagon, there were more than 1000 parts. Before
simulations, the design of the wagon was simplified, some unnecessary parts were removed
and some others were changed according to their duties. Generally, sheet metals change from
solid parts to mid-surface due to the meshing process time will be long and costly. Some of
the parts stayed as solid parts like bogies and safety lock devices but they simplified
especially the safety lock devices. Because of their duty, they changed with flat 20 mm thick
solid parts. In Figure 2.4 simplified chassis design can be seen.

a) General simplified design b) Simplified safety lock devices
Figure 2.4. Simplified wagon design.

RESULTS

In light of the studies that we made on the new SGNS wagon chassis design, it can be clearly
seen that in some scenarios the chassis is more affected than the others, but in all scenarios
some particular areas are affected more than others. Affected areas can be seen in detail in
Figure 3.1. In scenario 1 “20 ft” long container has 36 tons weight and it is placed on the
middle of the chassis due to a high-weighted container on the middle area of the chassis, it is
bent more than usual. As a result, some areas that resist bending experience high stresses. The
highest stress in this scenario is 694.3 MPa. With respect to this scenario in other similar
scenarios for instance scenario 2 and scenario 3 stress changes with respect to middle
container weights. In scenario 2, the highest stress is 382.9 MPa due to the 2-ton weighted
container and in scenario 2 highest stress is 551 MPa again the reason is the container that is
placed in the middle of the wagon is weighted 24 tons. Scenario 4 and scenario 5 are similar
to each other due to their 2 “20 ft” long loads and their weights. In scenario 4 highest stress is
746.3 and in scenario 5 highest stress is 728.5 MPa. The reason for this high stress could be
the weights of the containers and their closeness to the middle area of the wagon chassis. In
scenario 6, only a “40 ft” long container is placed on top of the wagon and it has 36 tons of
weight. This kind of distributed load is creating 530.3 MPa stress on the wagon's weakest
parts. Scenario 7 and scenario 8 are similar, they have only one difference and that is the
length of the containers they carry. In scenario 7, 2 “30 ft” long containers with 35 tons of
weight are carried by chassis. As a result, the highest stress in the 7th scenario is 608.7 MPa.
In scenario 8, 1 “30 ft” long and 1 “20 ft” long container with 35 tons weight carried by the
wagon and the highest stress that wagon chassis experienced in this scenario is 754.3 MPa. In
these two similar scenarios stresses that occur in the similar areas are different from each
other and scenario 8 has higher stresses. The reason for this stress change may be the length
of the containers. Although the lengths of the containers change in the scenarios, their load
does not change, and in scenario 8, the “20 ft” long container applies more intense force to a
certain area. In scenarios 9 and 10, the same container types are carried by the wagon and they
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are 40 ft and 20 ft long containers respectively from left to right. Scenario 9 has 654.4 MPa
stress as the highest stress and scenario 10 has 512.9 MPa stress as the highest stress that
wagon experiences in these scenarios. The reason for scenario 9 has a higher stress is
probably the total load applied to the chassis in the scenarios. The Von-Mises Stress results of
the analysis can be seen in Table 3.1. Also, in Figure 3.2 detailed results of the static analysis
can be seen.

Figure 3.1 Location of stress-affected areas

Table 3.1
\on Mises stress results of the analysis respect to scenario numbers
Highest stress value (MPa)

Scenario 1 694.3
Scenario 2 382.9
Scenario 3 551
Scenario 4 746.3
Scenario 5 728.5
Scenario 6 530.3
Scenario 7 608.7
Scenario 8 754.3
Scenario 9 654.4
Scenario 10 512.9
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Von Mises (Mp3) Von Mises (Mpa)

i
it
I

Scenario 1 Scenario 6

Scenario 2 Scenario 7

Scenario 3 Scenario 8

Scenario 4 Scenario 9

Scenario 5 Scenario 10

Figure 3.2. Detailed view of stress-affected areas respect to scenario numbers.

It is clear that the parts near the bogie area, which remain perpendicular to the forces, are most
affected by the loads. The reason for this could be the significant distance between the center
of gravity of the chassis and the bogie. When a load is placed on top of the chassis, the most
bent areas are typically the middle of the chassis, where the center of gravity of the wagon
chassis. Because of this considerable distance between these two areas, parts that are
perpendicular to the loads may experience high stress as they try to resist bending.

CONCLUSION, DISCUSSION AND RECOMMENDATIONS

According to the results of the analysis, it is clear that when loading is more concentrated in
the middle region of the SGNS wagon chassis Von-Mises stresses are getting higher. This
happens because the wagon is placed on top of the two bogies and the places that touch the
bogies are the star hub connections and they are located on both sides. When loads force the
chassis to bend from the middle area, the chassis starts to bend from the area that is close to
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the bogie, and the parts that resist the bends stay under more stress. Due to these reasons, the
analysis must be repeated by strengthening the weak parts. There could be two possible ways
to do this. One of them is changing the shape of the parts and adding more parts to support
their strength and the other way could be changing the material. After making one of these
changes, the analysis could be replied to. In order to design appropriate wagon chassis in
future studies we are planning the focus on the weak parts to strengthen them.
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Abstract

The objective of our study was to develop sustainable packaging solutions for the food
packaging industry by utilizing cellulose and incorporating natural, active, and responsive
ingredients using green technologies. The development aimed to enhance packaging and
provide modern functions that meet consumer and industry needs while retaining passive
packaging functions.

During the research, we produced cellulose sheets with active and responsive coatings made
of anthocyanin containing plant extract and chitosan as auxiliary material on a semi-automatic
paper machine. Various physical characteristics of the coated samples were examined,
bending stiffness, bending resistance, folding resistance, wet strength, tear index, antioxidant
effect, and pH, time and temperature responsivity, which were followed
spectrophotometrically by measuring the CIE Lab color coordinates.

Based on the results, the anthocyanin-containing plant extract used as coatings, also
embedded in chitosan, effectively indicated the different pHs with a different color change.
Based on the spectrophotometrically measured color reactions to changes in time and
temperature, the samples are also effective as time-temperature indicators, to indicate both
low- and high-temperature storage by color change. The samples containing the plant extract
displayed antioxidant properties, and the radical scavenging ability in time was characterized
by logarithmic regression. The addition of chitosan to the paper coating significantly
improved its mechanical properties making it advantageous for food packaging applications.

These simple, economical, and eco-friendly materials can be applied in active and intelligent
packaging technology, which offers new packaging options for the food industry that preserve
and/or mark quality.

Keywords: active and intelligent packaging, cellulose, anthocyanin, chitosan
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Abstract

Platinum Group Metals (PGMs) find application in numerous industries owing to their
unrivaled catalytic performance and exceptional corrosion resistance. With the rapid
progression of industry, there has been a significant surge in the demand for Platinum Group
Metals (PGMs). Presently, PGM resources are primarily concentrated in a limited number of
geographical regions worldwide thus, ores with exceedingly low PGM concentrations,
typically not exceeding 2-3 ppm. PGMs also find application in auto-catalytic converters,
where their concentration varies from 100 to 10,000 ppm, depending on the specific model,
type, and production year. Hence, the recycling of automotive catalytic converters becomes
imperative. The extraction of PGMs from automotive catalytic converters has traditionally
employed two primary methods: hydrometallurgical recovery, which encompasses leaching
and subsequent PGM precipitation; and the pyrometallurgical route, involving the enrichment
of PGMs within a metallic phase, followed by integration into the hydrometallurgical process.
The pyrometallurgical approach is favored for its reduced chemical usage and more
environmentally sustainable solutions, making it the method of choice in numerous industrial
recovery units. In pyrometallurgical PGM recovery, the composition of the slag, the nature of
the collector phase, and the process temperature directly influences the efficiency. The slag
composition should feature a low melting temperature and minimal viscosity, while the
selection of the collector phase necessitates consideration of subsequent processing steps.
Additionally, the process temperature must be carefully chosen, taking into account associated
energy costs. In order to address these challenges in pyrometallurgical recovery of PGMs
from waste auto-catalytic convertors, our research group investigated efficacy of PGM
recovery using a laboratory-scale arc furnace. Within the scope of this study, a direct current
(DC) arc furnace has been specifically designed for the efficient recovery of PGMs from
automotive catalytic converters. This endeavor encompassed the mechanical system design,
crucible design, and automation, all of which are detailed in this work. Furthermore, we
explored the optimization of the slag, both theoretically and experimentally. Theoretical
calculations were performed using FactSageTM, and the influence of flux additions on the
thermal behavior of the slag was investigated through differential thermal analysis and
thermogravimetric analysis (DTA-TGA).

Keywords: auto-catalytic convertors, platinum group metals, extractive metallurgy,
pyrometallurgy
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Abstract
The rapid transition from conventional vehicles to electric vehicles (EVs) is creating global
demand for cobalt, a key component of the common lithium-ion batteries that power electric
vehicles. Even if EV battery production shifts to low-cobalt formulations, this prediction
remains valid. Annual demand for cobalt in the European Union is currently approximately
nine times the domestic supply [1]. This inequality will increase further over the next decade
and that the EU will continue to rely heavily on imports for the foreseeable future. Electric
vehicles (EVs) typically utilize the most widespread variants of lithium-ion batteries. These
days, almost all commercialized lithium-ion secondary batteries use LiCoO2, LiMn20sa,
LiNiO., or related oxides as the cathode material [2]. Exploring recycling methods for
lithium-ion batteries, particularly the cobalt metal they contain, holds the potential to address
cobalt supply concerns.
Achieving cost-effectiveness is crucial for the recycling of lithium-ion secondary batteries.
This ensures that the process is not only economically viable but also environmentally
sustainable. While some hydrometallurgical and pyrometallurgical methods for recycling used
lithium-ion secondary batteries have already been documented or granted patents, the
majority of these methods are now undergoing pilot or lab testing. Furthermore, a highly
contested area of research is the synthesis of LiCoO2, LiMn20Oa4, LiNiO2, and related oxide
electrode materials using recycled metal from discarded lithium-ion secondary batteries [3].
Yet, most research initiatives about chemical processes have not succeeded in fully separating
individual metal values from the components of the cathode.
In this study, for the purpose of recover as much of the precious metals as possible and design
a straightforward and environmentally acceptable recycling procedure, a range of leaching
techniques utilizing different amount of H.O> as an oxidizing reagent have been employed to
extract Co from the battery cathode material using DEHPA. This process includes dissolving
in acid solution, neutralization, oxidation, reduction, and filtering. After the recycling process,
the amount of Co was measured UV-visible spectroscopy and calculated extraction
efficiency.
Keywords: Li-ion battery, cobalt recovery, solvent extraction, extractive metallurgy,
recycling
[1] “Cobalt and electric mobility.” Accessed: Oct. 20, 2023. [Online]. Available:
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/cobalt-and-electric-mobility-
2018-11-13 en
[2]  O. Velazquez-Martinez, J. Valio, A. Santasalo-Aarnio, M. Reuter, and R. Serna-
Guerrero, “A Critical Review of Lithium-lon Battery Recycling Processes from a Circular
Economy Perspective,” Batteries, vol. 5, no. 4, Art. no. 4, Dec. 2019, doi:
10.3390/batteries5040068.
[3] X. Zheng et al., “A Mini-Review on Metal Recycling from Spent Lithium lon
Batteries,” Engineering, vol. 4, no. 3, pp. 361-370, Jun. 2018, doi:

10.1016/j.eng.2018.05.018.

145


mailto:gunals@itu.edu.tr
mailto:saracoglum16@itu.edu.tr
mailto:geziciu@itu.edu.tr

International Conference on Materials Science and Manufacturing (ICMSM 2023)

GOFRET IMALAT HATLARINDA KULLANILAN GOFRET TASIMA MAKARASI
Kadir Bakirtas®*, Ugur Koklii®*

Tiifekgiogullart Makine Sirketi Ar&Ge Merkezi, Karaman, 70200, Tiirkiye,
bMakine Miihendisligi Boliimii, Karamanoglu Mehmetbey Universitesi, Karaman, 70200,
Tiirkiye
Sorumlu Yazar E-postasi:. kadir.o@nefamak.com.tr

OZET

Gofret tiretim hatlarinda, gofret yapraklar ile gofret bloklarin1 makineler arasinda tagima ve
aktarma islemi genellikle konveyoérlerle gerceklestirilmektedir. Gofret tasima makarasi,
endiistride gofret liretim tesislerinde gofret yapragi veya gofret blogunu tasima ve aktarmada
kullanilmaktadir. Gofret tasima makaras1 gidaya dogrudan temas ettigi i¢in gidaya uygun
malzeme seg¢ilmesi son derece onemlidir. Gofret tasima ve aktarma islemini gofret tagima
makarasi, motordan aldig1 gii¢ ile donme islemi yapmaktadir. Makaranin donmesi ile iistiine
baglanan O-ringler sayesinde kayis kasnak sistemi makaralar arast donme hareketi
yapmaktadir. Bu O-ring sistemi iizerine gofret yapragi veya blogunun taginmasi
saglanmaktadir. O-ringler birbirine baglanirken titresim ile 1sitilarak gergin sekilde birlestirme
islemi yapilmaktadir. Bir gofret iiretim tesisinde yaklasik 500-700 adet gofret tasima makarasi
kullanilmaktadir. Miithendislik plastikleri, islenebilirligi kolay ve diger malzemelere gore daha
ucuz olmasi sebebiyle endiistride yogun bir sekilde kullanilmaktadir. Termoplastik
malzemelerin imalat yontemleri arasinda ise gida makineleri sektoriinde yaygin olarak talaglt
imalat yontemi tercih edilmektedir. Talagli imalat yOnteminin tercih edilmesinin sebebi,
metalleri isleyen takim tezgahlarinin ek bir yatirim maliyeti gerektirmeksizin termoplastik
malzemelerin, istenilen sekilde imal edilmesine olanak saglamasidir. Talasli imalat yontemi
ile polimerik malzemeler hem daha kisa siirede hem de istenilen geometrik seklin hassas
olarak imalat edilmektedir. Buna ilaveten bu proses seri imalata da uygun oldugu igin tercih
edilmektedir. Gofret tasima makaralar1 bir miihendislik termoplastigi olan poliasetal
malzemesinden {iretilmektedir. Cilinkii poliasetal, yogunlugunun diisilk olmasi ve talash

imalatta islene bilirliginin kolay olmasindan dolay1 tercih edilmektedir.

Anahtar kelimeler: Gofret tasima makaralari, termoplastik, gida makineleri, talasli imalat
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COK MALZEMELI PARCALARIN YAPISTIRILMA iSLVEMiNDE PARCA
DOLULUK ORANI VE MALZEME FAKTORLERININ DEGERLENDIRILMESI

Irem KURT BENLI?, Nergizhan ANACZ, Oguz KOCARS?, Furkan PARMAKSI1Z*

YYiiksek Lisans Ogrencisi, Zonguldak Biilent Ecevit Universitesi, Makine Miihendisligi,
iremkurt674@gmail.com, 0000-0003-4642-6981
2Doktor Ogretim Uyesi, Zonguldak Biilent Ecevit Universitesi, Makine Miihendisligi,
nergizhan.kavak@beun.edu.tr, 0000-0001-6738-9741
3Doktor Ogretim Uyesi, Zonguldak Biilent Ecevit Universitesi, Makine Miihendisligi,
oguz.kocar@yahoo.com.tr, 0000-0002-1928-4301
*Yiiksek Lisans Ogrencisi, Zonguldak Biilent Ecevit Universitesi, Makine Miihendisligi,
parmaksizfurkan67@gmail.com, 0000-0001-7002-9157

Ozet
Uzun yillar boyunca geleneksel imalat yontemleri ile iiretilen parcalar {irline doniisiirken,

cesitli birlestirme teknikleri (mekanik birlestirme, kaynak, yapistirma vb.) kullanilarak basit
veya karmasik montaj siirecleri gecirmislerdir. Ozellikle birbirine benzemeyen birden fazla
malzemenin birlestirilmesi sagladigi avantajlardan dolay1 ilgi ¢ekici olmustur. Son yillarda
gelistirilen eklemeli imalat teknolojilerinden biri olan 3 boyutlu (3B) yazicilar gibi yenilik¢i
araclarin, bilinen imalat yontemleri ile kiyaslandiklarinda ¢ok pargali iiriinlerin iiretilmesi
konusunda maliyet ve zaman ag¢isindan 6nemli avantajlar saglamaktadir. 3 boyutlu yazicilarin
birden fazla baski kafasina sahip olabilmesi sayesinde farkli malzemelerin ayni iiriin tizerinde
es zamanli basilmasi saglanabilmektedir. Fakat, kullanilan sarf malzemelerinin gesitleri ve
iiretilen parcalarin boyutlar1 siirlidir. Buna ragmen, giin gectik¢e 3 boyutlu yazici teknolojisi
gelismeye devam etmektedir ve malzeme ¢esitliligi de artmaktadir. Gelecekte 3 boyutlu
yazicilarda kullanilacak malzeme sayisi arttikca, ¢oklu malzemelerden olusmus yiiksek
teknoloji iirlinlerinin tretilecegi ongoriilmektedir. Giinlimiizde arastirmacilar, malzemelerin
cesitleri ve yiizde oranlarinin degistirilmesiyle ¢ok malzemeli pargalar iretilmesi hakkinda
caligmalar yapmaktadirlar. Buna ragmen, ¢cok malzemeli pargalarin birlestirilmesi islemleri ve
bu islemlerde malzeme ¢esidi ile malzeme doluluk oranlarinin etkileri konusunda literatiirde
herhangi bir ¢calismaya rastlanilmamustir.

Bu c¢aligmada, ¢ok malzemeli pargalardan olusturulan yapistirma baglantilarinda, parca
doluluk oran1 ve malzeme kombinasyonlarinin baglanti mukavemetine etkileri aragtirilmistir.
Iki farkli filament malzemesi (PLA Plus ve PLA CF), iki farkli malzeme doluluk orani (%50
ve %100) kullanilarak, tekli malzeme ve ¢oklu malzeme formunda ¢esitli deney numuneleri 3
boyutlu yazict ile {retilmistir Bu numunelerin yapistirict kullanarak birlestirilmesi
(yapistirma islemi) gergeklestirilmistir. Deney numuneleri sertlik ve ¢cekme testlerine tabi
tutulmustur. Testlerin tamami oda sicakliginda yapilmistir. Sonug olarak, ¢ok malzemeli
parcalarin yapistirilma isleminde parga doluluk orant ve malzeme faktorleri birlikte
degerlendirilmistir.

Anahtar sozciikler: Eklemeli imalat, 3B yazdirma, birbirine benzemeyen plastik malzemeler,
coklu malzemeler, yapistirma islemi, mekanik 6zellikler
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MIG/MAG KAYNAGINDA KORUYUCU KAYNAK GAZI DEBISININ KAYNAK
NUFUZIYETINE ETKILERININ ANALIiZi VE INCELENMESI

Anil SEKERY, Furkan DEGIRMENCIOGLU? Mesut KARAKUS?

! anilseker@hotmail.com, Demircioglu Group, Arge Merkezi
0000-0002-7460-0151
?furkan.degirmencioglu45@gmail.com, Demircioglu Group, Arge Merkezi
0009-0008-4835-1842
mesutkarakusmm@gmail.com, Demircioglu Group, Arge Merkezi
0009-0008-7082-874X

3

Ozet
Gilinlimiiz endiistrisinde ¢oziilemeyen baglanti yontemlerinden biri olarak siklikla kullanilan

kaynak prosesi, agik-kapali alanlarda ve su alt1 gibi ¢ok ¢esitli ortamlarda farkli malzemelerin
birlestirilmesinde rol oynayarak iiretim siirecinin basarisi ve siirdiiriilebilirligi agisindan énem
arz etmektedir. Dinamik ve hizla degisen endiistri sartlar1 altinda artan kiiresel rekabet ile
birlikte kaynak teknolojisi alaninda bir¢ok farkli uygulama yontemi gelistirilmistir. Bu
caligma, diisiik karbonlu ¢elik ve otomat ¢eligi kullanilarak farkli metal ¢iftlerinin dairesel
gazalt1 kaynak prosesinin istenen kalitede olmasi i¢in koruyucu kaynak gazi debi miktarinin
optimum degerini bulma {izerinedir. Gaz alt1 kaynagi, kaynak yapilacak metal ile tiikenen bir
kaynak elektrot pargasinin arasinda olusan elektrik arkinin gaz korumali olarak yapilmasi
islemidir. Koruyucu kaynak gazi kullanim1 sayesinde, kaynak yapilan bdlgenin havadan ve
diger etmenlerden etkilenmemesi saglanir. Caligmada gaz alti kaynak yontemlerinden olan
MIG kaynagi ve koruyucu gaz olarak Ar ve CO> gaz karisimi kullanilarak farkli koruyucu gaz
debilerinin kaynak niifuziyetini nasil etkiledigi incelenmistir. Calismaya baslamadan 6nce
diger kaynak parametreleri ve kullanilacak kaynak teli belirlenmistir. Sonrasinda ise dairesel
kaynak islemi gerceklestirilmistir. Gergeklestirilen dairesel kaynak islemi sonrast numunelere
TS EN ISO 5817 nolu standardin D Kalite seviyesi esas alinarak niifuziyet testi uygulanmistir.
Kaynak niifuziyeti test sonuglarindan sonra optimum koruyucu kaynak gazi debi miktar
belirlenmistir. Optimum sonuglarin elde edildigi debi miktarin1 bulmak, istenen kaynak
kalitesine ve daha fazla koruyucu kaynak gaz1 kullanimin1 engelleyerek maliyeti azaltmaya
yardime1 olmaktadir. Optimum gaz debi miktarinin bulunmasinin baska bir 6nemli noktasi ise
yiksek akim siddetlerinde yapilan kaynak isleminde, gaz debisi diisiik kalirsa kaynak
banyosunda si¢rayan metal damlalari nozulun i¢ ylizeyine yapisarak nozulun belirli araliklarla
temizlenmesine veya nozulun degistirilmesine sebep olur. Yapilan ¢aligmalar ile daha verimli
bir iiretim siireci saglamaya, daha kaliteli liriinler imal etmeye ve giiniimiiz endiistrisinin
bekledigi diisiik hata ve yiiksek verimlilik beklentisi yakalanmaya c¢alisilmigtir.

Anahtar kelimeler: Gaz alt1 kaynagi, gaz debisi, kaynak niifuziyeti
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POST-TUKETICI KAYNAKLI POLIETILEN/THERMOPLASTIK NiSASTA
KARISIMLARININ HAZIRLANMASI VE KARAKTERIZASYON

Baris ONER!?, Tolyga GOKKURT?, Yasemen GOKKURT?, Ayse AYTAC*
!AR-GE Kidemli Uzmani, EGGER DEKOR, AR-GE Béliimii, baris.oner@egger.com,
0009-0000-7470-2636
2AR-GE Yoneticisi, EGGER DEKOR, AR-GE Boliimii, tolga.gokkurt@egger.com,
0000-0003-4349-9430

3AR-GE Uriin Teknoloji Takim Lideri, EGGER DEKOR, AR-GE Boliimii,
yvasemen.gokkurt@egger.com, 0009-0000-5119-8668

4 Kimya Miihendisligi Béliim Baskani, Kocaeli Universitesi, aaytac@kocaeli.edu.tr

Ozet

Son yillarda, plastik malzeme tiiketimi diinya genelinde onemli Olgiide artis gdstermis ve
bunun sonucunda plastik atik iiretimi de buna paralel olarak artmistir. Plastik kirliliginin
olumsuz sonuglarini hafifletmek i¢in geri doniisiim yaygin bir yaklagim olarak ortaya ¢ikmis
ve boylece c¢evreyi koruma amaci gidiilmiistiir. Plastik malzemelerin geri donilisiimii, atik
bertarafinin gevresel etkilerini azaltmanin yani sira degerli kaynaklarin yeniden kazanilmasini
da kolaylastirarak ekonomiye olumlu etki yapmaktadir. Geri donilisim calismalarina ek
olarak, biyopolimerlerin kullanimi, plastikler tarafindan sebep olunan olumsuz gevresel
etkileri daha da azaltma ve dolayisiyla karbon ayak izini azaltma agisindan her gegen giin
daha da onem kazanmaktadir. Bu calisma, 6zellikle mobilya sektoriinde kenar bantlarinin
nakliye siire¢lerinde kullanilan ambalaj malzemelerinin, 6zellikle diisiik yogunluklu polietilen
(LDPE) yerine kullanilabilecek geri doniisiim tabanli biyopolimer/LDPE hammadde elde
etmeyi amaglamaktadir. Bu amacla, ambalaj atigindan elde edilen geri doniistiiriilmiis diisiik
yogunluklu polietilen (r.LDPE), misir nisastasindan tiiretilen termoplastik nisasta (TPS) ve li¢
farkli uyumlastirict kullanilmigtir.  Diisiik yogunluklu polietilen- graft-maleik anhidrit
(LDPE.g.MA), maleik anhidrit- graft-etilen propilen dien kaugugu (EPDM.g.MA) ve maleik
anhidrit graft plastomer (PP/PE.g.MA), uyumlastiricilar olarak secilmigtir. Tim bu
uyumlastiricilar yiiksek oranda maleik anhidrit i¢cermektedir (%1). Bu sec¢ilen hammadde
kombinasyonuyla laboratuvar olg¢eginde ¢ift vidali ekstruder kullanilarak farkl
formiilasyonlara sahip r.LDPE/TPS karisimlari iiretilmistir. Uretilen r-LDPE/TPS karisimlar,
mekanik, termal, yapisal ve morfolojik analizlerle 6zellikleri degerlendirmek i¢in karakterize
edilmistir. Cekme mukavemeti degerlerinin, yiiksek seviyede maleik anhidrit asilanmis
polimer esasli uyumlastiricilarin eklenmesiyle arttigi tespit edilmistir. Benzer sekilde,
ozellikle ambalaj film uygulamalarinda 6nemli bir parametre olan kopma uzama degerlerinin
uyumlastiric1 ilavesiyle arttigi belirlenmistir. Ayrica, blend calismalari i¢in 6nemli olan
araylizey etkilesimlerinin maleik anhidrit asilanmis uyumlastiricilarla istenen seviyede
iyilestigi gozlemlenmistir. Son olarak, DSC analiziyle belirlenen erime sicakligi ve
kristalizasyon sicakligi gibi termal ozellikler, iiretim siirecini onemli dlgiide etkilemeyecek
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diizeylerde hafif bir degisiklik gostermektedir. EPDM.g.MA ve PP/PE.g.MA tiirlindeki
uyumlastiricilari iceren karisimlarda arayiizey etkilesimi iyilesmistir. Bu bulgular, elde edilen
sonuglarin ambalaj endiistrisinde ne kadar dnemli parametreler oldugunu vurgulamaktadir.

Anahtar kelimeler: Biyopolimer, nisasta bazli termoplastikler, geri doniistiiriilmiis polietilen,
maleik asilanmis uyumlastiricilar
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OTOMOBIL DEPO YAKIT SEVIYE KAPAGININ METALDEN PLASTIGE
DONUSUMU ILE AGIRLIK AZALTMA UYGULAMASI UZERINE BiR
ARASTIRMA

Ugur EFE !

Makine Miihendisi, YPS Otomotiv A.S. Tasarim Merkezi, ugur.efe@yps.com.tr, (Orcid:
0000-0001-7716-3404)

Ozet

Otomotiv sektorii yan sanayilerle birlikte lilkemiz ve diger iilkelerde ekonomik agidan ¢ok
onemli bir yer tutmaktadir. Giiniimiizde, otomotiv sektdriinde faaliyet gosteren firmalar arasi
rekabet hizla yiikselmekte ve buna bagli olarak verimlilikte artis, kaynaklarin etkin
kullanilmasi, idari ve teknik organizasyonlar gibi unsurlarla birlikte, araclarda agirlik azaltma
biiyiik 6nem kazanmaktadir. Ozellikle binek tagitlarda artan zati agirlik, dogrudan yakit
tiketimini artirmaktadir. Yakit tiiketiminin artmasi, dogrudan emisyon oranlarin1 da
arttirmaktadir. Hem kiiresel 1sinma, hem dogal kaynaklarin azalmasi ile ayn1 zamanda cevre
kirliliginin artmasi, ara¢ agirliklarinin hafifletilmesi konusunu, otomotiv sektoriinde faaliyet
gosteren firmalarin baglica ¢calisma konulari arasina girmistir.

Araclarin yakit tiikketimini ve buna bagli olarakta emisyon oranlarmi azaltmada en etkili
¢oziimlerden biri tasit agirliginda azaltilma yapilmasidir. Son yillarda, otomotiv sektoriinde
faaliyet gosteren firmalar, otomobillerde agirlik azaltma icin metal hammadde kullanimi
yerine, plastik hammadde kullanimi1 saglayarak, hammadde kaynakli tasitlarda agirlik azaltma
calismalar gittikce dnem kazanmaktadir. Ulkemizde otomotiv sanayinde gelisen teknolojiye
paralel olarak, otomotiv sektoriinde kullanilan plastik parga iiretimi de artmaktadir. Otomobil
imalatinda giderek artan plastik tiiketimi, plastik parcalarin imalatinda kullanilan plastik
hammaddeleri de ¢esitlendirmektedir.

Bu caligmada, binek otomobillerde kullanilan FEP04 metal malzemeden yapilan depo yakit
kapagi komponentinin 6nerilen durumda, Polipropilen ve PA66-GF30 plastik malzemeye

......

etkileri bakimindan arastirilmasi yapilmaistir.

Anahtar kelimeler: Depo yakit seviye kapagi, Polipropilen, PA66-GF30, Agirlik azaltma,
Metal-plastik doniistimii
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FARKLI METAKRILAT MONOMERLERI iCEREN MALEIK ANHIDRIT-STIiREN
BAZLI TERPOLIMERLERIN SENTEZiI KARAKTERIZASYONU ve
TERMOMEKANIK OZELLIiKLERININ BELIRLENMESI

Ersen YILMAZ *

* Doktor Ogretim Uyesi, Munzur Universitesi, ersenyilmaz@munzur.edu.tr
Orcid ID : 0000-0002-8567-1668

Ozet
Maleik anhidrit-Stiren (MAS) kopolimeri seffaf, yiiksek termal ve kimyasal direngli, yliksek

boyutsal kararlili§a sahip bir polimerdir. Ayrica igerdigi anhidrit grubu dolayisiyla spesifik bir
reaktiviteye sahiptir. Yiiksek mol kiitleli MAS kopolimerleri, miihendislik plastigi
uygulamalarinda, otomobil parcalarinda, kiiciik ev aletlerinde, yemek servisi yapilan kaplarda,
yapistirict ve polimer karisimlarinda ise uyumlastirict olarak kullanilir. Bu ¢alismada, Maleik
anhidrit (MA), Stiren (S) monomerleriyle Etil metakrilat (EMA) ve biitil metakrilat (BMA)
monomerleri kullanilarak iki farkli terpolimer Maleik anhidrit-Stiren-Etil metaktrilat (MA-S-
EMA) ve Maleik anhidrit-Stiren-Biitil metaktrilat MA-S-BMA sentezlendi. FT-IR ile
kimyasal yap1 karakterize edildi. Viskozimetrik l¢ctimlerle mol kiitleleri kiyaslandi. Termo-
mekanik analizle gerilim-gerinim (sterss-strain), gerinim-sicaklik ve elastik modiil-sicaklik
egrileri elde edildi. Diferansiyel Taramali Kalorimere (DSC) ile cams1 ge¢is sicakligi (Tg)
Olgimii yapildi. Analizler sonucunda, FT-IR spektrumunda sentezlenen terpolimerlere ait
karakteristik pikler gdzlemlenmistir. Terpolimerlerin mol kiitlesi biiyiikliiklerinin MA-S-EMA
> MA-S-BMA seklinde oldugu bulunmustur. Termo-mekanik 6l¢iim sonuglarindan MA-S-
BMA terpolimerinin daha yiiksek elastik modiile sahip ve dolayisiyla daha sert oldugu
belirlenmistir. Hem termomekanik hem de kalorimetrik o6l¢iimlerden MA-S-EMA
terpolimerinin daha yiiksek bir Tg degerine sahip oldugu gézlemlenmistir. Terpolimerlerin Tg
sicaklilar1 DSC termogramindan; MA-S-EMA ve MA-S-BMA icin sirasiyla 145,8 °C ve
135,3 °C olarak hesaplanmustir. Sonuglar 1s131nda, laboratuvarda sentezlenen iki terpolimerin
de endiistriyel kullanimlar i¢in islevsel olabilecegi 6ngdriilmiistiir.

Anahtar kelimeler: Terpolimer, maleik anhidrit, akrilat, termal analiz, mekanik analiz
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AN INVESTIGATION OF THE FATIGUE LIFE OF WC- 26 WT.% CO MATERIAL
USED IN COLD FORGING DIES

Burak Hizli', Kubra Ozturk?, M. Burak Toparli 3, Umut Ince?

'R&D Center, Norm Izmir Civata San. ve Tic. A.S., burak.hizli@normfasteners.com

?R&D Center, Norm Izmir Civata San. ve Tic. A.S., kubra.ozturk@normfasteners.com

3R&D Center, Norm Izmir Civata San. ve Tic. A.S., burak.toparli@normfasteners.com

“R&D Center, Norm Izmir Civata San. ve Tic. A.S., umut.ince@normfasteners.com

Abstract

The cold forming of fasteners requires high forging forces, which cause significant stresses in
the dies. WC-Co materials are preferred for use in die materials in the production of fasteners
through cold forging, due to their high strength, wear resistance, high hardness, and low
elastic deformation characteristics. Precise estimation of die life is critical for enhancing
production efficiency and reducing die-related expenditures especially in the cold forging
processes. The aim of this study was to reveal the fatigue behavior of WC-Co materials with a
Co content of 26%, which are commonly used in forging dies. Experimental investigations
were to determine and compare the fatigue performance at three different stress amplitudes
using three-point bending fatigue testing of WC-%26 wt Co. To investigate the fatigue
behavior under a wide range of loading conditions, three stress amplitudes of 750, 800, and
850 MPa corresponding to 25%, 27%, and 28.3% of compressive strength of WC-%26 wt Co.
were selected for fatigue testing. Maximum and minimum stress values were calculated for
stress ratio of R0.1 and R0.2. Loading frequency in fatigue testing was set to 72.45 Hz. The
fatigue performance of each set was determined from the mean of at least three test results.
After completing the experiments Goodman-Haigh diagrams were obtained from the

experimental results.

Keywords: WC-Co, Co ratio, Fatigue life, Cold forming
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THE INVESTIGATION OF MECHANICAL PROPERTIES AND PERFORMANCE
OF ADDITIVELY MANUFACTURED STAINLESS STEEL BOLTS

Burak Hizli, Sarper Dogan?, M. Burak Toparli®, Umut Ince*, Paul Boreham?®, Kyriakos
Kourousis®
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SSchool of Engineering, University of Limerick, paul.boreham@ul.ie
®School of Engineering, University of Limerick, kyriakos.kourousis@ul.ie

Abstract
In recent years, additive manufacturing of metallic materials has become one of the most

interested manufacturing method in terms of beneficial capabilities over free-form modelling,
rapid prototyping, and less material waste. Therefore, it enables to create complicated
components for various applications in different industries. For the fastener industry, cold
forming operation is an efficient and proven method for mass production, on the contrary,
additive manufacturing can be implemented in production of stainless steel fasteners, which
have certain restrictions for cold forming considering high forging load requirements and
decreased performance of forming dies. In the scope of this study, M5 stainless steel bolts
produced from 316L powder by additive manufacturing were compared to AN3-4A steel bolts
and M5 8.8 grade steel bolts produced by 23MnB4 carbon steel based on the performance
during tightening process. Hence, breaking torque tests were carried out. According to the
results, additively manufactured bolts reached the highest breaking torque values in 60°
orientation compared to other orientations. Additionally, those bolts exhibited lower breaking
torque performance than that of both AN3-4A steel bolts and 8.8 grade steel bolts. Thereafter,
fracture surfaces of tested bolts were examined using SEM in order to understand the failure
at lower breaking torques. It was seen that fracture initiated in the lack-of-fusion zones and

partially melted zones due to higher stress concentration as a result of torsion.

Keywords: Metal additive manufacturing, stainless steel, steel, bolt, breaking torque
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PRECIPITATION OF ERBIUM MOLYBDATES FROM MOLYBDENUM-
CONTAINING LEACHING SOLUTION

Mehmet Kayra KARACAHAN"

Rare Earth Elements Application and Research Center, Munzur University, Tunceli, Tiirkiye
“‘mtanaydin@munzur.edu.tr

Abstract

Molybdenum and its derivatives are considered strategic compounds with extensive
application in various fields, including catalysts, nuclear energy, petrochemicals, medical,
aerospace, and solar cells. Erbium molybdates are special materials that aid in various
applications, such as sensors, photocatalysts, photonics, and laser devices. This study
investigated the leaching kinetics of molybdenum trioxide concentrate with ammonia
solution. The effects of ammonia concentration, temperature, solid/liquid ratio, and particle
size on the dissolution of molybdenum were investigated. It was found that the leaching rate
increased with increasing temperature, stirring speed, and concentration as well as decrescent
particle size and solid/liquid ratio. It was determined that molybdenum was leached from
MoO3 with an average yield of 98% under optimum conditions. Erbium molybdate was
obtained by adding erbium nitrate to the leaching solution using optimum parameter values.
XRD and SEM characterized the obtained erbium molybdate.

Keywords: Molybdenum trioxide, Leaching, Erbium Molybdate, Molybdenum, Ammonia.
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Ozet

Plastik malzemeler; ucuz, hafif ve laboratuvar kosullarinda kontrollii tiretilerek 6zelliklerinin
gelistirilmesinin  miimkiin olmas1 sayesinde endiistride vazgegilemez hale gelmistir.
Plastiklerin iiretimi i¢in c¢esitli metotlar bulunmakta birlikte, son yillarda hizla gelisen
3Boyutlu yazici teknolojisi ile bilinen geleneksel iiretim yontemlerinden farkli bir teknikle
parca lretmek miimkiin olmustur. 3B yazicilarda termoplastik malzemelerin kullanildig1 bu
yenilik¢i katmanli imalat teknolojisinde, maliyet ve zamandan tasarruf gibi dnemli avantajlar
bulunmaktadir. 3Boyutlu yazicilarin tercih edilme sebeplerinden en Onemlisi pargalarin
doluluk oranmin degistirilebilmesi 6zelligi yani diisiik doluluk oranina sahip pargalarin
uretilebilmesidir. Yontemin dezavantaji Uretilen parcalarin boyut sinirmmin bulunmasi ve
biiyiik parca tretilmesi istendiginde birlestirme yontemlerinin kullanilmasi gerekliligidir. Bu
nedenle, 3Boyutlu yazicilarda iiretilen pargalarin montaji veya birlestirilmesi yapilmalidir.
Plastiklerin birlestirme islemleri genellikle kaynak, yapistirma veya mekanik baglama
elemanlar ile gergeklestirilmesine ragmen, karmasik ve biiyiik parcalarin iiretimi ¢ogunlukla
kaynak teknolojisine ihtiya¢ duyar. Siirtiinme karistirma kaynagi (SKK), 1991 yilinda ingiliz
TWI (The Welding Institute) tarafindan patenti alinmis ve o zamandan bu yana hakkinda
birgok calisma yapilan bir kati hal yontemidir. Ik olarak, aliiminyum ve aliiminyum
alagimlarinin birlestirilmesi i¢in yeni bir kaynak yontemi olarak ortaya ¢ikmistir. Giinliimiizde
hem metal ve metal alagimlarinin hem de plastik malzemelerde kullanilabilmesine ragmen,
plastiklerin siirtiinme karigtirma kaynagiyla birlestirilmesinde endiistriyel uygulamalarin ve
akademik c¢aligmalarin ¢ok yayginlasmadigi gortilmiistiir. Ayrica 3B yazicilarda imal edilen
diisiik doluluk oranlarina sahip malzemelerin siirtiinme karigtirma kaynagi konusunda da
literatiirde herhangi bir bilgiye rastlanilmamustir.

Bu nedenle yapilan calismada, 3boyutlu yazicilarda tiretilen diigiik doluluk oranlarina sahip
PLA Plus malzeme ve bu malzemelerden yapilan siirtiinme karigtirma kaynakli baglantilar
lizerine odaklanilmistir. Deneylerde, siirtiinme kaynagi islem parametreleri (ilerleme hizi: 50
ve 100 mm/dak ve donme hizi: 1000 ve 1500 dev/dak) ve 3B yazdirma islem parametrelerinin
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(doluluk oranlar1) kaynak mukavemetine etkilerinin arastirilmasi amaglanmistir. Sonug olarak,
3B iiretilmis pargalarin siirtinme karistirma kaynak islemleri degerlendirilmistir.

Anahtar sozciikler: Katmanli imalat, 3B yazdirma, siirtinme karistirma kaynagi, plastik
malzemeler, mekanik 6zellikler
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Abstract

The importance given to increasing the ballistic protection and survivability levels of defense
industry vehicles is increasing day by day. With these studies, the thickness of armor steel,
which is the most widely used armor material, needs to be optimized and the hardness-
toughness balance of the internal structure needs to be improved and verified with ballistic
tests to make it usable.

Ballistic tests are carried out according to the levels in STANAG 4569 Logistics and
Protection Levels Standard for Light Armored Vehicles, taking as reference the ammunition
type, ammunition speed and number of shots. Levels range from 1 to 6 and starting with 5x56
mm ammunition, the penetration effect is strengthened by increasing the ammunition type,
bullet type, caliber and ammunition speed. Tests must be carried out in accordance with the
standard at specified levels. Speed measurements are made with acceleration detectors that
must be available in ballistic test centers, and it is determined that the shots are made at the
speeds specified in the standard. The shot is considered valid if the deviation at the firing
point is determined to be within 0.5 mm using deviation cards and deviation tables; If it is
found to be more than 0.5 mm, the shot will be considered invalid. When the shots reach the
plate, a light penetration test is performed on the witness plate, which consists of 3 mm
aluminum 5083 material that simulates human skin behind the plate. By checking the surface
with light in a dark environment, it is verified whether shrapnel fragments cause a puncture in
the structure. Due to the surface hardness of the armor steel, the kinetic energy of the
ammunition is absorbed and fractures, i.e. shrapnel, occur in the bullet core. Since the surface
hardness of the armor steel decreases and its toughness increases towards the internal
structure, it is aimed to provide full protection by eliminating shrapnel pieces.

If there is light leakage in the witness sample as a result of ballistic tests, the configuration is
considered unsuccessful. Configuration deemed unsuccessful is rejected; Tests can be
continued with the new configuration solution created by changing the thickness, brand and
mechanical properties.

Key words: Armor steel, Ballistic Tests, STANAG 4569
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Abstract

Climate change is causing a change in local rainfall, which generally brings with it a
reduction in rainfall and, consequently, an increase in water hardness. For that reason, new
eco-friendly technologies able to manage and reduce the hardness of the water are
demanded. In this project, different polymers formed from cyclodextrins and maltodextrins
(Linecaps® and Glucidex®) with different crosslinking agents (carbonilimidazole,
pyromellitic anhydride and citric acid), called Nanosponges, have been studied as an active
agent in the chelation of Ca?* and Mg?* cations as an example of application. The polymers
were characterized using TGA and FTIR demonstrating the correct formation of the Ester
bond. After that, they were tested suggesting a greater application of pyromellitic anhydride
and citric acid derivatives for both cations, although the Glucidex® polymers were the most
interesting due to their high affinity and lower cost. Finally, using Bacillus subtilis as a
model, the microorganism's ability to degrade polymers was studied, with a view to a
possible final application. The results suggest greater biodegradability of the
carbonylimidazole and citric acid polymers compared to those of pyromellitic anhydride,
due to the different affinity against a-amylase and intrinsic antimicrobial activity. This was
also verified by the presence higher protein ammounts, indicating a greater enzyme
production. This work suggests a potential use of these polymers in the treatment of hard
water and their biocompatibility with the environment.

160


mailto:adrian.matencioduran@unito.it

International Conference on Materials Science and Manufacturing (ICMSM 2023)

12.12.2023
ISBN: 978-625-09488-7-4

ASES PUBLICATIONS - 20230

161



