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IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID
or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

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

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 and hall number,

exp. H-2, S 1 NAME SURNAME
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Cogress Opening Speach PROEF. DR. ERGUN KOCA
24. 04. 2021 10: 00 - 10:10

24.04.2021 HALL: 1 SESSION: 1

Meeting ID: 824 6189 4778 Passcode: 242504

10:15 - 12:00 (Turkey Time) MODERATOR:
11:15 - 13:00 (AzerbaijanTime) ASSOC. PROF. DR. ZENNURE KOSEMAN

ASSOC. PROF. DR. ZENNURE Edgar Allan Poe’s “The Masque Of The Red Death” Reawakens In The Contemporary Process
KOSEMAN

HIKMST RZAZAD®D The Old Printed Persian Books Dealing With Nasreddin Shah Gajar And Muzaffaraddin Shah
Gajar’s European Visits

AHMET CELIK 93 Harbi Sonrast Kibris'in ingiltere’ye Devrinin Dénemin Rus Basinindaki Yansimalar1

DR. OGR. UYESi CAHIT Koy Ortaokullarinda Gérev Yapan Matematik Ogretmenlerinin Sorunlar
TASDEMIR

BERNA CiVALIOGLU SEVINDIK Hasan Ali Toptas'in “Bir Giiliisiin Kimligi” Adli Hikaye Kitabt Uzerine Bir Degerlendirme
PROF. DR. YAKUP CELIK
DR. OGR. UYESi CiGDEM
TANYEL BASAR Uygulamali Tasarim Derslerinin Uzaktan Egitimle Yuritilmesine Iligkin Gériigler
DR. OGR. UYESi OZNUR ISIR

DOC. DR. SAMi KILINCLI Yiice Allah ile Siirekli iligki Ve Yakinligin Yolu Olarak Her An Allah’t Zikretmek
DOC. DR. SAMi KILINCLI Ram Saresi 1-10. Ayetler Baglaminda Hayatin Zahir Ve Batinini Diisiinmek
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24.04.2021 HALL: 2 SESSION: 1
Meeting ID: 824 6189 4778 Passcode: 242504

10:15 - 12:00 (Turkey Time) MODERATOR:
11:15 - 13:00 (AzerbaijanTime) PROEF. DR. ERGUN KOCA

Authors Topic title

EBRU AKKUYU Sosyoloji Ve Tarih Béliimleri Uzerinden Karsilagtirmali Bolim Secimleri Ve Mesleki Kaygt
EBRU AKKUYU Tiirk Kimligi Yarattminda Halkevleri Ve Dergileri: Elaziz- Altan Dergisi

PROF. DR. RESID CABBAROV Miiasir Dévrda Orgencilerde Sosyo-Kiiltiirel Degerlerin Olusumunun Psixolojik Problemleri

DR. OGR. UYESi CELAL MURAT Egitsel Robotik icin Acil Durum Uzak Laboratuvar Mimarisi
KANDEMIR

DR. OGR. UYESi CELAL MURAT Egitsel Veri Yonetiminde Blokzincir
KANDEMIR

DR.OGRENCISi MUSTAFA
KEMAL HAYTA Nurettin Topcu’da Bat1 Ve Modernlesme Algist

PROF. DR. ERGUN KOCA KKTC’de Alt1 Tlgenin, Kentsel Kimlik Géstergeleri Olarak Kullanilan Logolarin Gostergebilimsel
Coziimlemesi
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24.04.2021 HALL: 3 SESSION: 1
Meeting ID: 824 6189 4778 Passcode: 242504

10:15 - 12:00 (Turkey Time) MODERATOR:
11:15 - 13:00 (AzerbaijanTime) DR. Nadire KANTARCIOGLU

DR. OGR. UYESi CEYDA Gebelikte Tespit Edilen Koroid Pleksus Kistinin Onemi Ve Gebelik Sonuclaryla iligkisi
SANCAKLI USTA
DR. OGR. UYESi DENIZ GENC Dental Folikiil, Dental Pulpa ve Gingiva Mezenkimal Kok Hiicrelerden izole Edilen Eksozomlarin
DR. OGR. UYESi Serhat SEZGIN Meme Kanseri Hiicre Hattinda Apoptotik Yolaklar Uzerindeki Etkisinin Karsilagtirilmast

AYSIN ZULFIKAROGLU

ERSIN iSLER New Pd(II) Complex Based On Hydrazone Ligand Bearing An Oxime Moiety: Structural, Spectral,
EMINE CELIKOGLU DNA Cleavage And DFT Studies
UMUT CELIKOGLU

ONDER iDIL
NECMI DEGE

RANA HAJIYEVA WCCNEQOBAHUE B CO3AAHUWN 3NIEKTPOHHOWN CUCTEMbI B OB/IACTU 34PABOOXPAHEHUA
ALAKBAR HAJIZADA

DR. DiDEM DERELI AKDENIZ Tip 2 Diabetik Hastalarda COVID-19 enfeksiyonu sirasinda Diabetik Ketoacsdoz Geligimi : Vaka
DR. SEYDA KAYHAN

OMEROGLU

DR. OGR. GOR. SULEYMAN Ratlarda Deneysel Omurilik Travmasina Dimetil Siilfoksidin (DMSQ) Topikal Uygulanmasinin

KILINC Tedavi Degeri
DOC DR. MURAT TASKIN

serisi
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24.04.2021 HALL: 1 SESSION: 2

Meeting ID: 824 6189 4778 Passcode: 242504

14:00 - 16:00 (Turkey Time) MODERATOR:
12:00 -14:00 ( Nigeria Time) DR. OGR. UYESi DUYGU FINDIK-COSKUNCAY

DR. OGR. UYESi DUYGU FINDIK- Bilgisayar Destekli isbirlik¢i Ortamlarda Etkilesim Kalitesinin Degerlendirilmesi
COSKUNCAY
YL OGR. FEYZA HANGUL
ARS. GOR. SERAP KALFAOGLU Yesil Yaklagimlar Isiginda isletmelerin Cevresel Siirdiiriilebilirlik Anlayiglart
PROF. DR. TAHIR AKGEMCi

Perakendecilik Sektoriinde Omni-Kanal Pazarlamanin Tekrar Satin Alma Uzerine Etkileri
ABDULGAFFAR MUHAMMAD
ABUBAKAR MUSA
UMAR HAMISU
DR. ABBAS HAMISU
ABDULLAHI TANKO UMARU
NWAHA ABDULLAHI ONIMISI New Public Management Model And Its Application As A Sustainable Model For Public Sector
MUNIRAT TIJJANI MUSA Management
ZAINAB SANI SAMBO
MUSA ADEBAYO NURU
BUSHRA IBRAHIM
SHEHU ABDULKARIM YAKASAI
BILKISU ABDULMUMIN
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PROF. DR. ALI SAHIN
PROF. DR. HUSNU SERDAR OGE Belediye Bagkaninin Yonetim Tarz1 Ve Yerel Hizmet Memnuniveti iliskisi: Aksehir Ornegi
DR. OGR. UYESI YASIN
TASPINAR
Bilincli Tiiketicilik Egilimi ve Tiiketici Haklarma Yonelik Farkindalik
YL OGR. KEVSER AKGUL Kamu Yonetiminde Etik Dig1 Davraniglar Ve Etik Denetimi Unsurlar:

DR. OGR. UYESi CETiN KAPLAN
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24.04.2021 HALL: 2 SESSION: 2
Meeting ID: 824 6189 4778 Passcode: 242504

Authors Topic title

ALI YASIN KAFES ikinci Kusak Aile Terapileri

MIHALIS KUYUCU Z Kugagmin Bakis Acisindan Medya Tiiketim iligkisi

14:00- 16:00 (Turkey Time) MODERATOR:
DOC DR. KENAN ERDAGI

ESMA AKCIL Annelerin Cocuklarin Elestirel Diisiinme Becerilerine Yonelik Gortigleri
DR. OGR. UYESi SERAP DEMiRiZ

DR. OGR. UYESi UMUT TURK Mobility During COVID-19 in Turkey

YL OGR. EMRAH ARSLAN Yengec Sepeti Sendromu’na Teorik Bir Bakis
ARS. GOR. SERAP KALFAOGLU
PROF. DR. TAHIR AKGEMCi

EMIN GITMEZ Yerelde Kamusal Destekler: Kosgeb Ve Kalkinma Ajanst Destekleri Uzerinden Bir Karsilastirma

EMIN GITMEZ Tiirkiye’nin Mevcut Sosyal Yardim Sisteminin isleyisine iliskin Alternatif Oneriler

FATMA YILDIRIM Yengec Sepeti Sendromunda Duygusal Zekanin Etkisi
PROF. DR. HASAN GUL

DOC DR. KENAN ERDAGI Halter Sporcularinda Rectus Femoris Ve Sartorius Kas Kesit Yiizey Alanlarmin Aragtirilmast

DOC DR. KENAN ERDAGI Elit Halter Sporcularinda Piriformis Kas Kesit Yiizey Alanlarmin incelenmesi
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24.04.2021 HALL: 3 SESSION: 2
Meeting ID: 824 6189 4778 Passcode: 242504

Authors Topic title

Is Makinalarinda Hidrolik Sistemde Kullanilan Yag Kirlilik Analizi
DOC DR. KEMAL ERMi$
KIYMET TABAK KIZGIN Analyzing Changing Consumer Behaviors in Apparel Industry
With from Machine Learning Methods: Clustering, Classification and Forecasting

ABDULLAH ISIK Giines Panelleri icin internet Uzerinden Maksimum Gii¢ Noktast Dogrulugunu izleyen Sistem
DOC. DR. AHMET AKTAS$ Tasarimi1
MUSTAFA ACANGUL

FATMA DOGAN Rayl: Sistemlerde Kullanilmak Uzere Yanmaz Ozellikli Baglant1 Kelepgesinin Tasarimi Ve Uretimi
TUGCE YAGCI

14:00 - 16:00 (Turkey Time) MODERATOR:
DOC. DR. AHMET AKTAS$

ADEM KORKMAZ

HASMET CAGRI SEZGEN Torsional Natural Frequency Analysis Of A Cranktrain System Using Holzer And Finite Element
i

HASMET CAGRI SEZGEN Torsional Natural Frequency Analysis Of Torsional Vibration Damper Using Numerical And
Modal Test Approaches

ABDULLAH OZKAN Structural Analysis Of Expanded Metal Press Body And Mechanism
AHMET SAYGIN OGULMUS
MUSTAFA TINKIR
AHMET SAYGIN OGULMUS Kinematic Analysis Of A Seven Degree Of Freedom Mechanism

ABDULLAH OZKAN
MUSTAFA TINKIR
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25.04.2021 HALL: 1 SESSION:1
Meeting ID: 824 6189 4778 Passcode: 242504

10:00 - 12:00 (Turkey Time) MODERATOR:
DOC. DR. SAMi KILINCLI

DR. OGR. UYESI PELIN CELIK Blockchain 50 Listesindeki Sirketlerin Topsis Yontemi ile Degerlendirilmesi

BUSRA ONDER Tiirkiye Politikalarinda Dogu Akdeniz’in Onemi
AYSE PINAR KULAKLI Ar-Ge Harcamalarinin Firma Karlilig1 Uzerindeki Etkisi

DOC. DR. SAMi KILINCLI Yiice Allah ile Siirekli iligki Ve Yakimligin Yolu Olarak Her An Allah’1 Zikretmek

DOC. DR. SAMi KILINCLI Ram Saresi 1-10. Ayetler Baglaminda Hayatin Zahir Ve Batinini Diisiinmek
DR. HAViIN ONER GOREN “Kamu” Kavraminda Déniisiim: Déniisen Kamu Hizmeti Anlayis:
DR. HAVIN ONER GOREN Yolsuzluk Ve Etik Uzerine Bir inceleme: ABD Ornegi

OGR. GOR. DR. iSA KILIC Uluslararasi Ticaret isletmelerinde Muhasebe Birliginin Saglanmasi
DR. OGR. UYESi SERVET ONAL

DR. OGR. UYESi SABAN Tirkiye’de issizlik ile Enflasyon Arasindaki Nedensellik iligkisinin Analizi
ERTEKIN
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25.04.2021 HALL: 2 SESSION:1
Meeting ID: 824 6189 4778 Passcode: 242504

10:00 - 12:00 (Turkey Time) MODERATOR:

13:00 -15:00 (Kyrgyzstan Time) DR. OGR. UYESi S. CIGDEM KOCAK
SEMIiH KILIC Cografi isaretli Uriinlerin Restoran Mutfaklarinda Kullanimina Yonelik Bir Caligma: istanbul
PROF. DR. NUZHET Ornegi
KAHRAMAN
DR. OGR. UYESIi OSMAN Yenilenebilir Enerji Teknolojilerine Yonelik Reklamlarm Miisteri Memnuniyetine Etkisi: Ege

OZDEMIR
ARS. GOR. KADIR OZDEMIR

DR. OGR. UYESI S. CiGDEM Giiniimiiz Modasinda Askeri Uniformalar, Askeri Tekstiller Ve Siirdiiriilebilirlik

Bolgesi’'nde Bir Uygulama

KOCAK

AMANBEK MURZAKMATOV Sensorik: Duyu Ve Sezgi Araciligiyla Gerceklegen iletigim
SALTANAT BOYTOEVA

ADEM ALI iREN Uluslararas: iligkilerde Kaygi Ve Degisim Yonetimi: Salgin Caginda Covid-19
ADEM ALI iREN Uluslarasi iliskilerde insani Diplomasi Ve Dis Politika

SEDA TUNCA

iIHSAN EKEN Influencerlarin 14 Subat Sevgililer Giinii Reklamlar1 Uzerine Etkisi
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25.04.2021 HALL: 3 SESSION:1
Meeting ID: 824 6189 4778 Passcode: 242504

10:00 - 12:00 (Turkey Time) MODERATOR:
DR. OGR. UYESi MURAT SAHIN

DR.OGR.UYESi DILEK CANAKCI Synthesis and Characterization Of Novel Sol-Gel Derived B, Cu, Zn-Containing Tricalcium
Phosphate
ABDULKERIM PEKIN Bej Mermer Plakalar: Seleksiyonunun Yiizey Desenine Gore Yapilabilirligi
ASSIST. PROF. DR. AHMET Structure And Morphological Properties Of Boron Doped TiO , For Energy Storage Applications
TUMBUL

ERCUMENT UNAL Termoreaktif Difiizyon Yontemiyle CxN Kaplanmig AISI D2 Takim Celiginin Yiizey Ozellikleri
PROF. DR. SADUMAN SEN

ERCUMENT UNAL Termoreaktif Difiizyon Yéntemiyle CrC Kaplanmis AISI D2 Takim Celiginin Yiizey Ozellikleri

PROF. DR. SADUMAN SEN

ZAFER MASLAKCI C;H ¢O-NH; ve HCOOH-NH ; Hidrojen Bagli Kiimelerin Etkilesimlerinin incelenmesi

DR. OGR. UYESi MURAT SAHIN Farkli Baglayicilar ile Uretilen Kenevir Betonunun Bazi Ozelliklerinin Arastirilmast
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25.04.2021 HALL: 1 SESSION:2
Meeting ID: 824 6189 4778 Passcode: 242504

14: 00 - 16: 00 (Turkey Time) MODERATOR:
DR. FATIH GULER

DR. FATiH GULER Siyasi Partiler Hukukuna Ozgii Suc Ve Cezalarin Teorik Ve Pratik Sonuclart ile ilgili Elestirel
Yaklagim

NAZLI HILAL CELIK Tasinmaz Malikinin Komsu Taginmaz Malikine Kars1 ingaattan Dogan Sorumlulugu
DR. BiLAL OZEL Is Shareholding Of Joint Stock Company Subject To The Statue Of Limitation?

Consumer’s Obligation Of Paying Fee Issue Under Mediation Of Litigation Requirement In

Consumer Disputes

MUHAMMED ESME Ceza Muhakemesinde Siiphe Tiirleri Ve ispat Yiikii

ALI PENDIK TCK’da Hata Halleri

DR. BiLAL OZEL

K.R.PADMA RESEARCH ARTICLE WRITING HAS HIGH QUALITY IMPACT FACTOR
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25.04.2021 HALL: 2 SESSION:2
Meeting ID: 824 6189 4778 Passcod: 242504
14:00 - 16: 00 (Turkey Time) MODERATOR:
16:00 - 18:00 (Turkmenistan Time) DOC. DR. EMINE GUL CANSU ERGUN
DOC. DR. EMINE GUL CANSU Electro-Synthesis And Characterization Of A Neutral State Green Electrochromic Polymer
ERGUN
SEVIM SOKMEN Flexible Patch Antenna Design by Using Paper in Dielectric Substrate
FATIH OZKAN ALKURT
MUHARREM KARAASLAN
SERDAR ERDOGAN
PROF. DR. COSKU Medium Range Air Defence Missile Modeling And Linear Parametric Variable Control

KASNAKOGLU

OGULJEREN HAJIEVA XynoKeCTBEHHBIE TPAJUIMXA B HAPOAHOH apxuTekType TypkMeHncTaHa
DOC.DR. VAROL KOC Hafif Celik Sistemlerde Dikme, Kirig Ve Doseme Olugturma Caligmalarmin incelenmesi

DOC.DR. VAROL KOC Tastyici Sistem Tasarim Hatalarina Dair Bir Saha incelemesi
DR. OGR. UYESI SULE TATAR Atiksu Aritma Tesisi Azot Ve Fosfor Giderim Verimi-Kiziltepe Ornegi
YOLCULAR
YUK. MUH. MEHMET NEDIM
SAGLAM

DR. ZEYNEB KILIC Kiiresel iklim Degisikliginin Barajlar Uzerindeki Etkileri

DR. ZEYNEB KILIC Anadolu’daki Bazi Tarihi Su Yapilar1 ve Su Bilinci

>
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25.04.2021 HALL: 3 SESSION: 2
Meeting ID: 824 6189 4778 Passcode: 242504

14:00 - 16: 00 (Turkey Time) MODERATOR:

DR. OGR. UYESi GOKHAN ARSLAN

Authors Topic title

MEHMET DAYI Identification of Receptor Genes in Insect
SERDAR DINC

DR. OGR. UYESi GOKHAN Balik Yemlerinde Kullanilan Katki Maddeleri
ARSLAN

ALPER KOCYIGIT
SALIH NARLICAY Sulandirict $eker iceriginin Kangal Kopegi Spermasinin Dondurulmasina Etkisi

DR. OGR. UYESi iBRAHIM ALTUN imitasyon Peynir: Tofu

OGR. GOR. DR. CAGLA OZBEK
OGR. GOR. BASAK ONCEL Traditional Product: Zahter

LECTURER BASAK ONCEL
LECTURER DR. CAGLA 0748)5¢ | The Effects Of Different Drying Methods On Drying Efficiency In BAY (Laurus Nobilis L.) Leaves

DR. OGR. UYESi H. CEM GULER Etlik Pilic Embriyolarinda Termotoleransin lyilegtirilmesi
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OZET

Is makinelerinin hidrolik sistemlerinde kullanilan yagin hidrolik sistemlerin dmriinde ve
verimliliginde 6dnemli bir etkisi vardir. Hidrolik yagin émriinii ve verimliligini arttirmak icin
yag analizleri, bakim masraflari ve zaman kaybini 6nlemek i¢in kullanilan ve uygulanmakta
olan bir koruyucu bakim programidir. Koruyucu bir bakim programinin basarisi, kullaniciya
getirdigi maddi kazangla 6l¢iilebilir. Yag analizlerinin uygulamasi ucuz, ¢gabuk ve kolay oldugu
gibi, ayn1 zamanda ¢ok 6nemli tasarruf saglayabilmektedir. Yag analizi uygulamasi, kullanilan
orijinal yag ve filtrelerinin yiiksek performans 6zellikleri ile birlestiginde is makineleri i¢in
miimkiin olabilecek en iyi bakim programinin temellerini olusturur. Yag analizi, tipki bir kan
tahlili gibi, makine ve hidrolik i¢cinde neler oldugunu gérmenin en hizli, en kesin ve en giivenilir
yoludur. Boylece biiyiik arizalar olusmadan erken uyar1 yapilabilmektedir. Bu ¢alismada is
makinalarinda kullanilan hidrolik yagin analizi yapilmistir. Hidrolik yag kullanimi sirasinda
igerisinde bulunabilecek bakir, demir, kirleticiler, viskozite, su i¢erigi ve metal i¢eriklerini gibi
hidrolik sistemlerin pistonlarinin ve igyapisin1 asindiran maddeler incelenmistir. Bu
asindiricilar ve yag ozelliklerini bozan maddeler 6zellikleri ve yapisal olarak hidrolik sistem
icinde etkileri is makinasinin farkli galisma saatlerine gore detayli incelenmistir. Yapilan bu
calismada ekipman {tretkenliginin artirilmasi, bakim maliyetlerinin azaltilmasi, ekipman
Omriiniin artirilmas1 gibi faydalar elde edilmistir. . Bu kazanimlarin yaninda sistemlerde
kullanilan yag miktar1 6nemli oranda azaltilabilmektedir. Sistemde toplamda daha az yag
kullanilmis ve atik yagi geri kazanmak i¢in yapilan ¢aligmalarla dogaya birakilan zararli madde
miktarinda da 6nemli oranda azalma saglanmaistir.

Anahtar Kelimeler: Is makinas1, Hidrolik yag, Yag analizi, Calisma 6mrii

1. GIRIS

Kullanilmis yaglarin analizindeki ilk asama, 1940'larin basina kadar uzanmaktadir ve
glinlimiizde halen, Amerika Birlesik Devletleri'nin batisindaki demiryolu sirketleri tarafindan
petrol analizi yapilmaktadir. Yeni lokomotifler satin alirken, teknisyenler basit spektrografik
ekipman kullandilar ve lokomotif motorundaki yag seviyesini izlemek i¢in fiziksel testler
yaptilar. Buharli lokomotifler yerine dizel lokomotifler kullanildiginda, demiryolu sirketleri
diizenli olarak yag analiz tekniklerini kullaniyordu. 1980'lerde bircok Kuzey Amerika
demiryolu sirketinin servetine dayanan bakim programlarinin temelini bu analizler yer
almaktadir. ABD Donanmasi, 1950'lerin ortalarinda ugaklarindaki jet motorlarini izlemek igin
spektrometrik teknikleri benimsemis ve Rolls Royce ayni1 zamanda jet tiirbinlerini izlemek i¢in
yag analizlilerine bir takim deneyler de uygulamistir.

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 1



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

Bu yontemin ise yaradifinin en biiyiik delili yag analizi teknolojisinin yillardir yapiliyor
olmasidir ama buna ragmen titresim yaklagimi da kullanilmalidir. Titresim analizi birgok
endiistri kolunda kosul izlemenin temel teshis teknigi olarak kalmistir. Buradaki problem bir¢ok
kosul izleme takiminin yag analizinin giiciinden habersiz olmasidir. Ayrica sirketler yag
analizini yapmasi i¢in personel ayirmadigi durumlarda bu insanlar durum izleme takimlarinda
titresim analizi ile ara yiiz olusturmamistir. Neticede bu durum negatif egilim olacak sekilde
degismistir.

Sirketlerin bir¢ogu yag analizini titresim izlemeye ekleyerek kendi durum izleme programlarin
iyilestirmislerdir. Bunun gibi birkag titresim durum izleme firmasi yag analizi cihazi, servisi ve
veri yonetimini sirketlerin kullanimina sunmustur. Bu birlesme ile durum izlemesi yapan kisi
ekipmanin c¢alisma kosullar ile ilgili daha fazla fikir sahibi olabilmekte ve bu yiizden etkili
kararlar ve tavsiyeler i¢in daha iyi bir konumda olmaktadir.

Yapilacak analizlerle yagin hizmete devam edip edemeyecegine de yagimn niteliklerinin
tammlanmasindan  sonra karar verilebilecektir. Ulkemizde, ornegin Almanya ile
karsilastirildiginda ayni amag igin gereginin neredeyse 4 kati yag kullanilmaktadir. Bunun
nedeni, kullanic1 yagin gergek durumu hakkinda —parmakla hi¢ gecerli olmayan bir muayene
disinda- bilgi sahibi olmadig: i¢in risk almak yerine yaga harcadigi onca paraya, sarf gideri
adin1 vererek cogu isletmede bu konuyu giindeminden kaldirmistir.

Bu bildiride, yag analizi ve makina omrii ve arizalarin dnlenmesi ve stirekli periyodlarda
yaptirilan detayl hidrolik yagi analizi verilmistir.(1)

2. YAG ANALIZ YONTEMIi

Yag analiz programi ilk olarak ABD Kara, Hava ve Deniz Kuvvetlerinde uygulamaya
konulmus ve ayr1 olarak ytiriitiilen yag analiz programlariin birlestirip tek merkezden idare
etmeyi amaglayan bir programdir. Yag analizleri ile asinma iiriinleri incelenerek kalic1 hasar
olusmadan koruyucu 6nlem aliabilir veya kullanilan yagin motor iireticisi tarafindan saptanan
yag degisim periyodundan daha uzun siire ile kullanilmas1 miimkiin olur (2).

Dizel motorlarin kullanim O6miirleri, bakimlar1 ve yag degistirme zamanlar1 firma tarafindan
belirlenmektedir. Incelenen dizel motorda her 250 saatte bir yag degisimi yapilmakta ve bakim
setleri her 250,500,1000, 2000 ve 6000 saatte bir kullanilmaktadir. Yag degisim periyodunun
bakim saatinin uzatilmasi ile hem yag degisimi gec yapilarak, hem de bakim setlerini daha az
miktarda kullanarak tasarruf yapilabilmektedir (3) .

Yag analizinin faydalari; donanim dmriinii uzatmak, yag degisim araliklarini uzatmak, yagin
durumu hakkinda bilgi sahibi olmak, bakim masraflarin1 diisiirmek, asinma egilimini 6l¢mek,
uygun bakim araliklarini tespit etmek, yedek parca envanterini azaltmak, donanim yenileme
maliyetini diisiirmek, onarim programlanmasini diizenlemektir. (4)

2.1 Yag Analiz Yontemiyle inceleme

Makinelerde kestirici bakim ilkelerine dayanarak yag ve asinmis parcacik analizi ile yeterince
bakim ve en az ariza ile ¢alistirilmasi bilgileri elde edilmektedir. Bu amagla incelenmesi istenen
motor, sanziman, hidrolik, diferansiyel ve cerlerden yag numuneleri alinarak belirtilen
yontemlere gore analizler yiiriitilmektedir (5) Bu analiz isleminin asamalar1:
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2.2 Numune Alimi

Numuneler makine durdugunda yag sicak iken yag tankinin ortasina kadar inen plastik
hortumlar aracilifiyla ve 6zel numune pompalarina baglanmis 60 ml.'lik plastik kaplara
alinmaktadir. Her numune i¢in makine ve yag calisma saatleri, yagin alindig1 aksam ve tarih
aninda islenmektedir.

Yag numunesi almada en 6nemli husus, numuneye yabanci pargacik girisini 6nlemektir. Clinkii
yag analizi ppm (milyonda parcacik sayisi) diizeyinde yapilmaktadir. Dikkatli ve temiz
kosullarda alinmayan yag numunesinin analiz sonucu gercek dis1 ve yaniltict olacaktir.
Ornegin tozlu ortamda, riizgarlh ortamda, toprak ve kir bulasmis numune alma kab1 ve hortumu
ile alinan yag numunesi i¢cinde fazladan raporlanan parcaciklar yaniltict sonuglara ulastiracaktir.
Tecriibelerle, bu yan etkiler sonucu numune kabinin birka¢ dakika dahi agik kalmasi veya
numune hortumunun degistirilmeyip temizlenmemis numune alma pompasinin kullanilmasi
sonucu yag analizinde farkli sonuglara ulasildigi goriilmistiir.

2.3Hidrolik Yag Numune Alimi

Numuneler makine durdugunda yag sicak iken yag tankinin ortasina kadar inen plastik
hortumlar aracilifiyla ve 6zel numune pompalarina baglanmig 60 ml.'lik plastik kaplara
alinmaktadir. Her numune i¢in makine ve yag calisma saatleri, yagin alindig1 aksam ve tarth
aninda islenmektedir. Bu yontemde; motor yagi: 50, 100, 150, 200 sa, hidrolik yagi: 900, 1400,
1900 sa, sanziman yag1: 900 sa ve diferansiyel ve cerler yagi: 900 sa siklikla 6rnekler alinir.Yag
numunesi almada en 6nemli husus, numuneye yabanci pargacik girisini dnlemektir. Ciinkii yag
analizi ppm (milyonda pargacik sayisi) diizeyinde yapilmaktadir. Dikkatli ve temiz kosullarda
alinmayan yag numunesinin analiz sonucu gercek dis1 ve yaniltict olacaktir.

Ornegin tozlu ortamda, riizgarl ortamda, toprak ve kir bulasmis numune alma kab1 ve hortumu
ile alinan yag numunesi i¢inde fazladan raporlanan parcaciklar yaniltici sonuglara ulastiracaktir.
Tecriibelerle, bu yan etkiler sonucu numune kabinin birka¢ dakika dahi agik kalmasi veya
numune hortumunun degistirilmeyip temizlenmemis numune alma pompasinin kullanilmasi
sonucu yag analizinde farkli sonuglara ulasildig1 gortilmiistiir.

2.3.1 Numune alirken dikkat edilecek hususlar:

1.Numune ¢aligma sicakliginda olmalidir veya makine stop edildikten sonra en fazla 30 dakika
icinde numune alinmalidir. Boylece alinan numune homojen yapida olup sistemdeki yagin
gercek performansini gosterecektir.

2.Vakum pompas1 ile numune alinirken yag seviyesinin orta noktasindan alinacak sekilde
ayarlanmalidir. Hortumun ucu ya haznesinin dibine veya karterin dibine ulasarak toplanmis
birikimler ¢ekilmemelidir. Aksi halde analiz sonucu bulunan pargacik miktarlar1 yaniltict
olacaktir.

3.Numune kabi1 temiz ve kuru olmalidir.

4. Numune alma iglemi biter bitmez numune kabi1 kapagi hemen sikica kapanmali ve kargo ile
gonderim esnasinda dokiilmemesi i¢in gereken onlemler alinmalidir.
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5.Numune kab1 agzina kadar degil % ii kadar doldurulmalidir.
6.Etiket bilgileri mutlaka tamamen doldurulmalidir. (marka, model, ¢aligsma saati, tarih v.b.)
7.Numuneler geciktirilmeden analiz i¢in ilgili kurulusa gonderilmelidir

3. Yag Durum Analizi

Makinalarin yag sistemlerinde, asmarak olusmus ve filtreden gegebilecek kadar kiiciik
mikroskobik metal parcalarinin miktar1 cihazlarda oSlgiilerek limit degerlerini asanlar tespit
edilmektedir. Her yag degisiminde alinan numunelerde ¢alismis yagin iginde genel olarak
arastirilan elementler sunlardir. Sekil 1’de HMK 220LC ekskavator igin Petrol Ofisi firmasinin
yapmis oldugu yag analizinin grafikleri gériilmektedir.

Makinanin genel olarak motor, sanziman, cer, diferansiyel, hidrolik sistem yaglari her yag
degisiminde analiz edilerek, yagin i¢inde bulunan asir1 element miktarlar1 degerlendirilmek
suretiyle ortaya ¢ikmaya hazir ariza belirlenebilir ve problemli kisim agir hasara ugramadan
Oonlemi almabilir. Yag analizi ile erken uyar1 bakim sisteminde tek bir yag numunesi ile
durumun kritik olup olmadigini anlamak miimkiindiir. Fakat analizler siirekli yapildiginda
heniiz bu noktaya gelmeden gerekli tedbirlerin alinmasi saglanir. Kontrol periyotlart makine
tireticisi firmalarin yag degisimi i¢in onerdigi zamanlardir. Hidrolik sistemde kullanilan yag
calisma kosullart (yliksek sicaklik, yiiksek basing) altinda zaman gegtik¢e bozulur. El kitabinda
belirtilen ¢aligma kosuluna gore belirlenen yagi kullanmaya dikkat edilmelidir. Yag
bozulmamis olsa bile, verilen programa gore yagin degistirilmesi gerekir. Donanim yaglardan
fazlaca etkilenmektedir.

Tablo 1’de HMK?220LC ekskavator is makinasi icin Petrol Ofisi firmasinin yapmis oldugu analiz
goriillmektedir.

Numune Numarasi PO554211 P0493325 P0O210778 P0O490867 P0O527912 PO526740 P0O484754
Numune Alim Tarihi 29/03/2020 15/05/2020| 29/06/2020 15/10/2020 | 03/11/2020 21/12/2020 30/03/2021
Ekipman Omrii (OH or PE) 1000
Yag Omrii (OH or PE) 200
Durum

GOriinim CLEAR CLEAR CLEAR CLOUDY CLEAR CLOUDY CLEAR
TAN

TAN mg KOH/g 0.29 0.50 0.52 0.58 0.70 0.51 0.63
Viskozite 40 °C

Viskozite 40 °C mm?/s 60.25 61.70 66.25 67.70 66.39 67.95 65.32
Su igerigi

Su igerigi % 0 0.06 0 0.06 0.00 0.06 0.00
Metaller

Baryum (Ba) ppm 0.00 0.99 0.00 0.99 0.00 0.00 0

Silisyum (Si) ppm 28.99 34.40 38.99 74.40 21.49 70.80 24.51

Sodyum (Na) ppm 0.76 1.16 1.76 3.16 0.01 1.53 0

Aluminyum (Al) ppm 0.31 8.95 10.31 39.95 9.78 37.06 8.85

Krom (Cr) ppm 0.01 1.10 0.01 1.10 0.00 0.13 0

Bakir (Cu) ppm 1.24 0.01 15.24 9.01 3.83 3.50 5.02

Demir (Fe) ppm 2.88 5.23 22.88 45.23 12.60 38.40 12.26

Kursun (Pb) ppm 0.09 0.11 0.36 121 0.00 0.48 0

Nikel (Ni) ppm 0.02 1.01 1.05 1.07 1.00 2.25 0

Gilmus (Ag) ppm 0.00 0.00 0.00 0.99 0.00 0.00 0

Kalay (Sn) ppm 0.09 1.22 1.36 1.92 2.04 2.44 0

Titanyum (Ti) ppm 0.36 1.85 1.28 2.85 2.06 2.16 0.29

Vanadyum (V) ppm 0.10 0.45 0.79 0.95 1.01 1.21 0
Partikll sayimi 1ISO4406 24/21/14 25/23/16  |24/22/16 25/23/16 24/21/14 24/23/13 24/23/14
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3.1 Partikiil Kirliligi

Sistemde ¢ok ciddi tahribatlara neden olan partikiillerin biiyiikliigii mikrometre dlciisiindedir.
Akisgkan sistemlerde kati partikiiller boyut, sekil, form ve miktar1 degis- kendir. Hidrolik
sistemlerde en ¢ok zarar veren kirletici boyutlar1 6 ve 14 mikron arasinda olup, ¢iplak gozle
goriilemezler.

3.2 Su Kirliligi

* Serbest Su  Coziinmiis Su

Soldaki: 1000 ppm (.10%) -  Sagdaki: 300 ppm (.03%)

|

Coziinmiis su, komponent arizalarina ve yag Omriiniin azalmasina sebep olan oksidasyonun
artmasina ve yagin Ozelliklerini kaybetmesine neden olur. Serbest su, sistemde ¢iplak gozle
goriilmekte olup, asinmanin artmasini ve dolayisiyla korozyon riskini artirir.(6)
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4.Yag Analizinde Asinma Limitlerinin Degerlendirilmesi

Bir kisim makine imalatg¢ilart iirettikleri makinelerinin parcalarina aginma limiti tayin eder.
Ancak bu limitler genel anlamda verilir ve makine omrii ile iligkili degildir. Yine yag
numunesindeki Kirlilik degerlerini belirlemek i¢in birgok bilesen bulunmaktadir. Ornegin 0 ila
50 aras1 deger normal, 50 ila 100 aras1 deger problem gostergesi ve 100 den fazlasi ciddi durum
gostergesi olarak degerlendirilir. Ancak 49 ya da 51 degerleri diger bilesenlerle birlikte
yorumlanir.

Uretici tarafindan belirlenen asimnma limitleri tablolarinda bulunan degerler arastirma ve test
sonuglaria gore belirlenir. Burada verilen degerler gosterge olarak alinmalidir ve kesin ¢izgiler
ya da standart degerler olarak goriilmemelidir. Makinedeki ortalama degerlerle ve farkl
ortamlarda farkli galisma sonuglar1 almacaktir. Ornegin ayni makine Afrika’da veya Kuzey
Amerika’da farkliliklar sergileyecektir. Ya da Japonya’da calisan ayn1 makine Avrupa’da farkli
degerlerle calisacaktir.

Yag numunesindeki asinma elementlerinin bagl oldugu etkenler:

Ekipmanin tipine, ortam sartlarina, yapilan isin cinsine, operatoriin tecriibe ve yetenegine, yagin
calisma stiresine, Yag sarfiyatina bagl olarak degisecektir.

Biitiin bu etkenler hem bagimsiz hemde birbirlerine baglidir. Yagin veya makinenin durumunu
degerlendiriken hepsini goz Oniine almak gerekir. Asinma limitleri belirlenirken saglikli bir
Olciim ve degerlendirme yapabilmek icin en az ii¢ yag analizi yapilmalidir. Bir tek analize gore
yorumlama yapmak dogru olmaz. (7)

5. Yag Analizinde Asagidaki Faydalar Elde Edilmistir

» Ekipmanin tiretkenliginin artmasi: Kestirimci bakimin uygulanmasi ile beklenmeyen ekipman

arizalarindan kaynaklanan isletmenin durus siiresinin ortadan kaldirilmasinin teorik olarak
miimkiin olmaktadir.

» Iki bakim calismasi arasindaki siirenin uzatilmasi: Bu bakim felsefesi ihtiya¢ duyuldugunda
programlanmis bakim calismalarina izin veren bilgileri saglamaktadir.

* Ag¢ma, inceleme ve onarim sayilarinin en aza indirilmesi, gerekli ise bakim yapilmasi:
Kestirimci bakim arizalarin yerini tam olarak tespit eder ve bu sayede tiim olasi1 arizalari
arastirma yerine bakim islerine daha fazla odaklanilir.

» Bakim siiresinin iyilestirilmesi: Ozel ekipman problemleri ileri seviyede bilindiginden dolay1

bakim isleri programlanabilir. Bu sayede bakim isleri daha hizli ve daha kolay yapilabilir.
Ekipmanlar ariza meydana gelmeden Once durduruldugundan teorik olarak ikincil bir hasar
meydana gelmediginden onarim siiresi diismektedir.

* Ekipman Omriiniin arttirllmasi: Bakimi iyi yapilmis bir ekipmanin genellikle daha uzun

omiirlii olmaktadir.
 Uygun olarak planlanmis bakim icin kaynaklar: Ekipman arizalarinin tahmin edilmesi arizanin

tespit edilme zamanini diigiirmektedir. Bu ylizden ayrica ariza raporu olusturma siiresi, ise
personel ayrilmasi, dogru dokiimanlarin bulunmasi, gerekli yedek parcalarin ve araglarin ve
onarim i¢in gerekli diger kalemlerin hemen elde edilmesini saglar.

+ Uriiniin kalitesinin iyilestirilmesi: Genellikle iyilestirilmis bir bakim faaliyetinin genel verimi
tirtiniin kalitesini iyilestirmektedir. Mesela kagit ekipmanlarindaki titresimin kagidin kalitesi

tizerine dogrudan etkisi bulunmaktadir.

» Bakim maliyetlerinde azalma: Yapilan ¢alismalar uygun bir bakim planinin gergeklestirilmesi
ile bakim maliyetleri tizerinde dogrudan %20 ~ 25 tasarruf saglanmasinin yaninda {iretimin iki
katina ¢iktigin1 gostermektedir(8)
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6. SONUCLAR VE DEGERLENDIRME

Bu calismada is makinalarin isletmelerde yag analiz yonteminin kullanilmasi ile malzeme
tasarrufu, iscilik maliyeti, isletme verimi gibi olduk¢a Onemli ekonomik katkilar elde
edilebilmektedir. Bu kazanimlarin yaninda sistemlerde kullanilan yag miktari énemli oranda
azaltilabilmektedir. Sistemde toplamda daha az yag kullanilmis ve atik yag1 geri kazanmak icin
yapilan caligmalarla dogaya birakilan zararli madde miktarinda da 6nemli oranda azalma
saglanmistir. Bu atiklarin yag olarak veya yakilarak (geri dontisiim kurallarina uygun olsa da)
dogaya birakilan miktarinin azalmasiyla, temiz su kaynaklarinin korunmasina ve temiz hava
ortami1 olugmasina katki saglanabilmistir. Boylece iiretim yapan igletmelerde yapilabilecek
yatirimlarla basta ¢evrenin korunmasi esas olmak iizere isletme ekonomik agidan da 6nemli
kazanimlar elde edebilmektedir.

7. GENEL DEGERLENDIRME VE SONUCLAR

Bu ¢alisma ile, tiim sektorlerde kullanim alani bulan is makinelerinin hidrolik sistemlerindeki
yaglarin muayyen zaman araliklariyla detayli bicimde irdelenmesi ile hem igleyen pargalarin
herhangi bir zarara ugramadan daha uzun siireli ve performansi iist seviyede kullanilmasi hem

de yillik yag tiikketiminin azaltilmasi ve bdylece ¢evresel etkinin azaltilmasi hedeflenmistir.
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OZET

Yenilenebilir enerji kaynaklarindan olan giines panelleri enerji arayis konusunda en popiiler ve
kolay erisilebilir kaynak ¢esididir. Giines panellerinden yiiksek verim alinmasi i¢in maksimum
giic noktalarinda calistirilmast gerekmektedir. Maksimum gili¢ noktasi takibi gilines panel
gerilim ve akim degerlerinin siirekli olarak izlenip kontrol edilmesiyle miimkiin olmaktadir. Bu
calismada, gilines panellerinin siirekli olarak maksimum gii¢ noktasinda ¢alistigini izlemek ve
gii¢ verilerini kayit altinda tutmak i¢in internet lizerinden izlenebilir bir sistem tasarlanmuistir.
Giines panelinden 6l¢iilen akim, gerilim ve 1s1n1m degerine bagli olarak gelistirilen denklem ile
giines panelinin maksimum gii¢ noktasinda ne dlgiide ¢alistigini tespit edilmektedir. Gelistirilen
bu denklem ESP32-SIM800L kontrol kartinda ¢alistirtlmaktadir. Kontrol kart1 tizerindeki SIM
kart ile tarih-zaman bilgisiyle kayit altina alinan verileri internet araciligi ile web sayfasina
gondermektedir.  Bdylece gilines sisteminin  biitlin  verileri uzaktan izlenmesi
gerceklestirilmektedir. 20 W giiciinde mono kristal giines paneli ile farkli ¢alisma kosullari
deneysel olarak test edilmis ve sonuglar1 bu ¢alismada verilmistir.

Anahtar Kelimeler : Yenilenebilir Enerji, Giines Paneli, Maksimum Gii¢ Noktas1 Takibi,
Internet.

SYSTEM DESIGN FOR SOLAR PANELS MONITORING MAXIMUM POWER
POINT ACCURACY OVER THE INTERNET

ABSTRACT

Solar panels are the most popular and easily accessible type of energy search in the renewable
energy sources. In order to get high efficiency from solar panels, it must be operated at
maximum power points. Maximum power point tracking is possible by continuously
monitoring and controlling the solar panel voltage and current values. In this study, a system
that can be monitored over the internet has been designed to monitor the solar panels running
at their maximum power point and to record the power data. With the equation developed
depending on the current, voltage and irradiation values measured from the solar panel, it is
determined to what extent the solar panel works at its maximum power point. This equation
developed is operated on ESP32-SIM800L control card. It sends the data recorded with the
date-time information with the SIM card on the control card to the web page via the internet.
Thus, all data of the solar system can be monitored remotely. Different operating conditions
have been experimentally tested with a 20 W mono crystalline solar panel and the results are
given in this study.

Keywords: Renewable Energy, Solar Panel, Maximum Power Point Tracking, Internet.
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1. GIRIS

Enerji, gelismekte olan diinyamizin en Onemli unsurlarindan biridir. Glinlimiizde enerji
ihtiyacinin biiyiik bolimii niikleer ve fosil kaynaklardan saglanmaktadir (Alferidi, A., 2018).
Gliniimiizde alternatif enerji kaynaklari arasinda yer alan giines, riizgar, jeotermal, biyokiitle ve
hidrojen ile ilgili aragtirma ve gelistirme ¢alismalarina yogunluk artmaktadir. Fosil ve niikleer
yakitlara alternatif olarak giines enerjisi, arastirma konulari arasinda 6nde gelen enerji
kaynaklarindan biridir. Giines enerjisi, yenilenebilir bir kaynak olarak goriilmesi ve dogrudan
elektrik enerjisine kolayca doniistiiriilebilmesi gibi avantajlar1 nedeniyle hizla yayilmaktadir.
(Giineroglu A., 2008).

Glines panellerinden maksimum gii¢ elde etmek i¢in literatiirde birgok maksimum gii¢ noktasi
izleme (MGNI) algoritmalar1 bulunmaktadir (Dubey, K., & Shah, M. T., 2016). Bu
algoritmalardan en yaygm olarak kullanilan1 saptir-gozle ve artan iletkenlik yontemleridir.
Laboratuvar calismalarinda gergeklestirilen bu ydntemlerin MGNI verimlilik oranlar1 saptir-
gdzle yontemi igin %99,29 ve artan iletkenlik yontemi i¢in %99,48°dir (Swapnil Dubey, G.N.
Tiwari, 2010). Fakat uygulama devrelerinde ve ticari olarak sunulan MGNI cihazlarinda bu
oran laboratuvar sartlar1 altinda yapilan degerlerden diisiiktiir. Ozellikle yiiksek kapasiteli
(MW) giines panel uygulamalarinda yiizdelik kiiciik bir oran dahi biiyiik bir kayip olarak
yansimaktadir.

Bu ¢alismada giines panellerine bagli bulunan sistemlerin gercekte ne kadar MGNI yaptigimi
belirlemek i¢in gergeklestirilmistir. Giines panelinin akim, gerilim, 1s1n1m ve sicaklik verileri
gercek zamanli olarak dl¢lilmektedir. Bu verilerin kayit altina alinmasi ve internete aktarilmasi
icin ESP32 SIM80OL kontrol kart1 kullanilmistir. Bu ¢alismada giines panel verilerinin tarih-
zaman bilgisiyle kayit altina alinmasi i¢in internet tabanli kullanici arayiizii gelistirilmistir.
Kullanici arayiiziinden elektriksel verilerin degisimi ger¢ek zamanli olarak takip edilmekte ve
giines panelinin maksimum gii¢ noktasinda calisip ¢alismadi tespit edilmektedir.
MAKSIMUM GUC NOKTASI iZLEME TOPOLOJISI

Glines panellerinin mevcut enerji doniistiirme verimliligi oldukea diisiiktiir. Bu nedenle giines
panel sisteminin verimliligini artirmak i¢in, giines panel dizisinden miimkiin olan maksimum
giicii elde eden MGNI ydntemleri kullanilir. (Kwon, J. M., Nam, K. H., ve Kwon, B. H., 2006).
Bir giines panelinin verimi, 1s1n1im siddetine, ¢alisma sicakligina ve yiik akimina bagl olarak
degismektedir. Gilines panelinin optimum maksimum gii¢ noktas1 (MGN) hiicre sicakligina ve
giineslenme seviyesine bagl olarak degisir. (Yusof, Y., Sayuti, S. H., Latif, M. A., & Wanik,
M. C., 2004). Giines panellerinin 6zellikle diisiik 1sinim kosullarinda trettigi elektrik enerji
miktar1 hava sartlarina bagh olarak degismektedir. Ayrica, giines panellerinin elektriksel

ozellikleri, degisen sicaklik ve 1s1nimla ters orantili bir sekilde egri ¢izer. Giines panelinin [-V
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veya P-V karakteristik egrisi lizerinde siirekli degisen tepe noktasina MGN denir. MGN giines
1sinim siddetine, sicakliga, panel egim agisina bagl olarak degismektedir. Gorsel 1°’de FV
panelin akim-gerilim-giic (I-V-P) karakteristik egrisi verilmektedir (Aktas A., 2013).
Maksimum gii¢ aktarimi teorisine gore, kaynak ve yiikk empedanslarinin esit oldugu zaman

maksimum gii¢ yiike verilmektedir (Esram, T., & Chapman, P. L., 2007).
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Gorsel 1. Bir giines panelinin akim-gerilim-gii¢ karakteristigi (Aktas A., 2013)

GUNES PANEL VERILERININ INTERNET ORTAMINA GONDERILMESI

Bu calismada giines panelinden 6lgiilen akim, gerilim ve gii¢ verileri ESP32 SIM80OL kontrol
kartinin SIM kart 6zelligi ile internet ortamina aktarilmaktadir. ESP32 SIM80OL kontrol
kartinin programlanmasi Arduino IDE ile yapilmistir. Gorsel 2’de ESP32 SIM80OL kontrol
kartt verilmektedir. Giines panelinden elde edilen veriler, kablosuz iletisim teknolojisini
kullanarak web tabanli ag sunucusuna gonderilmektedir. Web tabanli ag sayfasinda verilerin
kayit ve goriintiilenmesi i¢gin MySQL, PHP ve JSON, CSS, jQwery, HTML bilesenleri
kullanilmistir.

Kablosuz iletisim ESP32 SIMS80OL kontrol kartinin GPRS (Genel Paket Radyo Servisi)
iletisimi yoluyla gerceklestirilmektedir. Gegerli saat ve tarih ile ilgili bilgiler ise ger¢ek zamanl
saat modiilii ile alinmaktadir (Vasiljevi¢-Toski¢, M., Rajs, V., Baji¢, J., Bozi¢, M., Hasovi¢, A.,
& Sovi¢, M., 2019). Web tabanli ag sunucusuna gonderilen veriler web tabanl ag sayfasinda
goriintiilenmektedir. Web tabanli ag uygulamasi gercek zamanli veri tabanlarina erisim

saglayan web uygulama gelistirme platformu kullanilarak olugturulmustur.
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|

Gorsel 2. ESP32 SIM80OL kontrol kart:

Giines panelinin I-V ve P-V degerlerinin anlik degerleri 6l¢iilerek bu veriler web tabanli ag
bulutuna gonderilmektedir. Sekil 3’te verilerin web sayfasina gonderilme islem basamagi
gosterilmektedir. Gelistirilen arayiiz ile ayrica giinliik hava kosullari, sicaklik, 1sinim siddeti,
giines panel akim, gerilim ve gii¢ degerleri izlenebilmektedir. Veriler web tabanli ag sayfasina
gonderildikten sonra ESP32 SIM80OOL kontrol kart1 gili¢ tasarruf amagli olarak derin uyku

moduna ge¢mektedir.
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Gorsel 3. Glines panel verilerinin web sayfasina gonderilme islemi

2. DENEYSEL CALISMALAR

Bu caligmada giines panelin 1s1nim siddetine bagl olarak gercek MGN’de c¢alistigini tespit
etmek amaciyla Denklem 1 gelistirilmistir. Denklem 1’e giines panelinin anlik verileri girilerek
giines panelinin o anda MGN’da calisip ¢alismadigi belirlenmektedir. Giines panel verilerini
O0lcmek ve verilerin internet ortamina aktarilmasi i¢in Gorsel 4’te verilen kart tasarlanarak

tiretilmistir. Bu kartta giines 1s1n1im siddetini 6lgmek i¢cin BH1750 sensorii, sicaklik 6lgmek igin
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LM35 sensorii, akim 6l¢ek icin INA169 sensorii ve gerilimi 6lgmek icin ise gerilim boliici

direncler kullanilmistir.

Denklem 1°de;

Isc = Kisa devre akimi (A)

Voc = Acik devre gerilimi (V)

V =FV panelin anlik dlgiilen gerilimi

Vs =FV panelin bir 6nceki okunan gerilimi
Kp =FV panel katsayisi (1,2)

Gorsel 5’te 20 W’lik bir giines paneli ile gergeklestirilen deney diizenegi verilmektedir. Bu
deneyde giines paneline ayarli bir direng baglanmistir. Bu direng ile panelin farkli akim-gerilim
degerlerinde galismasi saglanmustir. Olgiilen degerler PLX-DAQ veri sayfasma gonderilerek

giines panelinin [-V ve P-V grafikleri ¢izdirilmektedir.

Gorsel 4. Giines panel verilerini uzaktan izleme kartinin fotografi
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Akim-Gerilim
sensor devresi

L

Sicaklik sensorii

Gorsel 5. Giines panel MGN tespit deneyi fotografi

Glines panelinin akim ve gerilim verileri ¢arpilarak giines panelinin gii¢ degeri elde edilmistir.

Gorsel 6’da deneysel ¢alisma sonucunda 20 W’lik giines panelinin dlgiilen P-V ve |-V grafikleri

verilmektedir.
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Gorsel 6. 20 W giines panelinin P-V ve |-V grafikleri

Giines panelinin verimliligi stirekli kontrol edilip giines panelinin MGN ¢aligtirilmasi i¢in

gerekli raporlar alinmaktadir. Glines panel verilerinin izlenmesi igin Www.rainexp.com sunucu

adresi kullanilmaktadir. Bu internet sitesinde giines panel verilerinin goriintiilenmesi i¢in bir

arayiiz gergeklestirilmistir (http://www.rainexp.com/esp2-chart.php). Gorsel 7- Gorsel 11°de

giines panelinin 1s1n1im siddetine ve sicakliga bagl olarak akim-gerilim-gii¢ karakteristikleri

gosterilmektedir. Bu c¢alismada gelistirilen denklem ile giines panelinin MGN c¢alisip

calismadig1 tespit edilmekte ve arayiizde bilgisi anlik olarak verilmektedir.
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Gorsel 7. Glines panel gerilim grafigi arayiizii
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Gorsel 8. Giines panel akim grafigi arayiizii

Fotovoltaik Panel Gug

Gorsel 9. Glines panel gii¢ grafigi arayiizii
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Fotovoltaik Panel Isik Siddeti
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Gorsel 10. Giines panel 1s1nim grafigi arayiizii
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Gorsel 11. Giines panel sicaklik grafigi ve MGN bilgi arayiizii

3. GENEL DEGERLENDIRME VE SONUCLAR

Glines panellerinden maksimum gii¢ elde etmek icin MGN’da ¢alistirilmalart gerekmektedir.
Giines panellerinin MGN’s1 1ginim siddetine bagli olarak degismektedir. Bu ¢aligmada bir
giines panelinin MGN’da calisip ¢alismadigi belirlemek i¢in bir denklem gelistirilmistir. Bu
denklem, tasarlanip liretimi gerceklestirilen giines panel verilerini uzaktan izleme kartina
gomiilii kod olarak yazilmistir. Giines panelinden Olgiilen veriler bu 6l¢iim kart1 ile internet
ortamina aktarilmaktadir. Bu 0Olglim kart1 sayesinde uzaktan bir glines panelinin gergek
MGN’da calisip calismadigl izlenebilmektedir. Bdylece gilines panelinden alinabilecek
maksimum giic degeri ile gercekte galisma sartlar1 karsilagtirilarak verim analizi yapilma
imkan1 sunulmaktadir. Bu ¢aligmada 20 W’lik bir giines paneli kullanilmistir ve farkli ytik
durumlar altinda MGN tespiti gergeklestirilmistir.
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OZET

Hizla gelisen teknolojiyle insanlarin, ekonomik ve sosyal alanlarda daha konforlu, giivenli ve
zamanini daha verimli kullanarak yasama ihtiyaci 6n plana ¢ikmaktadir. Bu ihtiyaclara yonelik
demiryolu ulasimi giivenli, hizli ve ekonomik olmasinin yaninda, sehirlesme ve sanayilesmenin
getirdigi yogun trafik ve ¢evre kirliligi gibi sorunlarin ¢éziimii i¢in de dnemli bir alternatiftir.
Tiim diinyada rayli sistem ulasim araglar1 hizla gelisim gostermektedir. Bunun bir sonucu
olarak, demir yolunun ve yolcularin giivenliginin saglanmasi ve iyilestirilmesi amactyla bir¢ok
arastirma yapilmaktadir. Rayli sistemlerde kullanilan bilesenlerin, 6zellikle yangin gibi
durumlarda giivenlik standartlarin1 saglamasi oldukc¢a kritik bir olgudur. Buna yonelik
gerceklestirilen literatiir arastirmalart sonucunda, rayli sistemlerde kullanilmak iizere
mukavemeti ve yanmazlik sinifi yiiksek, polimerik malzemeden imal edilmis yeni bir baglanti
kelepgesine ihtiya¢ duyuldugu gézlemlenmis ve bu durum yapilan ¢alismanin motivasyonunu
olusturmustur. Bu ¢alisma kapsaminda, rayli sistemlerde kullanilmak {izere istenilen kalitede
ve standartlara uygun, halojen icermeyen, yanmazlik sinifi yiiksek, uygun kimyasal 6zellikli ve
mekanik degerleri saglayan hammaddeden imal edilmis, polimer baglant1 kelepgesinin tasarimi
ve tretimi gergeklestirilmistir. S6z konusu ¢alismada sirasiyla, Urtiniin ii¢ boyutlu modelinin
bilgisayar destekli yazilimlar araciligiyla olusturulmasi, uygun malzeme se¢imi, kalip ve imalat
ekipmanlar1 tasarimlarinin yapilmasi ve prototip iiretimi faaliyetleri adimlar1 izlenmistir.
Ayrica, prototip iiretimi gerceklestirilen iiriiniin, oksijen indeksinin belirlenmesi, yanal alev
yayilmasi, zehirli gaz salinimi, kaydirmazlik ve yanmazlik tayini gibi testler kapsaminda
karakterizasyon ¢aligmalart yapilmustir. lgili c¢alisma kapsaminda, rayli sistemlerde
kullanilmak tizere, yanmazlik 6zelligine sahip, ¢ekme ve kopma dayanimi arttirilmis yeni nesil
bir baglant1 kelepcesinin iiretimi gerceklestirilmistir. Uriin ve kalip tasarimi sirasinda maliyet
faktorii g6z Oniline alinarak, yeni Uriin ve prosesin maliyetinin minimize edilmesine
odaklanilmistir. Ayrica, s6z konusu ¢alismayla birlikte, katma degerli, rekabetci ve ithal ikame
bir iiriiniin elde edilmesi saglanmis ve firmanin sahip oldugu iiriin ¢esitliligi arttirilmigtir.

Anahtar Kelimeler: Baglant1 kelepgesi, rayli sistemler, yanmazlik, mekanik 6zellikler.
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1. GIRIS

Insanlarin ekonomik ve sosyal alanlarda daha rahat ve giivenli bir sekilde yasamak istemeleri,
glinlimiizde bir¢ok alanda iyilestirme ve gelistirme c¢alismalarina duyulan ihtiyacin artmasini
beraberinde getirmektedir. Bu alanlardan biri olan ulasimda, siirekli olarak arastirma ve
gelistirme ¢aligmalart yiirtitiilmektedir [1]. Ulasim tiirleri arasinda, 6zellikle giivenlik ve hiz
bilesenleri, ekonomiklik, yogun trafik ve cevre kirliligi gibi kiiresel problemlerde ¢oziim
niteliginde olmasi gibi avantajlar1 goz oniine alindiginda, demir yolu ulasimi 6zellikle dikkat
cekmektedir [2]. Giinlimiiz teknolojisine sahip modern ulastirma unsurlar1 sayesinde ulagim
tarihte hi¢ olmadig1 kadar hizli, etkin ve uygun fiyath olarak saglanabilmektedir. Son yillarda
ortaya ¢ikan yiiksek teknoloji {iriinli malzemelerin bu gelisimde pay1 yadsinamayacak olgiide
biiyliktiir. Bu ilerlemeler ile sektorde yeni nesil ve yiiksek mukavemetli iirlinlere olan
gereksinim her gecen giin artmaktadir. Diger bir yandan, 6zellikle yangin durumlarinda
meydana gelen hasarlarin ve bu tarz problemlerin ortaya ¢ikisinin 6nlenebilmesi ve minimize
edilebilmesi amaciyla, sektore yonelik gelistirilmis malzemeler ve bu malzemelerden imal
edilmis tiriinlere olan ihtiyag da dikkat ¢ekilmesi gereken bir konudur [3]. Bu nedenle yeni nesil
malzemelerin, ulagtirma teknolojisine adaptasyonu ve yangin performanslarinin belirlenmesi
gerekliligi, sektor standartlarinda 6nemli bir yer tutmaktadir.

Tiim diinyada rayli sistemlerin kullanildigi ulagim araglart hizla gelismektedir. Ulagim
sektoriinde meydana gelen bu gelisim, araglarin lokomotif ve vagon tasarimlarimi da
degistirmektedir. Bircok farkli iilkede demir yolu sektdriinde kullanilacak pargalarin sahip
olmasi istenilen oOzellikler, farkli kalite ve standartlar kapsaminda ele alinmaktadir. Rayli
sistemlerde kullanilan plastik gruplarin ise, giivenlik standartlarina uygun olarak halojen
icermeyen, yanmazlik siifi yiiksek, EN 45545-2 standardina uygun hammaddelerden elde
edilmesi istenmektedir.

Plastik malzemelerin sekillendirilmesinde, basingli, doner, basing ve 1s1 ile kaliplama, sisirme
ve enjeksiyonla kaliplama gibi pek ¢ok teknik kullanilmaktadir. Termoplastik malzemelerin
seri liretiminde kullanilan en yaygin yontem ise enjeksiyonla kaliplama olarak karsimiza
cikmaktadir. Plastik enjeksiyon, belirli bir sicaklik altinda ve siirtiinmeden faydalanilarak
akigskan haline getirilen termoplastik malzemelerin, basing uygulanmasiyla kalip icerisinde
sekillendirilmesi esasina dayanmaktadir [4]. Enjeksiyon makinesi ve kalip bu yontemin ana
bilesenlerini olusturmakla beraber, karmasik ve farkli geometrilerde otomobil parcalari, ev
esyalari, elektronik parcalar gibi pek ¢ok endiistriyel iiriiniin eldesi miimkiindiir [5]. Hizli,
yiiksek hacimde iiretime ve otomasyona uygunluk, malzeme kaybinin ¢ok diisiik olmasi, ayni
makine ve kalip ile farkli malzemelerin sekillendirilebilmesi, diisiik boyutsal toleranslarda
caligmaya elverisli olmasi gibi parametreler, yontemin avantajlart arasinda yer almaktadir [6].
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Gorsel 1. Plastik enjeksiyon sistemi ve bilesenlerinin sematik gosterimi [7].

Polimerik malzemelerin plastik enjeksiyon yontemi ile sekillendirilmesi sonucu elde edilen
parcalar baglant1 kelepgesi olarak rayli sistemler, otomotiv, savunma sanayi, elektronik,
sogutma gibi sektorlerde atmosferik sartlar (nemlilik, su buhari, basing, vs.) altinda
kullanilmaktadir [8]. Baglanti kelepgeleri, polimerik malzemeden plastik enjeksiyon ile liretilen
plastik par¢a, somunlu taban metali (kaynak plakas1), civata mimari-montajindan olusmaktadir.

Gorsel 2. Baglant1 kelepceleri

Bu calisma ile rayli sistemlerde kullanilmak iizere daha mukavemetli, yanmazlik sinifi yiiksek,
polimerik malzemeden imal edilmis yeni bir baglanti kelepgesine ihtiya¢ duyuldugu
gdzlemlenmis ve bu durum yapilan ¢alismanin motivasyonunu olusturmustur. Boylelikle, rayl
sistemlerde kullanilmak tizere EN 45545-2 standart ve kalite gerekliliklerini karsilayan, halojen
icermeyen, yanmazlik sinif1 yiiksek, uygun kimyasal ve mekanik degerleri saglayan hammadde
gelistirilmis, tirlin tasarimi, tasarimi yapilan {irliniin bilgisayar destekli programlarla verilerin
ortaya ¢ikarilmasi, prototip iiretimi ve test islemlerini igeren polimerik bir baglant1 kelepgesinin
iiretimi gergeklestirilmistir

2. DENEYSEL CALISMALAR

Calismanin konusunu olusturan yiiksek mukavemetli ve yanmazlik 6zelligine sahip baglanti
kelepgesinin tasarim ve iiretim ¢aligmalari ti¢ farkli bilimsel ve teknolojik faaliyet kapsaminda
gergeklestirilmistir. Bu faaliyetlere yonelik bilgiler asagida detayli olarak verilmistir.

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 19




MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

1. On tasarim ve Kavram Gelistirme Faaliyetleri

Calismanin bu asamasinda baglant1 kelepgesi iirliniin, miisteri istek ve beklentileri, kalite
standart ve gereklilikleri kapsaminda ele alinarak, imal edilmesi amaglanmistir. Bu kapsamda
ilgili iirtinden beklenen yiiksek mukavemet ve yanmazlik gibi 6zelliklerin elde edilmesine
yonelik, uygun bir polimerik hammadde recetesi olusturulmustur.

Uriine yonelik malzeme tasarim ve segiminin tamamlanmasinin ardindan, rayli sistem vagon
tireticilerinin talep ettigi iirlin geometrilerine uygun olarak teknik ¢izim c¢aligmalari
gergeklestirilmistir. Plastik enjeksiyon yontemi ve firma altyapisi goz 6niine alinmis ve iiriine
ait dzgiin bir tasarim ortaya koyulmustur. Uriin tasarimi ve malzeme se¢imi c¢alismalariin
ardindan, triinlerin plastik enjeksiyon yontemiyle imal edilmesi sirasinda kullanilacak olan
kalip ve ekipman tasarimlar1 gerceklestirilmistir.

-

-

Il s

Gorsel 3. Baglanti kelepcesinin teknik ¢izim ve 3B model goriintiisii

2. Prototip Uretim Faaliyetleri

Plastik enjeksiyon, sicaklik yardimi ile eritilmis plastik hammaddenin bir kalip igine enjekte
edilerek sekillendirilmesi ve sogutularak kaliptan ¢ikarilmasini kapsayan bir imalat yontemidir.
Bu yontem ve kalip tasarimai ile ¢coklu {iriin tiretimleri gergeklestirmek miimkiin olabilmektedir.
Teoride kapama, enjeksiyon ve kalip gibi bolumlerden olusan enjeksiyon ile iiretim
makinesinde sicaklik, basing ve uygulama siiresi gibi degerlerin {iriin Ozellikleri ve
geometrisine gore optimize edilmesi gereklidir. Caligmanin bu asamasinda tasarimi yapilan
parcanin imalatinda kullanilacak kalip ve ekipmanlarin iiretimi gergeklestirilmistir. Kalip
tiretiminin ardindan, s6z konusu tasarima yonelik prototip iirlin, gelistirilen hammadde bilesimi
kullanilarak ve uygun enjeksiyon parametreleri belirlenerek plastik enjeksiyon yontemiyle elde
edilmistir.
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Gorsel 4. Son iiriine ait gorsel

3. Test ve Karakterizasyon Calismalari

Gergeklestirilen pilot iiretimlerle s6z konusu baglanti kelepgesinin imali saglanmgtir.
Calismanin bu asamasinda, plastik enjeksiyon yontemiyle elde edilen yiiksek mukavemete ve
yanmazlik 6zellikli baglant1 kelepgesinin laboratuvar ortaminda test, karakterizasyon ve analiz
calismalar1 gergeklestirilerek iiriin performans degerleri ortaya koyulmustur. Bu kapsamda,
yeni kalip ve hammadde kullanilarak imal edilen iiriinlerin, teknik resimlerde verilen olgii
degerlerine ve toleranslara uygunlugu kontrol edilmistir. Uretilen iiriinlerin uygun gapta borular
ile montajlanmasiyla, kelepgelerin sikma kontrolii saglanmistir. Ayrica, kaydirmazlik testi,
oksijen indeksi testi, yanal alev yayilma ve zehirli gaz salimim deneyleri gerceklestirilmistir.
Son olarak, yapilan mekanik testlerle iiriiniin mekanik 6zellikleri degerlendirilmistir. Prototip
tiriin tizerinde gerceklestirilen test ve analizlerde, kalite ve standart gereklikleri kapsaminda
tiriinden beklenen fiziksel, mekanik, yanmazlik 6zellikleri Cizelge 1°de verilmistir.

Cizelge 1. PA6 VO Malzemeye ait teknik veriler

PA6 VO Malzemesi Teknik Verileri Test Sartlar: Birim Standart |Deger
y Yogunluk 22 +1°C glcm® | 1SO 1183-1 | 1,16
g ﬁ Nem Miktari 130°C, 15 min max. % | 1SO 15512 -
N3 Kiil Miktar1 800°C, 15 min max. % | 1SO 3451-1 -
o N .
© Akiskanlik Indeksi 235°C, 2,16 kg 9/10 min | 1SO 1133-1 -
Cekme Dayanimi 22 £1°C, 50 mm/min MPa ISO 527-2 | 52
. Elastisite Modiilii 22 +1 °C, 50 mm/min MPa ISO 527-2 | 2200
-~ Kopmadaki Birim Sekil
= . 22 £1°C, 50 mm/min % SO 527-2 | 18
= Degistirme
:5 Egilme Dayanimi 22 £1°C, 50 mm/min MPa ISO 178 -
% Egilme Modiilii 22 £1°C, 50 mm/min MPa ISO 178 -
“ ~ . .
B 1zod Centikli Darbe 29 41°C K3/m? 1SO 180 6
= Dayanimi
Izod Centiksiz Darbe 22 41°C KIm? | 10180 | 38
Dayanimi
> © € E @  Yanmazlik Smifi 3mm - UL94 | Vo
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Yanmazlik Sinifi 1,5 mm - UL 94 VO
Yanmazlik Sinifi 0,75 mm - UL 94 -
Kizgin Te(l(—}ﬁ\\/:/elglll)eneblllrllk 3mm oC EN 60695 | 960
Kizgin T(%—V"l\"/ 1|1_t|51)§ab111r11k 3mm oC EN 60695 | 960
. Erime Sicakligi °C ISO 11357 -
.i: Cams1 Gegis Sicakligi °C ISO 11357 -
§ Cokme Sicakligi 1,8 MPa-50 °C/h °C ISO 75-1/2 -
Q Vicat Yumusama Sicaklig1 50N- 50°C/h °C ISO 306 -
Té Bozunma Sicakligi 10 °C/min °C ISO 11358-1| -
P .
& Ié‘g_lgo%a?g)l %  |ISO 11358-1
- On Kurutma Sicaklig °C 80-120
§, ;“: On Kurutma Siiresi hour 2-4
E ;:E} Proses Sicakligi °C 240-270
Enjeksiyon Sicakligi Bar 80-140

3. SONUCLAR VE DEGERLENDIRME

Pilot iiretimi gerceklestirilen baglant1 kelepgesinin laboratuvar sartlarinda gerceklestirilen test
ve analizleri sonucunda elde edilen sonuglar Cizelge 2’de verilmistir. lgili ¢izelgede belirtilen
oksijen indeks testi, yanal alev yayilma ve zehirli gaz salinimi deneyleri sirastyla ISO 4589-2,
ISO 5659-2, NF X170- 100 standartlar1 kapsaminda degerlendirilmistir.

Cizelge 2. EN-45545-2 standardi kapsaminda hammadde ve iiriin test sonuclari

reall Kritik Deger |Gegcis Katsayisi
Ol¢iim . 5
Standart . ... | Birim | Deger
Biiyiukliigii
HL1|HL2|HL3|HL1|HL2|HL3
Oksijen indeks Testi 10 % | 386 | 28| 28| 32 (0,73/0,73/083
Rp2 | Yanal Alev Yayilma |y o i 13 | 600|300 | 150 [0,02]0,04 | 0,09
Deneyi
Zehirli Gaz SalinphT¥ < fom - 011 |1,2]091(0,75(0,09/013(0,15
Deneyi
Oksijen indeks Testi 10 % | 386 | 28| 28| 32 (0,73/0,73/0,83
Rog | Yenal Alev Yayilma | - o ] 13 | - |600|300| - |0,020,04
Deneyi
Zehirli Gaz Sahmm | - - | o011 | - 18|15/ - |006]008
Deneyi
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4. GENEL DEGERLENDIRME VE SONUCLAR

Calisma kapsaminda, rayli sistemlerde kullanilmak iizere, yanmazlik 6zelligine sahip baglanti
kelepgesinin iiretilmesi ve lriine iliskin test ve performans degerlendirmelerinin yapilmasiyla
elde edilen genel sonuclar asagida verilmistir.

» Teknik sartnameye uygun V1 yanmazlik sinifina sahip baglant1 kelepgesinin iiretimi
saglanmistir.
Minimum 500 N ¢ekme dayanimina sahip bir {iriin elde edilmistir.
10.000 — 15.000 N kopma ytikiine sahip bir baglant1 kelepcgesi ortaya ¢ikarilmistir.
Ulusal ve uluslararas1 rayli sistem vagon {reticilerinin tedarik¢isi olunmasini
saglayacak ve firma iirlin gesitliliginin arttirilmasini saglayan yeni {irlin tasarimi ve
tiretimi gergeklestirilmistir.
Katma degeri yiiksek baglant1 pargalarinin tiretilmesi saglanmistir.
Ithal edilen s6z konusu iiriiniin yerlilestirilmesi miimkiin hale gelmistir.

YV V

\ %
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ABSTRACT

This work presents to obtain the torsional natural frequencies and mode shapes of the torsional
vibration damper. The torsional vibration damper is mounted on the end of the crankshaft in
the opposite direction of the flywheel to dampen the torsional vibrations, especially high-torque
diesel engines. The torsional vibration damper used in the study consists of thirteen elements
include rubber, silicone and other materials. Therefore, in this study, the Holzer, matrix, finite
element methods and modal test are realized to determine the torsional natural frequencies and
mode shapes of the proposed torsional vibration damper, then all obtained reaults are compared.
The torsional vibration damper, consisting of thirteen elements, is reduced to five masses using
the lumped-mass method, and an equivalent lumped mass model is created. This five-mass
model is obtained by connecting three masses in series, two masses in series and two masses in
series, and three parallel branches. The equations of the motion of the system are achieved using
the equivalent model. The obtained equations of motion are used in the determination of
torsional natural frequencies using the matrix method. Since the Holzer method is not suitable
for the multi-parallel branched lumped-mass model, a modified approach is developed to
calculate the system's natural frequencies. For the finite element method, a numerical model of
the torsional vibration damper is formed using a one-to-one CAD model. Modal analysis with
computer-aided finite element method is carried out with Ansys Workbench software. Finally,
the values obtained by performing the modal test are accepted as reference and compared with
the values of other numerical methods. Accordingly, the finite element method converged 97%,
the matrix method 92% and the Holzer method 90%. Considering the linearization of materials
exhibiting nonlinear behavior in the study, the developed modified Holzer method provided a
satisfactory convergence.

Keywords: Torsional vibration, Torsional natural frequency, Holzer Method, Modal Analysis,
Matrix Method, Finite element Method, Ansys Workbench
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1. INTRODUCTION

The aim of this study is to analyze the torsional vibration damper on the cranktrain system
operating under dynamic loads. The torsional vibration damper is a part that dampens torsional
vibrations and prevents crankshaft fracture and increases fatigue-life. The torsional vibration
damper is designed according to the determined vibration characteristics of the cranktrain
system. Therefore, the natural frequency and mode shapes of the torsional vibration damper
must be determined precisely. Torsional natural frequency values calculated using three
different numerical methods and modal tests were compared.

Previous research show that traditional analytical methods, numerical methods, computer aided
engineering methods and test methods have been successfully implemented to optimize the
torsional vibration damping. For example, a in a study introduced the torsional vibration damper
using an innovative method by combining two different parametric optimization methods;
energy and modal inertia methods. It has been shown that multi-degree of freedom TVDs
provide advantage in parameter optimization, but lose this advantage in low degree of freedom
TVDs (Tan et al., 2017). In another related research, presented the torsional vibrations of a
crankshaft using two lumped mass mathematical model approaches considering a single mass
viscous torsional vibration damper and a double mass rubber TVD. According to the excitation
torque map, implications were made about what kind of TVD design should be chosen (Mendes
et al., 2008). Torsional vibration dampers can be manufactured from containing rubber-
dampers, viscous dampers, or both. Since the mechanical behaviors of rubber and silicone
materials do not show a linear elastic, methods specific to the material models should be used
in the calculation of stiffness and damping coefficients. The design criteria were determined in
order to minimize torsional vibrations of the rubber bearing rotor system driven at different
frequencies and, stiffness and damping coefficients were obtained for a realistic lumped mass
model (Zhu et al., 2020). When modeling TVD at flexible dynamics methods, the stiffness (k)
and damping (c) coefficients of the materials used must be obtained. Viscous and rubber
materials, which are elements of TVD, do not exhibit a linear behavior. In a study simplified
the geometry using lumped mass model to examine the torsional vibrations of a six-cylinder
diesel engine in the crank system and, they obtained critical vibration cycles by Fourier analysis,
taking into account firing orders. Generally valid information has been obtained about how
much damping effect of TVD in which situations (Mitianiec & Buczek, 2008). Another
researcher preferred rubber material as a damping element in TVD models. They compared the
torsional vibrations in the crankshaft as 3 models, without TVD, A-type rubber TVD, B-type
rubber TVD. Although they did not mention the performance of the B-type rubber damper, they
reduced torsional vibrations by approximately 35% (K. Wakabayashi, Y. Honda, T. Kodama,
1995). A rubber material design has been considered to absorb the high amplitudes that occur
in the torsional axis during resonance considering the different harmonic orders. According to
the results, the torsional vibrations are reduced by approximately 50% with TVD (Ramdasi &
Marathe, 2004). In a study, considered the harmonic vibrations, a rubber-type TVD is optimized
through AVL software, and the effect of optimization on the stress state caused by torsional
vibrations is observed. For comparison, no damper, untuned, tuned unitary and tuned optimum
cases are considered and the stress is reduced by approximately 25% (Villalva et al., 2013). In
another study mathematically less complex differential equations of the movement of an elastic
crankshaft and their solutions with acceptable accuracy according to the actual system have
been developed. The instantaneous angular velocity of the free end of the crankshaft consists
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of solid body motion mode and elastic deformation mode. In general, the crankshaft and other
parts of the engine can be modeled as discrete systems. This leads to an infinite number of
degrees of freedom and requires the resolution of partial differential equations. Another
approach is to separate the continuous system into a series of finitized solid objects that connect
with springs and dampers. The partial mass model of the crankshaft and the corresponding
motion equations for each mass quite accurately simulate the actual dynamics of the crankshaft
(Milasinovi¢ et al., 2016).

In this study, they examined the static and dynamic strength of the crankshaft, which is one of
the most important components for the effective and precise operation of the internal
combustion engine. In this study, a static structural and dynamic analysis has been made on a
single cylinder four-stroke diesel engine crankshaft. A suitable model of the crankshaft was
created according to the dimensional detail drawings of the existing crankshaft, using advanced
computer-aided design software, Pro / Engineer software. Finite element analysis was
performed using ANSY'S software under static and dynamic conditions to obtain the variation
of the stresses of the crankshaft at different critical points. Boundary conditions are applied to
the finite element model in accordance with the motor specification scheme and the mounting
conditions of the motor. The optimization of the crankshaft has been studied on the existing
crankshaft in the area of geometry and shape; However, the optimized crankshaft design,
working mainly on geometry and shape optimization, has been replaced by the existing
crankshaft without changes in the engine block and cylinder head. The optimized crankshaft
helped to improve the performance of the engine and caused a reduction in weight. This
optimization study of the crankshaft helped reduce 4.37% of the weight on the original
crankshaft (Shahane & Pawar, 2017). In another effort, they performed a breakage, strain and
modal analysis of the diesel engine crankshaft. The damaged area was examined by electron
microscope and microfractures were detected. The values obtained as a result of the stress tests
showed that the material used was within the range defined by the standard. Finite elements
method was used to explain the cause of damage to the early fractured crankshaft. When the
results of the stress analysis were examined, the maximum stress occurred in a different place
from the area where the crack inset occurred. This result showed that there was no static
breakage. In the results of modal analysis, it was determined that in the second free vibration
mode, the high stress area was located in the crack area. Based on the results of the
examinations, it was concluded that the main cause of early fracture was the resonance vibration
of the crankshaft (Witek et al., 2017).

2. THE DYNAMIC MODELING OF THE TORIONAL VIBRATION DAMPER

Generally, vibration problems are considered as a single degree of freedom system. But more
complex systems can have many degrees of freedom. If the degree of freedom of the system is
not more than three, the standard technique used in solving these systems is to obtain equations
of motion with Newton's laws of motion. Then the differential equation of motion is solved by
assuming a suitable solution. But as the mass number of the system increases, the solution of
differential equations becomes almost impossible (Vatandas, 2017). Considering a system with
n degrees of freedom, there are n free vibration equations, which are the 2" order differential
equations, in this system. The frequency equation is obtained as a result of solving these
equations and the frequency equation has n roots (Ozgiir & Pasin, 1996).
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Figure 1 The discrete system model of a double mass rubber and viscous torsional
vibration damper

The discrete system model of a double mass rubber and viscous torsional vibration damper
(DMRV-TVD) subject to the study is given in Figure 1. DMRV-TVD, which consists of five
masses, is obtained by three parallel branches connected in series with each other. Five linear
equations belonging to these five masses are obtained. In addition, the parameters of the system,
moments of inertia, stiffness coefficients and damping coefficients are also calculated (Sezgen
& Tinkar, 2021).

2.1. Holzer, Computer Aided Finite Element, Matrix Method: Undamped Free
Vibrations of the Torsional Vibration Damper

For torsional vibration analysis, dunkerley formula, Rayleigh method, Holzer method, Matrix
method and Jacobi method were used numerically. As a standard value-value problem, in
addition to choleski parsing, many different methods have been used to find a numerical
solution to the self-worth problem (Jennings, 1984; Wilkinson, 1965). Bathe and Wilson have
compared some of these methods (Bathe & Wilson, 1973). In recent studies, studies have been
carried out on methods that can solve complex self-worth problems more simply (Cohen &
McCallion, 1967; Fricker, 1983). Studies on obtaining natural frequency values using Sturm
arrays (Gupta, 1972). Using topological methods, the discrete system model was presented in
an alternative way to solve vibration problems (Chen & Chen, 1969). Computer aided methods
and experimental methods are presented in literature research. Double mass rubber and viscous
torsional vibration damper, an innovative torsional vibration pulley, have focused on methods
that will achieve optimum time, ease of use and accurate result parameters of natural frequency
and mode.
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Holzer table for first parallel branching Holzer table for third parallel branching
Figure 2 Holzer tables for DMRV-TVD

There is no need to derive frequency equations in the Holzer table method (Figure 2). Therefore,
it consists of filling in the parameter values in the table for a selected "angular natural
frequency” w and observing the final state. When an object vibrates with natural frequency, it
can maintain its motion without the need to apply an external torque (Mg) of resonance
amplitude. This angular is the main feature that emphasizes the physical meaning of the natural
frequency. These amplitudes are arbitrarily shaped according to the size of the first sudden
torque pulse we apply in a manner that will drag the torsional system under consideration to
free vibration at the natural frequency of that system. For this reason, if the amplitude of one of
the masses on the system is assumed to be assigned a certain value as 1, the angular-
displacements of the other masses can be easily determined depending on this value. By making
use of this property of the amplitudes, it arises that the sum of all internal inertia forces in the
system must be zero (Karabay, 2017).
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Figure 3 Matrix method and parameters of DMRV-TVD

The matrix iteration method assumes that the natural frequencies are distinct and well separated
such that w; < w, < ... < w, < w,. The iteration is started by selecting a trial vector X,, which
is then premultiplied by the dynamical matrix [D]. The resulting column vector is then
normalized, usually by making one of its components equal to unity. The normalized column
vector is premultiplied by [D] to obtain a third column vector, which is normalized in the same
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way as before and becomes still another trial column vector. The process is repeated until the
successive normalized column vectors converge to a common vector: the fundamental
eigenvector. The normalizing factor gives the largest value of A = 1/w? that is, the smallest or
the fundamental natural frequency (Mahalingam, 1980). The convergence of the process is
explained in Figure 3.

Figure 4 Mesh model of the DMRV-TVD system

Modal analysis, also called frequency analysis, finds natural frequencies and vibration shapes
associated with these frequencies. Vibration modes describe a mass that oscillates without
damping and forcing forces. While a real-life structure may have an infinite number of degrees
of freedom, it still has discrete vibration modes. With its frequency value and associated mode
shape, each mode corresponds to the situation where the force due to stiffness is equal to and
opposite to the force from inertia (M.Kurowski, 2017).

[K]. [x] = [F] 1)

[M]xX + [C]x + [K]x = [F(t)] )

where

[M]—mass matrix

[C]—damping matrix

[K]—stiffness matrix

[F]—vector of nodal loads

[X]—vector of nodal displacements

Modal analysis deals with free and undamped vibrations where [F(t)] = 0 (no excitation force)
and [C] = 0 (no damping). Therefore, Eq. (2) can be simplified to:

[M]X +[K]x =0 (3)
Finding nonzero solutions of Eqg. (3) presents an eigenvalue problem; it provides modal
frequencies and associated mode shapes of vibration:

[K1{$}; = w?[M]{¢}; (4)
Equation Eq. (4) has n solutions, where w? is called the eigenvalue, and the corresponding
vector {@}1i is called the eigenvector. The relation between eigenvalue and frequency expressed
in Hertz is

fi=m (%)
In this study, Ansys software is used to execute the finite element method. Separate material
assignment of the parts is made based on a realistic Cad model. Later, connection and boundary
conditions are defined to simulate the reality. Another critical issue is determining
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parametrically a mesh model belonging to the cranktrain system, as shown in Figure 4, to obtain
the most accurate result.

In this study, Ansys software is used to execute the finite element method. Separate material
assignment of the parts is made based on a realistic Cad model. Later, connection and boundary
conditions are defined to simulate the reality. Another critical issue is determining
parametrically a mesh model belonging to the cranktrain system, as shown in Figure 4, to obtain
the most accurate result.

2.2. Modal Test for Torsional Vibration Damper

Since any dynamic response of a structure can be obtained as a combination of its modes, a
knowledge of the mode shapes, modal frequencies, and modal damping ratios constitutes a
complete dynamic description of the structure. Experimental modal analysis, also known as
modal analysis or modal testing, deals with the determination of natural frequencies, damping
ratios, and mode shapes through vibration testing (Brinkman & Macioce, 1985; deSilva &
Palusamy, 1984; Dovel, 1989). Two basic ideas are involved:

1. When a structure, machine, or any system is excited, its response exhibits a sharp peak
at resonance when the forcing frequency is equal to its natural frequency when damping is not
large.

2. The phase of the response changes by 180° as the forcing frequency crosses the natural
frequency of the structure or machine, and the phase will be 90° at resonance.

The modal test is used to compare the performance of numerical methods and the results of the
modal test were accepted as reference.

The modal test for DMRV-TVD shown in Figure 5 is used to compare the performance of
numerical methods, and the results of the modal test have been accepted as reference.

Figure 5 Modal test interface with the DewesoftX software, the accelerometer and modal
hammer

While in the actual situation the crankshaft is fixed to the hub, for the DMRV-TVD modal test,

a shaft is fixed to the hub. The accelerometer is connected to the pulley part, which is the outer

part of the DMRV-TVD. On the same part, a part is attached to the opposite side of the

accelerometer to hit it with a modal hammer. The responses of the pulley excited by the modal
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hammer on the rotary axis are collected from the accelerometer. By connecting the
accelerometer and modal hammer to the Dewesoft device, the productive sensitivity values of
the accelerometer are entered. After opening the modal test interface with the DewesoftX
software, the accelerometer and modal hammer force data are checked. During the test, it is
important to operate with a single touch and avoid a double hit from the hammer. After the
force from the hammer and the acceleration data from the accelerometer are recorded, the modal
frequencies are checked from the FFT Graph.

3. RESULTS AND DISCUSSION

Frequency scanning is performed from one to the end of the working range in the Holzer tables.
Values, where total torque is equal to zero, are considered natural frequency. Accordingly, the
frequency - total torque graph is drawn, and the natural frequency values are determined. In
Figure 6-a and 6-b, the first and second torsional natural frequency values are seen as 23hz. and
307hz. respectively.

Residusl tarue [Nm)
Hesidual torque (Nm)

Freqency (1) Fregency (Hz)

Figure 6 a) First b) Second torsional natural fregency by Holzer method

Finite element modal analysis values expected to be at relative values with the Holzer method.
Since the torsional vibration damper has parts that are not visible from the outside, a section
has been taken as shown in Figure 7 to understand the mode shapes better. In Figure 7-a, the
first torsional natural frequency is found on TVD and about 22,64hz. In Figure 7-b, the second
torsional natural frequency value is calculated as 316,28hz.

Figure 7 a) First b) Second torsional natural fregency by finite element method

In Figure 8, the first two natural frequency values of 4 different methods are given on the FFT
graph. The FFT graph was obtained from the modal test results and transferred to the computer
with the DewesoftX software.
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Figure 8 The first two natural frequencies of the 4 methods on the FFT graph

In this table, Holzer, matrix, finite element method and modal test natural frequency results are
given comparatively. According to these results, the first natural frequency values calculated
by Holzer and matrix methods are relatively far from the reference value. When these methods
are considered as simple methods with very few degrees of freedom, they turn out to have very
satisfactory results.

Table 1. Method comparison chart

lst i | an i |
Method isiend Converge iy Converge
natural frequency natural frequency
Holzer Method 23 88% 307 95%
Matrix Method 25,09 78% 3214 99%
Finite Element
0 0,
Method 22,6 91% 316 97,5%
Modal Test 20,5 referance 324 referance

4. CONCLUSIONS

According to these results, the first natural frequency values calculated by Holzer and matrix
methods are relatively far from the reference value. When these methods are considered as
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simple methods with very few degrees of freedom, they turn out to have very satisfactory
results.
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ABSTRACT

This study aims to obtain the torsional natural frequencies and mode shapes of the twelve
degrees of freedom cranktrain system consisting of a flywheel, crankshaft, and torsional
vibration damper elements using Holzer and finite element methods. An equivalent lumped
mass model of the proposed cranktrain system is created by considering twelve masses
connected with spring and damping elements. In equivalent modeling approach, eight elements
of the lumped mass model are connected in series, the rest four masses are connected by three
parallel branchings. Also, these four masses express the torsional vibration damper includes
rubber and silicone materials. Generally, the Holzer method is often used to obtain the torsional
natural frequency of multi-degree of freedom series-connected systems, therefore a parallel
lumped-mass model in which three separate masses are connected to a single mass is not
encountered in the literature. Thus, in this study, the Holzer method approach has been
developed to determine the torsional natural frequencies of lumped-mass models obtained as
multiple parallel branching. Then the modal analysis is realized using the finite element method
to compare the obtained results as to the Holzer method. In modal analysis Ansys Workbench
software is utilized. While the finite element model is created with 1.2 million degrees of
freedom, the Holzer method's model has only twelve degrees of freedom. At the end of the
study, the torsional natural frequencies obtained by the Holzer method are compared with the
finite element method, and it was determined that it approached 90%.

Keywords: Torsional vibration, Torsional natural frequency, Holzer Method, Modal Analysis,
Finite element Method, Ansys Workbench
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1. INTRODUCTION

Rotating parts are inherently subject to torsional loads. On the other hand, high-speed rotating
components are subjected to torsional vibration and torsional load. Suppose torsional vibration
is not included in the design criteria in systems obtained with rotating elements. Even if it is
statically safe, the fatigue-life of the system will be low. The most crucial factor that
distinguishes torsional vibrations from lateral vibrations is that torsional vibrations cannot be
detected until damage occurs. For this reason, the term “insidious vibrations” can be
encountered in foreign literature to express the difficulty in detecting torsional vibrations.
(Hammady, 2017)

In this study, the cranktrain, an indispensable part of the automotive and machinery sector, was
used as a system obtained from rotating elements. The cranktrain system discussed in this study
belongs to a four-cylinder high-torque and cycle diesel internal combustion engine. Cranktrain
system generally consists of three main parts: flywheel, crankshaft, and torsion vibration pulley.
One of the most significant mechanical problems of this type of engine is the crankshaft
breakage over dynamic loads. In order to make fatigue life calculations in the frequency or time
domain of the crank system, it is necessary to determine the vibration characteristics of the
structure, the loading state and the dynamic behaviour of the material used. In this study, the
vibration characteristics of cranktrain, a structure exposed to torsional vibration, have been
investigated using Holzer and finite element methods.

When the previous studies are examined, the Holzer method has been successfully applied to
calculate the natural frequencies of multi-degree freedom rotating systems. For example,
(Quiroga et al., 2019) compared the results of a simple three-mass system by calculating the
first two natural frequencies using the Holzer and finite element method. The results obtained
with the Holzer table obtained from the equivalent model in which three masses were connected
in series with a spring approached 98% to the finite element method. (Jayananthan &
Shravankumar, 2018) studied the vibration characteristics of the power transmission system of
the ship diesel engine. Natural frequency values were determined by the Holzer method from
the equivalent model obtained by the discrete mass model. There was a 6.75% difference
between the values obtained from the independent design office and the Holzer method.
(Tamkhade & Kondhalkar, 2012) designed a viscous torsional damper for a six-cylinder diesel
engine. The cranktrain was simplified to obtain an equivalent mass model consisting of ten
masses. A Holzer table was constructed using mass moments of inertia, spring constants, and
other parameters. By scanning the table with frequency values, it was found that there is a
natural frequency where the torque value is equal to zero. This result has shown an accuracy of
over 90% by comparing it with experimental methods.

The performance of the modal analysis using the computer-aided finite element method gives
satisfactory results compared with the experimental results. (Zhao & Jiang, 2009) calculated
the natural frequency of the crankshaft using five different methods, including the finite element
method, and compared the results. The finite element method approached a reference value
accepted as correct with an error rate of 4.4%. (Shah & Bhabhor, 2014) found the same values
with two different computer-aided finite element software Ansys and Hypermesh, to find the
crankshaft's natural frequency and mode shapes belonging to a high-speed diesel engine. Mass
inertia and stiffness matrices can be obtained very precisely in modal analysis studies using the
finite element method. The systems considered can have approximately over one million
degrees of freedom. Therefore, the accuracy of the results obtained is much higher than other
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numerical methods. Apart from the advantage of this situation, the need for high CPU brings
with it the problem of adaptation to different models. Apart from this, when the literature is
examined, the software used are commercial products and their prices are very high.

In this study, the Holzer method, which is one of the widely used methods to determine the
vibration characteristics of systems exposed to torsional vibration, has been used by modifying
it specifically for the system under consideration. The natural frequency values obtained by the
modified Holzer method were compared with the results of the computer-aided modal analysis
using the finite element method.

2. THE DYNAMIC MODELING OF THE CRANKTRAIN SYSTEM

To dynamically model a real system, a simplified equivalent model is first needed. However, it
must be verified that this simplified equivalent model simulates the real system. The cranktrain
system discussed in this study has been facilitated by using the lumped mass model. Consisting
of twelve masses in total, one of the equivalent model masses is for the flywheel, six for the
crankshaft, and five for the torsional vibration damper. The section is shown in green in Fig 1.
belongs to the torsional vibration damper. Unlike the other parties, here, the model is obtained
using parallel branching. This situation has been acquired by examining both the assembly
method and the experimental results.

| I J 1 |
T | T

DMRV-TVD Crankshaft Flywheel
Figure 9. Cranktrain lumped mass model

The motion of equations of a double mass rubber and viscous torsional vibration damper
(DMRV-TVD) obtained from the lumped mass model is obtained (Sezgen & Tinkir, 2021). The
unknown parameters of the equations of motion, the moment of inertia, stiffness and damping
coefficient, are also calculated according to geometry and material properties. Since the
equations of motion are created using Newton's second law, they can be adapted to any method
in classical mechanics.
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2.1. Computer-Aided Finite Element Method: Undamped Free Vibrations of the
Cranktrain

Modal analysis, also called frequency analysis, finds natural frequencies and vibration shapes
associated with these frequencies. Vibration modes describe a mass that oscillates without
damping and forcing forces. While a real-life structure may have an infinite number of degrees
of freedom, it still has discrete vibration modes. With its frequency value and associated mode
shape, each mode corresponds to the situation where the force due to stiffness is equal to and
opposite to the force from inertia (M.Kurowski, 2017).

Figure 10. Mesh model of the Cranktrain system

[K]. [x] = [F] 1)
[M]X + [C]x + [K]x = [F(P)] (2)
where

[M]—mass matrix

[C]—damping matrix

[K]—stiffness matrix

[F]—vector of nodal loads

[X]—vector of nodal displacements

Modal analysis deals with free and undamped vibrations where [F(t)] = 0 (no excitation force)
and [C] = 0 (no damping). Therefore, Eq. (2) can be simplified to:

[M]% + [K]x = 0 ©)
Finding nonzero solutions of Eq. (3) presents an eigenvalue problem; it provides modal
frequencies and associated mode shapes of vibration:

[K1{¢}; = W} [M]{}; (@)
Equation Eq. (4) has n solutions, where w? is called the eigenvalue, and the corresponding
vector {¢}i is called the eigenvector. The relation between eigenvalue and frequency expressed
in Hertz is
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fi=3 5)
In this study, Ansys software is used to execute the finite element method. Separate material
assignment of the parts is made based on a realistic Cad model. Later, connection and boundary
conditions are defined to simulate the reality. Another critical issue is determining
parametrically a mesh model belonging to the cranktrain system, as shown in Figure 2, to obtain
the most accurate result.

2.2. Holzer Method: Undamped Free Vibrations of the Cranktrain

There are methods for finding the natural frequencies of systems such as matrix, finite element,
energy and analytical method. The Holzer method is a frequently used method to find torsional
natural frequencies and mode shapes of multi-mass rotating elements (Wang, 2013).

The system does not need any external load to maintain its motion while oscillating at the
natural frequency value in the undamped free state (Tinkir et al., 2015). In the Holzer method,
torsion angle and torque values are calculated for all masses, respectively, with the oscillation
value input estimated from one end of the system. The input oscillation value at which the total
torque value is equal to zero in the final mass is the system's natural frequency (J.S.Rao, 2011).

The Holzer method is frequently used to find the torsional natural frequencies and mode shapes
of rotating elements. However, the classical Holzer method is used only for equivalent models
obtained from masses connected in series. For this reason, in this study, a method called the
"modified Holzer method" has been developed and made; it can be used for equivalent models
obtained from parallel-connected masses.
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Figure 11. Holzer table for a) First parallel branching, b) Second parallel branching c) Third
parallel branching

In this method, the mass and stiffness effects of other branches are transferred to one of the
parallel branches, and a solution is made over a single branch. Then the process is repeated for
the other parallel branches. As shown in Figure 2, the Holzer table is created as much as the
number of parallel branches obtained. The vibration characteristic of the system is obtained by
combining the natural frequency values obtained from all these Holzer tables.
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3. RESULTS AND DISCUSSION

Frequency scanning is performed from one to the end of the working range in the Holzer tables.
Values, where total torque is equal to zero, are considered natural frequency. Accordingly, the
frequency - total torque graph is drawn, and the natural frequency values are determined. In
Figure 4-a and b, the first and second torsional natural frequency values are seen as 230hz. and
340hz. respectively. In Figure 4-c, the frequency value is not started from zero because the
related area becomes obscure as the amplitude diverges excessively. In this graph, it is seen that
the third torsional natural frequency value is approximately 614. In Figure 4-d, the fourth
natural frequency value in the examined range is found to be 965 hz.
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Figure 4 Torsional natural frequency by Holzer Figure 5 Torsional natural frequency
method a) first b) second c) third d) fourth by Finite element method a) first b)

second c) third d) fourth

Finite element modal analysis values expected to be at relative values with the Holzer method.
Since the torsional vibration damper has parts that are not visible from the outside, a section
has been taken as shown in Figure 5 to understand the mode shapes better. In Figure 5-a, the
first torsional natural frequency is found on TVD and about 230hz. In Figure 5-b, the second
torsional natural frequency value is calculated as 350hz, and the mode shape became effective
on the crankshaft. Figure 5-c shows that the third torsional natural frequency is 609 hz. Figure
5-d shows that the frequency value of the last mode shape in the operating frequency range is
1179 hz.
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Table 1. Comparative results of the first four torsion natural frequencies using the Finite element

and Holzer method.
st nd th th

1 2 3 4
Method torsional Converge torsional Converge torsional Converge torsional Converge
natural natural natural natural
frequency frequency frequency frequency

Holzer 230 99% 340 97% 6139 99% 965 78%
Method

Finite
Element 230,76 - 350,04 - 609,41 - 1179,6
Method

In Table 1, it is shown how close the Modified Holzer method to the finite element method for
the first four natural frequency values. Outside the fourth torsional natural frequency, a
satisfactory convergence has been achieved. The divergence of the fourth torsional natural
frequency value is that the stiffness and damping coefficients of the materials in the model
exhibit viscoelastic behaviour are calculated according to the velocity values in the operating
range.

4. CONCLUSIONS

In this study, cranktain, a complex system subjected to torsional vibration, is discussed. The
complexity of the system has been studied discontinuously, making it impossible to examine it
continuously. Using the computer-aided finite element method, an equivalent model with a
mesh structure with over one million degrees of freedom has been obtained. In addition, another
equivalent model with twelve degrees of freedom determined by using the discrete system
model according to the motion characteristics was obtained. Natural frequency calculations
were made by using finite elements with twelve degree of freedom structure and a complex
equivalent model using the Holzer method. The results of the Holzer method, which was created
and carried out quite simply, were found satisfactory.
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ABSTRACT

As a result of the continuous development of production, the demand for press manufacturing
and metal forming sector is also increasing. Increase in demand in the press industry, the need
to develop more efficient and innovative press mechanisms arises. Additionally press
mechanisms should be designed with the need for higher quality product processing. The most
common mechanisms used in mechanical presses other than hydraulic presses are crank slider
and knuckle joint mechanisms. In this study, the structural analysis of the press body and the
mechanism as a result of the transformation of a mechanical press operating with a crank slider
mechanism into a knuckle joint mechanism was carried out and the effect of the resulting load
distribution on the parts was investigated. Since the press bodies and mechanism components
are exposed to very high loads in accordance with the designs made, they may encounter
structural problems. In order to avoid these problems, innovative designs should be made
according to the results of the structural analysis and the safety factors deemed appropriate in
the literature. The expanded metal press discussed in this study is a mechanical press that
produces 200 tons of force by means of an electric motor drive and flywheel. In addition, in the
study, by considering the load conditions to which the expanded metal press is subjected,
structural analyses of the body and mechanical components were made using Ansys finite
element software and material thicknesses were checked. The material properties of the
components have been defined according to the studies in the literature, and the stress and strain
contour plots have been obtained. The boundary conditions are determined in accordance with
the operating conditions of the machine. The stresses occurring during the operation of the
machine with the crank slider mechanism and the optimized knuckle joint mechanism were
calculated and compared. The minimum material thicknesses were determined by examining
the stress distribution and deformation distribution on the body and mechanism components of
the static loads that occur during the work.

Keywords: Mechanical press, structural analysis, knuckle joint mechanism

1. INTRODUCTION

Heavy industry requires high power in the metal forming sector, and accordingly, hydraulic
systems have become popular due to reasons such as the presses with crank slider mechanism
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not providing the desired power, high torque requirement and the desired variable velocitys.
Hydraulic systems can be applied to all presses operating with the smallest capacity, from the
presses required by large pressures (500-2000 tons). Velocity control can be done as desired,
the system is simple and very easy to control, it can generate very large powers, and it can be
remotely controlled, enabling hydraulic systems to be used in press benches. Mechanical and
hydraulic systems that provide great benefits in steel industry, hot metal workmanship,
automobile industry at high temperatures sand under high loads are used in all kinds of
pressing processes. Hydraulic presses are used in cutting dies where pulsed work is required
and they give better results than mechanical presses. It has made it available in almost every
branch of the industry (Tinkir and Sezgen 2017). The advantage of hydraulic presses over
mechanical presses is that they have adjustable stroke and velocity control. The biggest impact
on productivity in the use of presses is the adjustable velocity and adjustable ram stroke along
with the processing quality. In mechanical presses, these parameters can be adjusted
according to necessity with multi-link mechanisms. To use multi-link mechanisms in presses,
the working conditions of the links under load, their mechanical strength and the strength of
the body under these loads must be controlled, (Maohua and Dengsong 2014). Otherwise,
problems such as cracking, fracture, plastic deformation caused by stresses or high costs
depending on the thickness of the material to be used may occur (Dilmeg, Elmas, and Turhan
2019). In this study, in the work done on an expanded metal press with 200 tons capacity;
Structural analysis, optimization and kinematic analysis of the optimized mechanism were
performed, and the structural analysis of the knuckle joint mechanism optimized with the
crank slider mechanism were compared (Ozkan 2020). These studies were carried out using
Solidworks CAD and Ansys Workbench finite element program. According to the results
obtained in the structural analysis graphics; It has been observed that 50% less stress occurs
in the eccentric shaft with the use of knuckle joint mechanism in the industrial 200 tons H type
eccentric press. It is concluded that the mechanism parts provide working safety with the right
material selection.

2. STRUCTURAL ANALYSIS OF PRESS
2.1. Expanded Metal Press Process

Expanded metal plates are needed for use in some areas of the industry. Fryer grills, decorative
showcases, architectural applications, industrial separators, vehicle oil filters are some of their
usage areas. The purpose of its use, besides being aesthetic, is that it can expand the metal up
to three times the length without wastage and without producing sawdust. In Figure 2.1, the
appearance and processing style of the expanded metal sheet is given. Expanded metal press
performs both cutting and shaping in one-time movement of the ram head due to its mold form.
Ram performs both cutting and shaping in one movement owing to the mold attached to the
table.
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‘ Metal expanding

Figure 2.1 Metal Expanding Process

In the study, on the expanded metal press with a capacity of 200 tons; The structural analysis,
optimization and kinematic analysis of the optimized mechanism were performed, and the
structural analysis of the crank-joint mechanism and the optimized knuckle mechanism were
compared. These studies were carried out using Solidworks CAD and Ansys Workbench finite
element program. According to the results obtained in the structural analysis and kinematic
analysis graphics; With the decrease of 23.6% torque requirement for the industrial 200 ton H
type eccentric press, an increase in the production process and conformity in metalworking
quality were achieved.

ﬁ | -‘ 41l ) | Crankshaft
/ ‘ Mechanism
: Ram
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Figure 2.2 Expanding Metal Press Body and Crank-Slider Mechanism

In the studies performed on the 200-ton capacity expanded metal press shown in Figure 2.2;
Structural analysis, optimization and kinematic analysis of the optimized mechanism were
performed, and the structural analysis of the knuckle joint mechanism optimized with the crank
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slider mechanism were compared. These studies were carried out using Solidworks CAD and
Ansys Workbench finite element software.

Figure 2.3 Crank-Slider Mechanism and Eccentric shaft

Expanded metal press is given in Figure 2.3 as it is used with eccentric shaft crank slider
mechanism. In this study, it is aimed to design a mechanism that can obtain the desired metal
forming curve instead of the crank-slider mechanism, and in this direction, a press mechanism
with knuckle joints is designed.

Upper Fix Mid Link
Revolute Joint

Upper Link Crankshaft
Lower Link Shaft Fix

Revolute Joint

Fix Translational
Joint

Ram

Figure 2.4 Crank-Slider Mechanism and Eccentric shaft

The design of expanded metal press with optimized joint mechanism is given in Figure 2.4. In
this study, it is aimed to design a mechanism that can obtain the desired metal forming curve
instead of the crank-slider mechanism, and in this direction, a press mechanism with knuckle
joints is designed.
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2.2 . Determination of Boundary Conditions for Structural Analysis
In order for the expanded metal press to cut and expand the sheet, the press structure must

also be resistant against the applied force. The calculations and control of the required strength
were made with Ansys finite element software. The general characteristics of the structure with
certain boundary conditions are given in Table 2.1.

Table 2.1 . General Features of The Press Used in The Study

Property Value

Capacity 200 Ton

Strok 50 mm

Sheet dimensions 1500x5mm

Body Weight 8 Ton
Body Material St37
Ram Material St37
Connection Rods Material GG20
Crankshaft Material CK45

While examining with the finite element method, examining the whole assembly in one go
decreases the accuracy. For this reason, the body, crankshaft, ram plate were calculated
separately in the static analysis study. Mechanical properties of materials used in press
components are given in Table 2.2.

Table 2.2 . Mechanical Properies of Used Products

Material Property Value
St37 Yield Strength 235 Mpa
St37 Young Modulus 210 Gpa
St37 Poisson Ratio 0.3
GG20 Yield Strength 275 Mpa
GG20 Young Modulus 190 Gpa
GG20 Poisson Ratio 0.27
CK45 Yield Strength 580 Mpa
CK45 Young Modulus 210 Gpa
CK45 Poisson Ratio 0.28

In Figure 2.5, the appearance of the loads on the press body is shown with the analysis boundary
conditions model. A condition of loading 200Ton (1962000 N) in the pressing direction to the
lower table in the pressing direction is defined.
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Figure 2.5 Press Body Boundary Conditions and Mesh Details

The element dimensions used in the press body mesh model given in Figure 2.5 are selected as
follows.

Maximum tet element size 30mm.

Maximum face sizel5mm.

Minimum element size1l0mm.

Growth rate 1,2

Normal inclination angle 30 degree

Figure 2.6 Crank Slider and Knuckle Joint Mechanism Mesh Models

The CAD model was created in the Solidworks program, and separate faces were drawn
between the assembly parts of the ram head in order to overlap the mesh geometries to each
other. As the mesh method, hex dominant type network structure is used. In this method,
rectangular elements are used homogeneously.

Maximum tet element size 30mm.

Maximum face size 20mm.

Minimum element size 5mm.

Growth rate 1,2

Normal inclination angle 30 degree
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In Figure 2.7, the highest load conditions that the mechanism will be exposed to at the time of
pressing are applied. For 200 Ton force, 1962000 N load is defined in the direction of force,
however, gravity is applied in order not to ignore the effect of the forces due to inertia.
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Figure 2.7 Knuckle Joint Mechanism Boundary Conditions
3. RESULTS AND DISCUSSION

The mechanism was analyzed according to the applied boundary conditions. The maximum
value seen in Figure 3.1 is due to the stress concentration around the joint shaft connection hole.
Since the slider material with a wall of 40mm is cast GG20, the yield stress is approximately
275MPa and the safety coefficient increases approximately 1.4 when compared with the highest
stress.
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Figure 3.1 Knuckle Joint Mechanism Stress Contour — Review of Connection joint
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The upper link, which enables the slider mechanism to be connected to the fixed link with a
rotary joint, the stress graph is given in the Figure 3.2. It was observed that under the applied
load conditions there was 214MPa stress around the pin hole. In the lower link that connects
the slider to the ram plate, it was observed that the highest stress around the pin hole was 214
MPa. If these components are machined from CK45 steel material, a 2.69 times safety factor in
the third link and a 2.71 times safety factor in the fourth link are calculated according to the
yield strength of 580 MPa.
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Figure 3.2 Knuckle Joint Mechanism Stress Contour — Review of Connection links

Stress concentration occurs because there is no radius at the point where the stress shown in
Figure 3.3 is maximized. There is a radius on one side for comparison, and not on the other.
When 20mm radius is made to the @100mm joint shaft bearing in the 40mm walled connection
bracket, the stress from 213MPa decreases to 70MPa as shown in the figure below. Mesh and
geometry simplification is of great importance in finite element solutions.
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Figure 3.3 Stress contours on knuckle joint mechanism ram and radius effect compare
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The crank slider mechanism is generally at a safety level according to the materials whose stress
values are assigned. However, it has been observed that the stress value on the joint shaft is
higher than the desired value, as in the knuckle joint mechanism, in the region shown with the
phrase "Max" shown in Figure 3.4. The stress on the @100mm joint shaft is given in the figure
below. Since the material of the joint shaft is CK45 steel, its yield strength is 580MPa. Since
the highest tensile value is 127MPa, the lowest safety coefficient is 4.56.

B: Static Structural

Equivalent Stres:

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1

. 127,72 Max
113,53

{ 99342

18396
I 14206

0,017096 Min

Figure 3.4 Crank slider pres mechanism — stress contour

In the crank slider mechanism, a stress equivalent to 88MPa occurs on the crankshaft under the
same loads in Figure 3.5. When compared to the maximum stress calculated in the knuckle joint
crankshaft stress distribution of 44MPa, it was observed that the stress created by the crank rod
mechanism on the crankshaft under the same load and limit conditions can be reduced by half
with the knuckle joint mechanism.
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a) b)
Figure 3.5 a) Crank Slider mechanism — Crank Shaft Stress Contour
b) Knuckle Joint mechanism — Crank Shaft Stress Contour

The result of 50% lower stresses on the crankshaft is an important structural advantage of using
the knuckle joint mechanism compared to the use of the crank slider mechanism.
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4. CONCLUSION

The expanded metal press discussed in this study is a mechanical press that produces 200 tons
of force by means of an electric motor drive and flywheel. In addition, in the study, by
considering the load conditions to which the expanded metal press is subjected, structural
analysis of the body and mechanical components were made using Ansys finite element
software and material thicknesses were checked. The material properties of the components
have been defined according to the studies in the literature, and the stress and strain contour
plots have been obtained. The boundary conditions are determined in accordance with the
operating conditions of the machine. The stresses occurring during the operation of the machine
with the crank slider mechanism and the optimized knuckle joint mechanism were calculated
and compared. By examining the stress distribution and deformation distribution on the body
and mechanism components of the static loads that occur during operation, it was determined
that the knuckle joint mechanism allows lower stresses on the crankshaft under the same
conditions. As a result of comparison, the links of the knuckle joint mechanism, which enables
the press to work more efficiently, have been examined, and there is no obstacle to its use
instead of the crank slider mechanism for smiliar applications.
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ABSTRACT

In the present study, novel B, Cu, Zn-containing tricalcium phosphates were synthesized by
sol-gel method using calcium nitrate, ammonium phosphate, metal acetates (Cu and Zn) and
novel synthesized polymer as B source for production of tricalcium phosphates. The
synthesized tricalcium phosphates was characterized using Fourier transform infrared
spectroscopy (FT-IR) to prove existence of functional groups, scanning electron microscope
(SEM) to show surface morphologies, X-ray diffraction (XRD) to prove their formation, and
calculate crystalline size of the synthesized samples. Also, the novel monomer and polymer
containing boron were characterized by FT-IR, *H-NMR spectral and GPC chromatographic
studies.

Key Word: Tricalcium phosphates, Surface morphology, Boron

1.Introduction

In recent years, many scientific studies have focused on the preparation of synthetic calcium
phosphates, which is quite similar to bone apatite. Calcium phosphates are very required compounds
in many interdisciplinary fields of science such as geology, chemistry, biology, and medicine [1]. In
biological systems, calcium phosphates are the main inorganic component of bones, teeth, fish
enameloid, deer horns, and some shell species [2]. All hard tissues of the human body, except for small
portions of the inner ear, consist of calcium phosphates [3]. Structurally, the major calcium phosphate
component of bone tissue is not a homogenous material and bone occurs mainly in the form of
carbonate substituted apatite and poorly crystallized non-stoichiometric other elements (i.e. F, Na, Mg
or Sr) in the form of trace elements [3-8].

The mechanical properties of calcium phosphates are generally insufficient. Therefore, ions such as
Zn*?, Sr*2, Si** and Mg*? are added to the crystal structure of calcium phosphates to produce calcium
phosphates with enhanced biophysical and chemical properties [9-12]. Hydroxyapatite (HA), B-
Tricalcium phosphate (B-TCP), and biphasic calcium phosphates (BCP, mixtures of HA and -TCP in
various rates) are the most widely used calcium phosphate compounds [13]. HA is the main component
of hard tissues and its synthetic forms are widely used in a wide range of bio-applications [14]. But,
the poor biodegradability of HA in the human body limits some of these applications. It has been
determined that B-TCP exhibits better biodegradability when compared to HA, therefore, it can be
absorbed better and replaced by newly generated hard tissues [15, 16]. However, the chemical
similarity of B-TCP to the mineral component of bone has enabled it to be used as a filling material in
various surgical fields such as orthopedic and dental surgeries [17, 18].

The aim of the present study was to synthesize and characterize -TCP-metal biocomposite powders
by sol-gel method, using calcium nitrate tetrahydrate, phosphorus pentoxide, potassium dihydrogen
phosphate, sodium bicarbonate as precursors of B-TCP, and Copper(Il) acetate and Zn(ll) acetate
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reinforcement elements. In addition, a new polymer with B metal in its structure was synthesized and
used in B-TCP-methal synthesis.

2. Materials and Methods

2.1. Chemicals, Reagents, and Analysis

The reagents and solvents used in monomer and polymer schiff base synthesis were 2-formylfuran-5-
boronic acid (CsHsBOas, Merch), 6-amino-m-cresol (H2NCgH3(CH3)OH, Merch), potassium
hydroxide (KOH, Merch), hydrochloric acid (HCI, Merch), ethanol (CoHsOH, Merch), and
Tetrahydrofuran (THF, Merch). The reagents used in preparing the biocomposites of calcium
phosphate-metal (B, Cu, Zn) were calcium nitrate (Ca(NO3)2.4H-0), phosphorus pentoxide (P4O1o,
Sigma-Aldrich), potassium dihydrogen phosphate (KH2PO4, Merch), sodium bicarbonate (NaHCOs,
Sigma-Aldrich), Copper(ll)acetate (Cu(CO.CHas)z, Merch), and Zinc(ll)acetate (Zn(CO2CHza)z,
Merch). The FT-IR data of all synthesized compounds were obtained by using Perkin EImer-Spectrum
100 FTIR instrument. *H-NMR spectra of monomer and polymer were recorded on an Agilent 400
MHz WB (Widebore) NMR instrument. The molecular weight of the synthesized polymer was
analyzed using Malvern - VISCOTEK 270 max GPC/SEC System. Powder X-ray diffraction
experiments were carried out using Rigaku SmartLab X-ray diffractometer with Cu Ko radiation (A =
0.154 nm) in the 20 range of 0-100°. Morphological studies of the synthesized compounds were
performed using a JEOL SEM 5300 scanning electron microscope.

2.2. Experiments

2.2.1. Synthesis of monomer schiff base

B-containing schiff base was synthesized according to the following procedure: 2-Amino-p-
cresol in ethanol (1.10° mol, 2 mL) was slowly added to a solution of 3-formyl furan boronic
acid (1.10° mol) in ethanol/THF solvent mixture (5mL/2 mL) (Figure 1). The stirred reaction
mixture was refluxed for 5 h. After cooling, a precipitate was formed which was collected by
filtration, washed with cold ethanol and diethyl ether, and dried under vacuum oven.
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Figure 1. Synthesis of monomer schiff base (Sc).

2.2.2. Synthesis of polymer schiff base

The polymer was synthesized based on the following procedure using the novel synthesized
schiff base. After dissolving 1.10° mol of schiff base monomer in solution of KOH (1.10 mol
of KOH + 10 mL H20), it was placed in a three-necked flask (Figure 2). The mixture was heated
at 80 °C for 30 minutes under reflux. Then, 1 mL NaOCl was added dropwise into the reaction
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flask. After this procedure, the reaction mixture was stirred at 120 °C for 7 hours. At the end of
the period, the mixture was cooled and HCI (35%, 0.5 ml) was added into the mixture to stop
polymerization. The resulting polymer was filtered and washed several times with water to
remove the salt from the medium and finally it was dried under vacuum over.

HO._

Figure 2. Synthesis of polymer schiff base (PSc).

2.2.3. Preparation of novel tricalcium phosphates by sol-gel method

First, 45.10 mol Ca(NO3)2.4H20, 2.102 mol KH,PO;4 and 2.102 mol NaHCO; were weighed
in a flask and 10 mL ethanol was added into the mixture. It was stirred for 10 minutes until a
completely clear solution formed. In another beaker, 5.102 mol polymer, 2.102 mol Cu
(CH3COy); for TCP/B-Cu, and Zn(CH3CO>), for TCP/B-Zn were weighed and mixed with 20
mL of ethanol. Then, the solution in the beaker was added into the solution in the flask. While
mixing the new solution, 5 mL of water soluble P4O1o (1.102 mol) solution was added. While
the mixture was mixed using a magnetic stirrer at room temperature, the pH of the mixture was
kept between 6-7 using liquid ammonia until gelling was observed. The mixture containing all
components was continued to be stirred at room temperature for 1 hour and then at 50 °C for 1
hour. The resulting gel was left to age at room temperature for 24 hours. At the end of the
period, the gel was kept in the oven at 105 °C for 12 hours to dry. The dried mixture was
calcined at 1100 °C for 3 hours.

3. Results and discussion

3.1. Characterization of monomer and polymer

Figure 3 shows the FT-IR spectra of the synthesized monomer and polymer schiff base. The
stretching vibration peak formed by OH groups of boric acid occurred at 3196 cm™ while
phenolic OH vibration appeared at 3329 cm™. The weak peaks in the range of 2968-2921 cm™
suggested the C—H stretching vibrations of aromatic rings of the synthesized monomer. In the
spectrum of monomer, a sharp band at 1618 cm™* corresponded to a C=N stretching vibration
and the band at 1552 cm™* was caused by stretching vibrations of aromatic C=C.
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Figure 3. FT-IR spectrum of Sc and PSc.

The C-O stretching and O—H bending vibrations were found to be around 1209 cm™* and 1381
cm?, respectively. Significant differences were seen in the spectrum of the polymer. The first
noticeable matter in the spectrum is the decrease in the number of peaks and the broadening of
the peaks. This situation supports formation of polymer. The increase in the number of groups
in the polymer structure caused the peaks to overlap. In the spectrum of polymer, broad peak
seen at 3399 cm™ belonged to OH stretching vibration peaks of both phenol and boric acid.
The bands associated with stretching vibrations of the aromatic C—H bond occurred at 2953
cm™® in the spectrum. Also the peaks of C=N and aromatic C=C stretching vibrations are
found around 1719 cm™, 1626 cm™ respectively. The peaks observed at 1389 and 1207 were
caused by the C-O stretching and O-H bending vibrations.

The *H-NMR spectra of the schiff base monomer(Sc) and polymer(PSc) were recorded in
DMSO-ds in Figure 4.

14.5 12.5 10.5 8.5 7.0 5.5 4.0
PSc

Figure 4. 'H-NMR spectrum of Sc and PSc.

In the spectra of Sc, the OH peak of phenol appeared in 10.64 ppm as a weak singlet. The
signals at 10.38 and 8.59 ppm were assigned to the protons of (-B(OH)2) and (-CH=N-) groups,
respectively. The peaks in the range 8.15-6.68 ppm were due to protons of phenol and furan
rings. Also, peaks at 4.04 ppm were related to —CHs group on phenol ring. OH proton peak was

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 56



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

not seen in the spectrum of the polymer. This is because the OH group contributes to the
polymer formation together with the benzene ring. The sharp peak observed at 10.30 ppm was
assigned to protons of (—-B(OH)2). Due to the increase in the number of aromatic rings as a
result of polymer formation, the peaks became overlapped and formed the hill view. The singlet
peak at 7.08 ppm and multiplet peak in the range of 7.94-6.54 ppm were assigned to imine(—
CH=N-) and aromatic protons in the PSc, respectively. The —CH3 peaks appeared at 3.84 and
3.38 ppm as a broad singlet. The data obtained as a result of GPC analysis show that the
polymer(PSc) was formed as a result of the polymerization of approximately 15 monomers.
The values obtained for PSc are Number average molar mass(Mn): 2.670, Mass average molar
mass(Mw): 3.680 and polydispersity index (PDI): 1.37.

3.2. FT-IR spectroscopy of B-Tricalcium phosphates

Fourier transform infrared spectroscopy (FT-IR) was used to chemical characterization of
synthesized inorganic compounds. Figure 5 shows the FT-IR spectra of TCP/B sample sintered
at 1100 °C. Major functional groups of compounds can be seen in the spectrum.

TCP/8
TCP/B-Cu
TCP/8-Zn

an o - e B 1am e e - () e 1 . i an
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Figure 5. FT-IR spectrum of TCP/B, TCP/B-Cu, TCP/B-Zn.

The first peak observed in the spectrum at 1984 cm™ corresponded to bending stretching of H-
O group belonging to strongly adsorbed and/or bound H2O. The first signal for formation of
TCP is in the form of a strong broad FT-IR band in the range of 800-1400 cm™ due to
asymmetric stretching vibration of PO4 group [19]. The peaks at 1033 cm™* and 1079 cm™
occurred from the stretching V3 mode of the P-O bonds, and the 979 cm™ band arose from V1
symmetric P-O stretching vibrations of the PO4® group. Asymmetric stretching band of
phosphate ion at 1118 cm™ verified the formation of TCP [20]. The presence of two peaks at
603 cm™* and 576 cm™* also confirmed the presence of TCP as main phase [21]. There was no
carbonate peak in the spectrum. This is because carbonate containing apatite was obtained at
low temperatures of the synthesis, and as the temperature approached to 1000 °C, the carbonate
turned into carbon dioxide and left the structure. Since the calcination temperature of the
compounds was 1100 °C, the carbonate in the structure turned into carbon dioxide. The peaks
observed in the range 450-350 cm™* formed as a result of stretching vibration of M-O bonds.

Figure 5 shows the FT-IR spectra of TCP/B-Cu sample. Based on the graph, it can be asserted
that there was a broad band between 700 cm™ and 1600 cm™. The peak at 968 cm™
corresponded to symmetric stretching vibration of PO4 3. Also, the peaks observed at 1123,
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1084 and 1032 cm™* occurred due to asymmetric stretching vibration of PO4 3. The peaks at
606, 587 cm ™! and 547 cm ™ indicated the bending vibration of PO 3. The large separation of
these bands reveals the presence of crystalline phase [22]. As a result of the stretching vibration
of the M-O bond, two peaks formed at 354 and 368 cm™* of the spectrum. In the TCP/B-Zn
spectrum, peaks occurred in regions similar to those of other compound spectrum. Two broad
bands were observed in the spectrum, one of them formed in the range of 389-768 cm™ and the
other band formed in the range of 720-1768 cm™. The peaks at 1120 and 1004 cm™* indicated
the asymmetric stretching vibration of PO4 while peaks at 967 and 926 cm™ showed the
symmetric stretching vibration of PO 3. However, the peaks of the bending vibration of PO,
occurred at 479, 552 and 608 cm 2. In addition, the peaks observed at 359 and 354 cm™* formed
as a result of M-O stretching vibration.

3.3. X-ray diffraction

Figure 6 shows the spectrum of X-ray diffraction of the prepared TCP powders. XRD patterns
were identified taking the Joint Committee on Powder Diffraction Standards (JCPDS) No: 09-
0169 for B-TCP, No: 09-0348 for a-TCP, and No: 01-080-2254 for BsO. 20 angle values
characteristic of B-TCP, a-TCP, and B60 were shown on XRD patterns. Ca/P ratio of as
synthesized TCP/B powder was 1.62, as determined using EDX analysis. This result indicated
that the calcination temperature caused the formation of TCP.

TcP/8 — TCP/B-Cu
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The fact that all the major peaks of the TCP were seen in the X-ray diffraction pattern proved
the presence of TCP. It was also seen in the peaks proving the presence of B¢O in the X-ray
diffraction pattern. As seen in the XRD pattern of TCP/B, main phase of the samples was [3-
TCP. X-ray diffractogram of TCP/B showed narrow peaks which appeared to be highly
crystalline in the range of 10-90 degree. The reason for peak formation in a wide area was
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polymer containing boron added during powder production. It was observed that B ion
substitution resulted in an increase in peak intensities of B-TCP and a-TCP. In XRD patterns,
the peaks observed at 20 = 14.24°,20.17°,23.37°, 33.66°, 34.67°, 39.6°, 41.7° and all the peaks
observed between 60° and 90° were characteristic peaks of BgO.

In the XRD pattern of TCP/B-Cu, 49 peaks proving that the main structure consisted of -TCP
and a-TCP formed in the range of 26=10°-74°. As seen in XRD pattern of TCP/B-Cu, when
copper was added to the tricalcium phosphate structure, the peak number of B-TCP and a-TCP
decreased, but peak intensities were not affected much. The peak having the highest intensity
and proving the presence of B-TCP occurred at 20= 33.12° as adjacent to the nearby peaks. The
sharp and strong peak observed at 35.28° position with (111) indicated that the TCP/B-Cu
contained copper as high crystalline, which was in a good agreement with JCPDS card number
45-0937. In addition, the peaks observed at 59.71°, 66.34°, and 68.15° belonged to copper.
XRD result of TCP/B-Zn showed that the crystalline structure of TCP/B-Zn was different from
both TCP/B and TCP/B-Cu. As a result of the addition of Zn into TCP/ B, a more homogeneous
crystalline was obtained. Also, the intensity of the peaks was higher than the peaks of other two
compounds. Although the peaks occurred between 10°-90° as in TCP/B, the number of peaks
was lower (60 peaks) than TCP/B. The top five peaks with the highest intensity (20 = 26.63°,
29.77°,31.78°, 37.61° and 44.24°) clearly showed the presence of B-TCP and a-TCP. Also, the
peaks of XRD pattern at 20 = 31.78°, 47.55°, 56.60°, 62.88°, 69.10°, 76.95°, 89.64° proved the
presence of Zn (JCPDS file No: 36-1451).

3.4. SEM investigations

Figure 7 shows SEM investigating the morphologies of the prepared TCP compounds under
temperature 1100 °C (TCP/B, TCP/B-Cu, TCP/B-Zn). SEM images indicated that the metal
differences in the contents of the synthesized compounds affected the morphology. The
common feature of synthesized TCP compounds was that they had pore structures of different
sizes. Although the spherical particles with stacked dispersions are seen in the SEM images of
the compounds, the TPC nanoparticles formed were agglomerated. When the pore numbers of
the compounds were compared, it was observed that the least pores were determined in TCP/B
and the most pores were determined in TCP/B-Zn. The pore sizes of nanoporous TCP/B were
micropores (1-10 pm) and submicron pores (1 wm) while TCP/B-Cu particles were macro (50
pum) and micro pores. However, TCP/B-Zn particle formed macro-, micro-, and submicron
pores in different sizes. The most obvious difference observed in the TCP/B-Cu compound was
the small-layered structures that covered the surface of the particles. Since this structure did not
form in the other two compounds, it can be asserted that the layered structure was associated
with Cu metal. The transmission electron microscopic analysis confirmed the prepared
hydroxyapatite nanoparticles with the particle size of around 60 to 70.
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Figure 7. Scanning electron microscopy image of TCP/B (a, b), TCP/B-Cu (c, d) under 15kV.

3.5. EDX analysis

Energy dispersive x-ray spectroscopy (EDX) was performed to confirm that the products
obtained from the proposed synthesis processes were TCP compounds (Figure 8-10). EDX data
proved that the main elements of the calcium phosphate-based compounds were calcium,
phosphorus, oxygen, boron, copper (for TCP/B-Cu) and zinc (for TCP/B-Zn). The results of
measurements of elemental composition showed that Ca/P ratio was 1.62 for TCP/B, 1.80 for
TCP/B-Cu, and 1.82 for TCP/B-Zn. This result was an indication that the compounds were not
composed of a single phase but had different non-stoichiometric phases in their structure.
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Figure 8. EDX spectra of TCP/B
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Figure 9. EDX spectra of TCP/B-Cu.
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Figure 10. EDX spectra of TCP/B-Zn.

4. Conclusion

In the present study, three different tricalcium phosphate compounds containing different rates
of elements (Ca, P, O, B, Cu and Zn) were synthesized using the sol-gel method. Although the
calcination temperature of all synthesized compounds was the same, the differences in the
starting compounds led the crystallinity and crystallite sizes of the compounds to differ. This
result can be clearly seen in the FT-IR, XRD, SEM and EDX data used in the structural analysis
of the compounds. In particular, the TCP/B-Zn compound was more porous than other
compounds due to the presence of zinc ions in its structure.
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BEJ MERMER PLAKALARI SELEKSiYONUNUN YUZEY DESENINE GORE
YAPILABILIiRLIiGI
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OZET

Tortul olarak olugsmus CaCOs bilesigindeki kalker tiirii mermerlerin bircogu tektonik hareketler
nedeni ile degisik yonlerde catlakli ve kirikli yap1 igerirler. Biinyelerinde serbest kuvars, silikat,
feldispat, demir oksit , mika gibi mineraller ve fosil bulundurabilirler. Bu ¢esitli 6zellikteki
mineral veya fosiller kesilerek elde edilen mermer plaka ylizeylerinde, farkli yogunlukta ve
yonlerde damarlar seklinde renk ve desen olusumuna neden olur. Belirli bir zemin alanina
uygulanan mermer plakalarinda kullanim alanina gore standart fiziksel ve mekanik 6zellikler
arandig1 gibi renk ve desen homojenligi de istenir. Bu nedenle mermer isleme prosediiriiniin
son asamasinda fiziko-mekanik 6zelliklerinden baska kenar kirigi, gézenek boslugu, boyut,
cila, renk ve desen gibi kriterlere gore de seleksiyon islemi yapilir. Bilgisayar teknolojisinin
geligsmesi ile goriintli isleme yontemi tip, biyoloji, jeoloji, mineral tayini, tane boyutu, uzay,
savunma, giivenlik, meteoroloji gibi bir ¢ok alanda yaygin olarak uygulanmaktadir. Maden
isletmeciligi alaninda patlatma sonucu olusan paraca boyut dagilimi, mermer sektoriinde
gorlintli isleme yontemi ile mermer renklerinin sayisallagtirilmasi, tanmimlanmasi ve
siniflandirilmasi, mermer kalitesinin, plaka boyutlarimin belirlenmesi ile ilgili calismalar
yapilmistir.

Bu c¢alismada renkten bagimsiz olarak benzer renkte farkli geometrik yapidaki mermer
plakalariin renkli goriintiileri imageJ programina yiiklenerek incelendi. Goriintiiler islenerek
siyah-beyaz ikili yap1 olusturuldu. Elde edilen bu ikili yapilardan mermer plakalarinin desen
yapisina gore seleksiyonun yapilabilirligi arastirildi. Incelenen benzer renkli, cilali, farkli
desene sahip mermer Orneklerinin ylizey desen seklinin belirlenmesi ve buna gore
siiflandirilmasi i¢in plaka yiizey boyutu, ylizeydeki damarli yapinin olusturdugu desenin alani,
% alani, desen seklini olusturan partikiillere uydurulan elips biiyiik-kii¢iik eksen boyutlar1, orani
ve bliyiik eksenin yatay ile yaptigi ag1, dairesellik ve degisim katsayilar1 hesaplandi. Elde edilen
analiz sonuglari ile homojen desen siniflarinin olusturulabilecegi degerlendirildi.

Anahtar kelimeler: Mermer seleksiyonu, desen homojenligi, dairesellik katsayisi.

1. GIRiS

Mermer ocaginda blok olarak iiretilen, fabrikada plaka ve fayans boyutunda kesilen, parlatilan
mermerler dogal jeolojik kosullar sonucu olusuklarindan, plaka yiizeyleri birbirinden farkli
renk ve desen yapis1 gosterebilmektedir. Mermerde goriilen renklerin kaynag: farkli kimyasal
bilesimdeki minerallerin farkli renk 6zelligi gostermeleridir. Bu nedenle ylizey renk dagilimi
farkli olmaktadir [1,2]. Ylizeydeki renk yogunlugunun farkliligi, yiizeyde olusan fiziksel
yapinin farkli olmast sonucunu vermektedir [3].
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Mermer plaka veya fayanslarinin renk dagilim1 homojen veya heterojen 6zellik gosterebilmekte
ve mermerin albenisini etkilemektedir. Ozellikle kurum, ofis veya is merkezleri gibi alanlarda
mermer plakalarinin doseme veya kaplama amaciyla uygulanmasi durumunda albenisi, desen
homojenligi estetik goriiniim agisindan daha ¢ok onem arz etmektedir. Satisa sunulan mermer
plaka veya fayanslarin homojen renk ve desenden olusmasi pazarlama agisindan 6nemlidir. Bu
gibi nedenlerle mermer fabrikasinda levha veya fayans hattina verilecek mermer blogu, albenisi
olan desenli plaka elde edebilecek sekilde kesime verilir. Mermer kesme, cilalama ve
boyutlandirma islemlerinden sonra standart renk ve desende iiriin elde etmek i¢in paketlemeden
once seleksiyon islemi gerceklestirilir [4]. Seleksiyon birbirine benzer standart renk ve desene
sahip plakalarin gruplandirilmasidir. Kalite kontrol masasinda mermer plakalarindaki boyut,
bosluk, cila gibi hatalar gézle yapilabilir [4]. Mermer plaka boyutlarinin belirlenmesi, renklerin
sayisallastirilmasi ile elde edilen verilere gore kalite kontrol ve siniflandirma konularinda
verimliligi attirmak icin bilimsel ¢alismalar yapilmistir. [5,6,7].

Bu calismada, rozalya olarak isimlendirilen mermer plaka ornekleri incelenmistir. Ornek
goriintiilerinin siyah-beyaz desen farliligina gore gruplandirila bilirligi arastirnlmistir. Bu
amagla ImageJ goriintii isleme programi kullanilmistir. Program ile mermer plaka yiizeyindeki
desenin sekli, yogunlugu, yiizeyde kapladigi alan belirlenmeye calisilmistir. Bu sekil
parametreleri ile ylizeydeki desen farkliligi ortaya ¢ikarilarak mermer plakalarinin siniflandirila
bilirligi arastirilmistir.

Imagel programinda yiizey seklinin tanimlamasi (Shape Descriptors ); dairesellik (circularity),
en boy oran1 AR (aspect ratio) gibi katsayilar ile yapilabilmektedir. Mermer yiizeyindeki deseni
olusturan alan (area) ve % alan hesaplanarak bu degerlerin desene gore siniflandirmada
kullanilabilecegi degerlendirilmistir [8].

Dairesellik (Circularity) :
Dairesellik= 4x * [alan / (¢evre)?] 1)

esitligi ile hesaplanir. Deseni olusturan alanin seklini gdsterir. Katsay1 1.0 degerine yaklastik¢a
sekil ytizeyde her yonde dagilirken 0.0 degerine yaklastiginda bir yonde uzayarak devam eden
bir sekil oldugunu gdosterir [8].

Alan (Area): Desenin mermer plaka yiizeyindeki piksel? cinsinden toplam alanidir. Alan, yiizey
seklini tanimlayan en 6nemli bi¢cim parametrelerinden biridir [9].

%Alan: Desen toplam alaninin toplam yiizey alanina oranidir.

Desen toplam alani

%Alan = * 100 (2

Toplam ytlizey alani
esitligi ile hesaplanir.
Cevre (Perimeter) — Mermer plaka ylizeyinin dis kenar toplam uzunlugudur.

En boy oran1 AR (aspect ratio): Deseni olusturan pargaciklarin uydurulmus elipsinin en boy
oranidir.

Elips buyiik ekseni
AR = 14 y

(3)

- Elips kiiglik ekseni

Esitligi ile hesaplanir. Eksen uzunluklari, orani ve agisi yiizey seklini olusturan desenli yapinin
mermer plakasi ylizeyindeki yatayla saat ters yoniindeki acisina gére uzanimini, yada homojen
dagilip dagilmadigim gostermektedir. AR 1°e esit veya 1’den biiyiik degerler alir. AR 1°e
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yaklagtikga deseni olusturan pargaciklarin her yonde dagilim gosterdigin, AR>1 yoOniinde
degerler aldikg¢a desenin belirli bir yonde uzayarak devam ettigini ifade etmektedir.

2. Yontem

Bilecik, Rozalya mermeri olarak adlandirilan plakalardan ytizey deseni bakimindan aralarinda
farkliliklar bulunan mermer 6rneklerinin goriintiileri dijital fotograf makinesi ile ¢ekilmistir.
150 piksel/cm 6lgegindeki 62 adet renkli goriintii ImageJ programina ayr1 ayri yiiklenmistir
(Gorsel 1). Orneklerin mermer plakast yiizeyi desen analizi yapilabilmesi igin renk derinligi
8 bit gri ton tipine doniistiiriilmiistiir. Mermer yiizey goriintiisiindeki renk ve ton farki minimum
seviyeye indirgenerek ikili goriintii elde edilmistir. Bu islem ile mermer yiizeyindeki desen
olusumu beyaz ve siyah olarak daha belirgin bir sekilde iki farkli renk olarak elde edilmistir
(Gorsel 2).

i DA I g BT — ek ——
NASN cown FIU TS

180 vk

Gorsel 5 Image] programina yiiklenen mermer plaka 6rneginin dlgekli goriiniimii
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) G b P < & =i I‘ : ‘ - ”» o RS
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¢ - 3T , d --""f y /‘
. 4 - - -~ “" L
[ TH 5883 DSC L1 o5 811e [Ty [T 0sC_pazs

Gorsel 6 Mermer plaka 6rneklerinin desen sinirlari belirlenmis binary goriintiisii

Gorsel’de verilen mermer Orneklerinin  desen homojenligini saglayacak sekilde
gruplandirilmasi amaci ile imageJ programinda asagidaki islemler gerceklestirilmistir.
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a)Renkli gorilintli programa ytiklenir.
b) Programa yiiklenen renkli goriintiiden 8 bit gri bigimi olusturulur.
¢)Bu gri seklindeki goriintiiden siyah-beyaz binary format sekli elde edilir.

Programda hesaplama ile ilgili parametreler Analyze / Set Measurements komutu ile agilan
pencereden belirlenmektedir. Yiizey deseni analizi yapabilmek i¢in, olusturan siyah goriintiilii
kisimlarin alani, dairesellik katsayisi, mermer plaka boyutu, desen i¢in uydurulan elipsin eksen
uzunluklari, biiyiik eksenin yatay eksenle yaptigi aci, eksen oranlart hesaplanir. Dairesellik
katsayis1 desen seklinin yiizeydeki yogunlugunu ve dagilimini ifade eder. Goriintii yiizeyindeki
beyaz alan goriintiiniin alt yapis1 varsayilmaktadir.

Siyah-beyaz gorintiilerin esik degeri 255 renk kotudur. Hesaplamalar piksel birimi ile
yapilmustir. Olgek ve partikiil analiz ayarlarinda, bilinen mesafe 0 degeri i¢in piksel mesafesi 0
, partikiil analizinde boyut 0O-sonsuz araligi, dairesellik 0-1 araligr alinmistir. Hesaplanan
partikiillere uyan elips parametreleri, elips kutucugu segenegi secilerek belirlenmistir.

Bir 6rnegin hesaplamasina ait program ¢ikt1 goriintiisii gorsel 3’ te verilmistir.

¢ Results - L= E )
File Edit Font Results
|Label |area |BX [BY |width |Height |Major  |Minor  |Angle [Circ. |%Area |AR |+

1 DSC_8024 JPG 396457 O 0 2992 2000 894983 564016 13.295 0050 6625 1.587
ol
< | | »

Gorsel 7 Ornek bir mermer plaka yiizeyi desen analiz sonuglar1 program ¢ikt1 goriintiisii

3. Bulgular

Incelenen Rozalya mermer drneklerinin yiizey desen analizi igin alan, drneklerin yiizey boyutu,
deseni olusturan partikiillerin uydurulmus elips major-mindr eksen uzunluk degerleri, major
eksenin x yatay ekseni ile saat ters yoniinde yaptig1 aci, dairesellik, % alan, ve major/mindr
eksen orani hesaplanmistir. Analiz sonuglar1 Cizelge 1°de verilmistir.

Siif sayist ve araliklari, sinifin homojenlik derecesini veren degisim katsayisina gore
belirlenmistir. Degisim katsayis1 (D K ) sinifin homojenligini gdsteren istatistiksel bir
yaklagimdir.

DK = [Standart Sapma] «100 (4)

Ortalama
esitligi ile % olarak hesaplanir [10].

Degisim katsayis1 0 ise 6rnek desen yapilar1 arasinda tam iyi bir homojenlik, benzerlik ve
sifirdan biiyiik deger ile uzaklastikga mermer yiizey desenleri arasindaki benzerligin azaldigi,
heterojen 6zellik gosterdigi seklinde ifade edilebilir.

Cizelge 1’deki 6rneklerin tiimii (62 adet 6rnek) bir sinif olarak alinarak hesaplanan dairesellik
ve % alan degerleri i¢in maksimum, minimum, ortalama, standart sapma ve degisim katsayisi
degerleri Cizelge 2’de verilmistir.

Cizelge 3 Mermer orneklerinin ylizey 6l¢lim analiz sonuglari
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Ornek

Alan
(piksel)?

Genislik
(piksel)

Yikseklik
(piksel)

Biiyiik Eksen
(piksel)

Kiigilik Eksen
(piksel)

Ac1
(derece)

Dairesellik

%Alan

Eksen En
Boy Orant

DSC_8024

396457

N
©
©
N

894.983

564.016

13.295

0.050

6.625

DSC_8025

683311

2992

1037.097

838.898

18.783

0.086

11.419

DSC_8029

380458

2992

821.177

589.902

5.140

0.048

6.358

DSC_8030

604450

2992

1041.039

739.271

28.553

0.076

10.101

DSC_8037

605695

2992

1122.965

686.749

167.982

0.076

10.122

DSC_8038

714410

2992

1252.071

726.488

171.087

0.090

11.939

DSC_8043

133549

2992

535.709

317.411

28.083

0.017

2.232

DSC_8044

701039

2992

1127.302

791.794

2.348

0.088

11.715

DSC_8045

386879

2992

809.053

608.847

165.224

0.049

6.465

DSC_8046

352498

2992

1024.373

438.136

14.287

0.044

5.891

DSC_8047

599556

2992

1083.594

704.487

13.521

0.076

10.019

DSC 8048

573462

2992

1053.981

692.759

21.629

0.072

9.583

DSC_8050

570273

2992

1313.620

552.743

26.822

0.072

9.530

DSC_8051

383318

2992

773.218

631.200

143.994

0.048

6.406

DSC_8052

627973

2992

1164.379

686.684

14.195

0.079

10.494

DSC_8053

488574

2992

956.984

650.034

177.344

0.062

8.165

DSC 8054

973406

2992

1270.178

975.752

47.676

0.123

16.267

DSC_8055

820785

2992

1178.607

886.688

177.949

0.103

13.716

DSC_8056

1078696

2992

1460.255

940.547

0.925

0.136

18.026

DSC_8057

2132591

2992

2129.247

1275.239

6.400

0.269

35.638

DSC_8058

600437

2992

1117.553

684.084

147.285

0.076

10.034

DSC_8059

218959

2992

607.732

458.734

179.659

0.028

3.659

DSC_8061

439598

2992

906.515

617.434

132.759

0.055

7.346

DSC_8063

805640

2992

1367.252

750.244

166.505

0.102

13.463

DSC_8066

487291

2992

1079.974

574.494

164.445

0.061

8.143

DSC_8067

522308

2992

1039.305

639.873

13.434

0.066

8.728

DSC_8068

309044

2992

1042.536

377.433

148.227

0.039

5.165

DSC_8069

317172

2992

1063.665

379.665

169.650

0.040

5.300

DSC_8070

487556

2992

922.963

672.590

175.602

0.061

8.148

DSC_8071

225608

2992

626.966

458.163

154.342

0.028

3.770

DSC_8072

914850

2992

1420.978

819.734

6.946

0.115

15.288

DSC_8073

686475

2992

1474.334

592.842

168.402

0.087

11.472

DSC_8074

763257

2992

1184.707

820.295

1.704

0.096

12.755

DSC_8075

378911

2992

1103.614

437.150

168.188

0.048

6.332

DSC_8076

707319

2992

1214.493

741.533

1.317

0.089

11.820

DSC_8077

807338

2992

1226.447

838.140

164.600

0.102

13.492

DSC_8078

392237

2992

907.335

550.416

174.468

0.049

6.555

DSC_8079

253152

2992

1274.736

252.855

161.849

0.032

4.230

DSC_8080

246842

2992

703.742

446.597

29.001

0.031

4.125

DSC_8082

432025

2992

1120.995

490.699

52.610

0.054

7.220

DSC_8091

214446

2992

736.225

370.867

171.362

0.027

3.584
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DSC_8094 | 227335 |2992 | 2000 | 758.035| 381.845| 45.547(0.029| 3.799 |1.985
DSC_8097 | 359535 | 2992|2000 | 771.166| 593.613| 6.482(0.045| 6.008 |1.299
DSC_8098 | 365666 | 2992 | 2000 | 845.534| 550.635 [171.006|0.046 | 6.111|1.536
DSC_8099 | 462848 | 2992 | 2000 [ 1049.791| 561.366 | 142.328 | 0.058 | 7.735|1.870
DSC_8100 | 451134 | 2992 | 2000 [1045.503 | 549.402| 5.796|0.057 | 7.539 |1.903
DSC_8101 | 484618 | 2992|2000 | 966.019| 638.740| 4.991(0.061| 8.099 |1.512
DSC_8103 | 513234 | 2992|2000 | 952.710| 685.906 |168.580|0.065| 8.577 |1.389
DSC_8104 | 399920 | 2992|2000 | 884.953| 575.391(177.249|0.050 | 6.683 |1.538
DSC_8105 | 515412 | 2992 | 2000 [ 1123.775| 583.963 | 158.252 | 0.065| 8.613 |1.924
DSC_8106 | 412154 | 2992 | 2000 [ 1022.435 | 513.256 [ 161.069 |0.052 | 6.888 |1.992
DSC_8108 | 584207 | 2992 | 2000 [ 1170.005 | 635.754 [172.329|0.074| 9.763 |1.840
DSC_8109 | 854744 |2992|2000 | 1363.821 | 797.974| 7.777|0.108|14.284 |1.709
DSC_8110 | 575404 | 2992 | 2000 [1182.927 | 619.334| 2.673|0.073| 9.616|1.910
DSC_8111| 289717 | 2992|2000 | 944.099| 390.721| 1.784|0.037| 4.842|2.416
DSC_8112 | 968637 | 2992 | 2000 | 1493.657 | 825.696 | 158.530|0.122 | 16.187 | 1.809
DSC_8113 | 676914 | 2992 | 2000 | 1448.939 | 594.831| 22.780(0.085 |11.312 |2.436
DSC_8114 | 566670 |2992 (2000 | 1622.780 | 444.611| 21.002 [0.071| 9.470|3.650
DSC_8116 | 430961 | 2992 | 2000 | 932.372| 588.517 | 11.993|0.054| 7.202|1.584
DSC_8117 | 529338 | 2992 | 2000 [ 1231.994 | 547.060| 27.110|0.067 | 8.846 |2.252
DSC_8118 | 655921 | 2992 | 2000 | 1473.033 | 566.956 | 12.789|0.083 | 10.961 |2.598
DSC_8119 | 762188 | 2992 | 2000 | 1048.844 | 925.255 | 153.235 | 0.096 | 12.737 | 1.134

Cizelge 4 Tiim orneklerin yiizey analiz parametrelerinin istatistiksel sonuclari

Parametre | Maksimum | Minimum | Ortalama | Std. Sap. | D.K.(%)
Dairesellik 0.269 0.017 0.070 0.036| 51.940
% Alan 35.638 2.232 9.300 4.826| 51.886
AR 5.041 1.134 1.832 0.621| 33.891

Cizelge 2 incelendiginde 62 adet 6rnek desenlerinin Gorse 1’de de goriildigi gibi degisim
katsayisina gore % 52 oraninda birbirinden farklilik gosterdigi belirlenmistir. Bu 6rneklerde
daha yiiksek oranda homojen desenlerden olusan mermer siniflar1 olusturulabilir.

Mermer Orneklerinden dairesellik ve % alan katsayisina gore 3 sinif olusturulmustur. Sinif
araliklari, siniflarin daha yiiksek oranda desen homojenligini saglayacak sekilde kiigiikten
biiylige dogru olusturulmustur.

Dairesellik ve % alan sinif araliklar1 asagida verilmistir.

1. simfaraligi | 0.01 <= dairesellik <0.050 2.00 <=% Alan < 6.60
2. smifaralign | 0.05 <= dairesellik <0.010 6.60 <=% Alan < 13.00
3. simifarahigr | 0.10 <=dairesellik 13.00 <=% Alan

Siniflarda olusan 6rnek numaralar1 Cizelge 3 te verilmistir. 1. sif araliginda 18, 2. siif
araliginda 35, 3. Smif araliginda 9 adet 6rnek olusmustur. Siniflardaki 6rneklerin toplam 62
ornek icindeki yiizdelik oranlari, 1l.smmifta %29.03’lnd, 2.smifta %56.45’ini, 3. sinifta
%14.52’sini teskil etmektedir. Belirlenen simif aralilarindaki plaka sayis1 ve yiizdesi desen
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dagilimina gore farklilik gosterir. Ornekler mermer ocagini temsil edecek sekilde oldugunda bu
oranlar mermer ocagmin benzer renkteki genel desen dagilimi konusunda {ireticiye fikir
verebilir. Dairesellik ve % alan katsayilarina gore yapilacak grup araligi talep dogrultusunda,
istenilen homojenlik derecesine gore liretici tarafindan degistirilebilir.

Cizelge 5 Mermer o6rneklerinin siniflara gére numaralari

Siniflar Ornek No

DSC_8029, DSC_8043, DSC_8045, DSC_8046, DSC_8051, DSC_8059,
L.simf | DSC_8068, DSC_8069, DSC_8071, DSC_8075, DSC_8078, DSC_8079,
DSC_8080, DSC_8091, DSC_8094, DSC_8097, DSC_8098, DSC_8111
DSC_8024, DSC_8025, DSC_8030, DSC_8037, DSC_8038, DSC_8044,
DSC_8047, DSC_8048, DSC_8050, DSC_8052, DSC_8053, DSC_8058,
DSC_8061, DSC_8066, DSC_8067, DSC_8070, DSC_8073, DSC_8074,
DSC_8076, DSC_8082, DSC_8099, DSC_8100, DSC_8101, DSC_8103,
DSC_8104, DSC_8105, DSC_8106, DSC_8108, DSC_8110, DSC_8113,
DSC 8114, DSC 8116, DSC 8117, DSC 8118, DSC 8119

DSC_8054, DSC_8055, DSC_8056, DSC_8057, DSC_8063, DSC_8072,
DSC 8077, DSC 8109, DSC 8112

2.smf

3.smif

Siniflardaki 6rneklere ait desen homojenligi ile ilgili istatistiksel veri sonuglar1 Cizelge 4’te
sunulmustur.  Cizelgede siniflarin dairesellik parametresi icin degisim katsayist sira ile
%24.967, %18.7, %38.106 ‘dir. Tiim Orneklerin desen homojenligi %49 oraninda iken
dairesellik katsayisina gore siniflandirildiginda 1.sinif 6rnekleri %75, 2.sinif 6rnekleri %81.3,
3.smif 6rnekleri %61.89 oraninda desen homojenligine yiikselmistir.

Cizelge 6. Siniflarin dairesellik, % alan ve AR parametrelerinin istatistiksel sonuglari

Siniflar | Parametre | Maksimum | Minimum | Ortalama | Std. Sap. | D.K. (%)
: Dairesellik 0.049 0.017 0.038 0.010 24.967
% Alan 6.555 2.232 5.046 1.271 25.191
) Dairesellik 0.096 0.050 0.071 0.013 18.700
% Alan 12.755 6.625 9.412 1.753 18.628
3 Dairesellik 0.269 0.102 0.131 0.050 38.106
% Alan 35.638 13.463 17.373 6.619 38.097

Yiizde alan parametresine gore yapilan simiflandirmaya gore simif Orneklerinin desen
homojenligi, dairesellik katsayisina gore yapilan simiflandirmadaki desen homojenligi ile
paralellik gostermektedir. Siniflara ait desen goriintiileri Gorsel 3’de sunulmustur. Bu
sonuglara gore benzer renk, fakat farkli desenli mermer plakalarinin desen homojenligi i¢in
siniflandirma isleminin dairesellik veya % alan parametresi ile yapilabilecegi sonucu elde
edilmistir.

Mermer plakalarindaki desen seklini olusturan partikiillere fit edilen elipsin biiytik-kiiciik eksen
oranl (AR) 1’den biiylik degerler aldiginda deseni olusturan seklin daha ¢ok biiyiik eksen
yoniinde uzaniminin devam ettigini ifade eder. Biiyiik eksenin yatayla saat tersi yoniindeki agisi
da seklin uzaniminin yoniinii gosterir. AR, 1 sayisina yaklastik¢a sekli olusturan partikiillerin
ylizeyin degisik yonlerinde dagildig: seklinde yorumlanabilir.

Mermer plaka 6rneklerinin minimum ve maksimum AR kat sayis1 Cizelge 2’de verilmistir. Bu
cizelgedeki AR en kiigiik katsay1 1.134, DSC 8119 numarali 6rnekte elde edilmistir. AR en
bliyiik katsay15.041 ise DSC_8079 numarali 6rnekte goriilmektedir. Bu 6rneklere ait goriintiiler
asagida verilmistir.
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Dairesellik katsayisina gore olusturulan bir grupta deseni olusturan partikiiller yiizeyin belirli
bir yoniinde uzanim gdsterebildigi gibi, ylizeyin her yoniine de dagilabilir. Ar katsayist ayni
sinif orneklerinde 1’e yakin veya 1’den uzak degerler alabilir. Mermer ylizey deseninin AR
katsayisina gore siniflandirildiginda homojen desenli siniflarin  olusturulmasi miimkiin
goriilmemektedir.
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Gorsel 8 Dairesellik katsayisina gore olusan sinif 6rnekleri
4. SONUCLAR VE DEGERLENDIRME

Bu calismada benzer renkli, farkli desendeki mermer plakalarinin desen homojenligini
saglayacak sekilde siniflandirila bilirligi arastirilmistir. Damarli yap1 gosteren rozalya mermer
ornek plakalarinin dairesellik ve % alan katsayilar1 ile deseni olusturan partikiillerin ytlizeydeki
yogunlugu hesaplanmistir. Bu katsayilar ile olusturulan siniflarin homojenlik derecesi degisim
katsayisi ile belirlenmistir. Olusturulan siniflarin desen homojenlik derecelerinin olumlu
sonuglar verdigi saptanmustir.

Yiizey desenini olusturan partikiillere uydurulan elipsin biiytlik ve kii¢iik eksen oran1 (AR) ve
acisina gore, partikiillerin ylizey iizerinde belli bir yonde veya yiizeyin her tarafina dagilip
dagilmadigin1 gdsteren bir katsay1 olarak degerlendirilebilecegi sonucuna varilmistir. Damar
seklindeki desenli mermer plakalarindan AR katsayisina gore homojen desenli siniflar elde
edilememistir.

Bir mermer sahasinda aramadan iiretim safthasina kadarki asamalarda alinan 6rnekler iizerinde
yapilan fiziko-mekanik, kimyasal, kesile bilirlik, cila alma gibi deneylerle birlikte ocaktan elde
edilecek plakalarin desen yapisina goére homojen simiflandirmanin hangi oranlarda
yapilabilecegi ile ilgili konularinda {ireticiye yol gosterici olabilir.
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OZET

Krom esasli kaplamalar, esas olarak yiiksek aginma direnci, korozyon dayanimi ve oksidasyon
direnci ve saglamis oldugu yiiksek sertlik dayanimlar1 nedeniyle tekstil makine parcalari, takim
uclari, kaymali yatak uygulamalar gibi genis bir kullanim alanlarina sahiptir. Bu tiir kaplamalar
endiistriyel olarak kimyasal buhar biriktirme (CVD), fiziksel buhar biriktirme (PVD), vb. gibi
yontemlerle {iiretilmektedir. Celik malzemelerin yiizey oOzelliklerini gelistirmek amaciyla
kullanilan yontemlerden birisi de termo reaktif difiizyon (TRD) yontemidir. Bu yontemde elde
edilen karbiir, nitriir ve boriir esashi kaplama tabakalar1 yiiksek sertlik degerlerine sahip ve
oldukca yiiksek yogunluklu olup altlik malzemeye metalurjik olarak siki sikiya baglidir. Termo
reaktif difiizyon yontemi, yliksek sicaklikta, etrafin1 kusatan ortamdan belirli bir veya birkag
elementin  diflizyonu ile malzemenin yiizey bilesiminin degistirilmesi seklinde
tanimlanmaktadir [1].

Bu ¢aligmada, termo reaktif difiizyon yontemi kullanilarak AISI D2 soguk is takim ¢eliginden
imal edilmis numuneler iizerinde CrC (Krom karbiir) tabakas1 olusturulmaya calisilmistir. Bu
amagla, Oncelikle metalografik olarak yiizeyleri kaplamaya hazir hale getirilmis celik
numuneler termo reaktif difiizyon yontem ile kaplama islemleri 1000°C sicaklikta 2 saat
sireyle, ferro krom, aliimina ve amonyum kloriirden olusan bir kati ortamda
gerceklestirilmistir. Termo reaktif diflizyon yontemi ile kaplanmis celigin kaplama
verimliliklerinin ortaya c¢ikarilmast adina karakterizasyon islemleri yapilmistir. Yiizey
morfolojisi ve faz analizi, optik mikroskop, taramali elektron mikroskobu (SEM) ve x-1s1nlar1
difraksiyon analizi (XRD) yardimiyla yapilmistir. Kaplama tabakasmin sertligi Vickers
indentasyon teknigi ile belirlenmistir. Yapilan analiz ve dl¢limler sonucunda AISI D2 ¢elik
yiizeyinde elde edilen krom karbiir esasl kaplama tabakasinin sertlik degeri oldukga yliksek
olup, kaplama tabakasinin da homojen, kompakt bir bicimde olustugu ve krom karbiir
fazlarindan olustugu tespit edilmistir [2].

Anahtar Kelimeler: Krom karbiir, Termo Reaktif Diflizyon, Sertlik, Karbiirleme, AISI D2

1. GIRIS
Asmmma ve korozyondan kaynaklanan hasarlar ile beraber g¢elik malzemelerde kalic1 veya
performans diisiiriicii olumsuzluklar meydana gelmektedir [3]. Ortaya ¢ikan bu olumsuzluklar

ile beraber zaten kisitli olan hammadde stogu ile beraber, aksayan parcalar ile beraber sistemin
bozulmasi, zaman ve nakit kayiplar yasanmaktadir [4]. Biitiin bu olumsuzlari ortadan
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kaldirmak veya bozulma siirelerini uzatmak adina termo reaktif difiizyon yontemi en 6nemli
yontemlerden birisidir [5]. Termo reaktif difiizyon yonteminde yiiksek sicakligin etkisiyle
kaplama banyosu i¢erisinde bulunan elementler malzeme yiizeyinde birikerek karbiir ve nitriir
esasli kaplamalar elde edilebilmektedir. Elde edilen bu kaplamalar malzemenin asinma ve

korozyon dayanimlarini iyilestirirken kullanim siirelerinin uzamasina olanak saglamaktadir [6-
7].

Bu tez calismasinda, yilizeyleri zimparalama ve parlatma islemlerinden geg¢irilmis numunelerin
yiizeylerinde krom karbiir esasli kaplamalarin olusturulmasi planlanmistir. Calismalarda elde
edilen kaplama tabakalarin yiizey ozellikleri ve homojenligi mikro yapr analizleri ve faz
analizleri ile belirlenirken kaplamalarin sertlik analizleri de incelenmistir.

2. DENEYSEL CALISMALAR

Bu calismada 20 x 6 milimetre boyutlarinda AISI D2 takim c¢eligine ait numuneler
kullanilmistir. Caligmada kullanilan numunelerin kimyasal kompozisyonuna iliskin bilgiler
cizelge 1’de gosterilmistir. CrC kaplama igleminde kullanilmasi i¢in 1040 celiginden imal
edilmis ¢elik potalardan faydanilmistir. Celik potalarin boyutlari ise 30x50x60 milimetredir.

Cizelge 1.AISI D2 Celiginin kimyasal kompozisyonu

Elementin | C Si Mn P S Cr Mo \%
Adi
Kimyasal | 1,580 | 0,33 0,44 0,018 |0,0003 | 11,65 | 0,73 0,900
Bilesimi
(0AZ)

AISI D2 takim celigine ait numuneler kaplama islemlerinden once metalografik yiizey
temizleme islemlerine tabii tutulmustur. Kaplama Oncesi yiizey temizleme islemlerine tabii
tutulan numuneler daha sonra biinyesinde diisiik karbon icerigine sahip ferro krom, aliiminyum
oksit, nisadir ve naftalin igceren toz karisimi igerisine gomiilmiistiir. Tiim islemler esnasinda
sicaklik 1000°C’de olarak belirlenmis islem siiresi ise 2 saat olarak ayarlanmigtir. Her kaplama
numunesi i¢in bu islemler biitiinii tekrarlanmistir. Kaplama islemlerinin tamamlanmasinin
ardindan numuneler ¢elik pota icerisinden ¢ikarilarak havada sogutulmasi saglanmistir. Havada
sogutma iglemleri tamamlanan numunelerin yiizeylerinde olusabilecek banyo kalintilari ise
alkol ¢ozeltisi i¢erisinde temizlenmis, kurulanmastir.

Termo reaktif difiizyon yontemi ile kaplanmis celigin kaplama verimliliklerinin ortaya
c¢ikarilmasi adina karakterizasyon islemleri yapilmistir. Karakterizasyon islemlerinin tamami
Sakarya Universitesi laboratuvarlarinda gergeklestirilmistir. Yiizey morfolojisi ve faz analizi,
optik mikroskop, SEM ve x-1sinlar1 difraksiyon analizi (XRD) yardimiyla yapilmistir. Kaplama
tabakasinin sertligi ise Vickers indentasyon teknigi ile belirlenmistir.
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3. SONUCLAR VE DEGERLENDIiRME

3.1. Mikro yap1 incelemeleri

AISI D2 celigi yiizeyinden termo reaktif difiizyon yontemiyle olusturulan CrC kaplamalarin
optik mikro yap1 goriintiileri Gorsel 1.’de gosterilmistir. Mikro yap1 goriintiilerinde homojen

bir kaplama tabakasinin varligindan so6z edilebilir.

Kaplama Boélgesi

Difiizyon Bolgesi

MATRIS

Difiizyon Bolgesi

Kaplama Bélgesi

é
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Kaplama Bolgesi

Difiizyon Bolgesi

MATRIS

(©
Gorsel 1. AISI D2 celiginin CrC kaplama islemi sonucunda olusan a)Sx biiyiitme b)10x
biiyiitme ve ¢)20x biiyiitmede optik mikro yapi goriintiileri

3.2. X-Isimlar1 Analiz incelemeleri

Termo reaktif difiizyon yontemiyle AISI D2 ¢elik yiizeylerinde olusturulan CrC kaplamalara
ait numunelerin yilizeylerinden alinan X-i1sin1 analiz degerlendirmeleri Gorsel 2.’de
gosterilmistir. Her bir numune i¢in alinan X-1igin1 pikleri yorumlandiginda numunenin
yiizeyinde Cr7C3 ve CrzC; karbiir fazlarin olustugu gozlemlenmistir.

O'C rC,
700 ® CrC,
600 .
O
500
= 400
§ 300 .
7
O
200 8
100 O
0 M WY At oo - -L
-100
0 20 40 60 80 100
20 (9

Gorsel 2. AISI D2 ¢eliginin CrC kaplama islemi neticesinde elde edilen X 1s1n1 analiz
grafigi
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3.3. Taramah Elektron Mikroskobu (SEM) ve Elementel Analiz Incelemesi

Altlik malzeme olarak kullanilan AISI D2 ¢elik yiizeyinde termo reaktif diflizyon yontemi ile
olusturulan CrC esasli kaplamalarin taramali elektron mikroskobu ve EDS analizleri Gorsel
3.’de gosterilmistir. Kaplamalarin secilmis 4 farkli bolgesinden EDS analizleri alinmistir. EDS
analizleri incelendiginde kaplama tabakasimnin ana bilesenlerinin krom, karbon ve demir
elementleri icerdigi sonucuna varilmistir.

Kaplama Bilgess

Th—:

- ~ » - N .
Cwwaer 3t Tane 0w 0y > Prame 30 Cwwaer t ot Tan wriow

|
i

Cr
( Fv
S S
oa-a -
aaid

(e) ()

Gorsel 3. AISI D2 celiginin CrC kaplama islemi neticesinde elde edilen olusan (a ve b)
SEM mikro yapi goriintiileri, (c), (d), (e), ve (f) sirasiyla 1,2,3,4 bolgelerinden alinmis EDS
analizleri
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3.4. Mikro Sertlik Analizler ve Sonuclarmin Incelemesi

CrC kaplamalarin gergeklestirildigi AISI D2 ¢eligine ait numunelerin sertlik degerleri Vickers
indentasyon teknigi ile belirlenmistir. Altlik malzeme olarak kullanilan AISI D2 celigine ait
numunelerin sertligi 535 HV (00,1) olarak hesaplanmistir. CrC kaplama islemleri neticesinde
elde edilen kaplamalarin sertlik degeri ise 1780 HV (0.025) olarak belirlenmistir.

TESEKKUR

Bu calisma Sakarya Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
2019-7-24-287 nolu proje kapsaminda desteklenmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

-Yapilan incelemelerin neticesinde AISI D2 ¢eliginin yiizeyinde CrC esasli kaplamanin elde
edildigi ortaya ¢ikarilmistir.

-Altlik malzeme olarak kullanilan AISI D2 geligine ait numunelerinin yiizeylerinde elde edilen
CrC esasli kaplama tabakalarinin olduk¢a homojen ve siirekli oldugu ortaya cikarilmistir.
-Elde edilen CrC esasli kaplamalarin sertlik degerlerinin altlik malzemeye nazaran oldukga iyi
degerlere sahip oldugu ortaya ¢ikarilmistir.

-Kaplama neticesinde elde edilen sertlik degeri ile altlik malzeme olarak kullanilan AISI D2
celigine ait numuneler kiyaslandiginda CrC kaplamanin sertliginin oldukca yiiksek oldugu
gosterilmistir.

-Termo reaktif difiizyon yontemi ile CrC kaplanmis ¢eliklerin yiizeylerinde olusan kaplama
tabakasinda Cr3Cz ve Cr7Cs fazlarinin varligina rastlanmistir.
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OZET

Makinelesme ve teknolojik ilerlemenin her gegen giin arttig1 bu bilim ¢aginda karsilagtigimiz
en biiylik problemlerden biri, giderek azalan hammadde olanaklaridir. Diinya {izerinde en ¢ok
kullanilan malzemelerden biri olan ¢elikler i¢cinde en biiyiik problem kisitlh hammadde
stoklaridir. Celik malzemelerin gerek kullanim sartlar1 gerekse de kullanim ortamlar1 nedeniyle
mekanik ve kimyasal etkilerle siklikla karsi karsiya kalmaktadirlar. Maruz kaldiklari bu etkiler
performanslarini diisiiriip belli bir zaman sonrada kullanilamaz hale gelerek bozulmalarina
neden olarak kisitlh hammadde stoklarinin verimsiz kullanilmasina yol agmaktadir. Termo
reaktif diflizyon yontemi de tam olarak bu problemlere ¢6ziim olmak adina gelistirilmis en etkili
yontemlerden biridir [1].

Termo reaktif difiizyon yontemi ile ¢elik ylizeylerinde elde edilen nitriir-boriir-karbiir esaslt
tabakalar celiklerin yilizey ozelliklerini gelistirip kullanim verimliklerini oldukg¢a iyilestirir.
Elde edilen kaplama tabakalarin sertlik degerleri ile asinma ve korozyon dayanimlari da
oldukga yiiksektir [1-2].

Bu ¢alisma 2 temel asamadan meydana gelmis olup birinci asamada AISI D2 ¢eligi numune
hazirlama islemleri ile kaplamaya uygun hale getirilip 580°C, sicaklikta ,480 dakika siirede gaz
nitriirleme islemine tabii tutulmustur. 2. asamada ise termo reaktif diflizyon yoOntemi
kullanilarak AISI D2 ¢eligi yiizeyinde CrN (Krom nitriir) tabakasit olusturulmasi
hedeflenmistir. Islem sicaklig1 olarak 1000°C belirlenmis olup islem siiresi ise 120 dakikadir.
Kaplanmis celige ait numunelerin ylizey 6zellikleri ve faz analizleri, optik mikroskop, taramali
elektron mikroskobu (SEM) ve x 1sinlart difraksiyon analizleri (XRD) ile incelenmistir.
Kaplama yiizeyinde elde edilen kaplama tabakalarinin sertlik degerleri ise Vickers indentasyon
teknigi yardimiyla belirlenmistir. Yapilan tiim yiizey analizleri ve olgiimlerinin neticesinde
AISI D2 takim celigi yiizeyinde olusturulan kaplama tabakasinin sertlik degerinde iyilestirme
saglanmis, homojen ve kompakt oldugu ve ayrica krom nitriir fazlarindan olustugu ortaya
cikarilmistir.

Anahtar Kelimeler: Krom nitriir, Takim Celigi, Sertlik, AISI D2 ¢eligi, Faz Analizi,
Kromlama, Nitriirleme
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1. GIRIS

Celik malzemelerin siklikla tekrarli yiikler altinda kullanilmasi performanslarinda istenmeyen
aksakliklar yasanmasina yol agmaktadir [2]. Yasanan bu aksakliklarin neticesinde c¢elik
malzemeler kolaylikla bozulup islevlerini yitirmektedir. Bu tip sorunlarin ortadan kaldirilmasi
icin ¢elik malzemelerin yiizeyleri gesitli ve degisik bircok yolla kaplanmasi yapilarak yiizey
ozelliklerinin iyilestirmesi saglanmaktadir [3].

Termo kimyasal bir islem olan bu kaplama prosesinde yiiksek sicakliklarda kaplama banyosu
igerisinde bulunan elementlerin altlik malzeme yiizeyinde birikerek ince bir film tabakasi
halinde olusumu saglanmaktadir [4].

Celik malzeme yiizeyinde olusan bu ince film malzemenin asinma dayanimi, korozyon
dayanimin1 gibi 6zelliklerinin iyilestirmesine olanak sagladigi gibi kaplama banyosunda
bulunan karbiir yapici ve nitrlir yapic1 elementler nedeniyle yiiksek sertlik degerlerine de
sahiptir [5].

Is bu calismada sanayide kullanimi oldukga yaygim olan AISI D2 takim geliginin yiizeyinde
Termo reaktif difiizyon yonteminden faydalanarak CrN (Krom nitriir) esasli kaplamalarin
olusturulmasi hedeflenmistir. Elde edilen kaplama tabakasinin karakterizasyon testleri (optik
mikroskop, taramali elektron mikroskobu), faz analizleri (x- 1sinlan testi) ve sertlik testleri
yapilmistir.

2. DENEYSEL CALISMALAR

Bu calismada sanayide kullanimi oldukca yiiksek olan AISI D2 takim celiginden
yararlanilmistir. AISI D2 takim celigine ait parcalar 25 mm capta ve 6 mm kalinliga sahip
olacak sekilde islenmistir. CrN (Krom nitriir) kaplama prosesinde kaplama kutusu olarak ise
paslanmaz celik potalardan yararlanilmistir. AISI D2 takim g¢eligine ait iglenmis olan
numuneler kaplama islemlerinden hemen oOnce yiizeyleri 60-1000 gridlik zimparalar ile
temizlenmis ardindan parlatma islemlerine gecilmistir. Yiizeyleri temizlenen numunelerinin
580°C’de 480 dakika siirede gaz nitriirleme islemine tabii tutulmustur. Nitriirleme isleminin
tamamlanmasinin ardindan numuneler agirlik¢a oran 1:1:2:1 olacak sekilde aliimina, naftalin,
ferrokrom ve amonyum klorlir barindiran banyonun igerisine yerlestirilerek termo reaktif
difiizyon yontemi ile kaplanmasi saglanmistir. 1000°C sicaklikta gerceklesen islemlerde islem
stiresi ise 120 dakika ile siirlandirilmistir.

Kaplama islemlerinin tamamlanmasmin ardindan numunelerin yiizeylerinde olusabilecek
kalintilar ise sicak su ortaminda temizlenmistir. Temizlenen numunelerde kaplama
ozelliklerinin incelenmesi i¢in bakalite alinmistir. Bakalite alinan celiklerin metalografik ylizey
temizleme islemlerinden ardindan %3 ‘likk nital ¢ozelti icerisinde daglanmasi yapilmistir.
Kaplama 6zellerinin belirlenmesinde optik mikroskop, taramali elektron mikroskobu, XRD
analizinden faydamilmistir. Kaplamalar neticesinde elde edilen sertlik degerinin
hesaplanmasinda ise Vickers indentasyon tekniginden yararlanilmistir.
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3. SONUCLAR VE DEGERLENDIiRME

3.1. Mikro yap1 incelemeleri

AISI D2 c¢eligi yiizeyinden 580°C’de gaz nitriirleme yontemi neticesinde elde edilen
kaplamalarin optik mikro yap1 incelemeleri Gorsel 1.’de gosterilmistir. Mikro yap1
analizlerinde nitriirleme islemi ile altlik malzeme yiizeyinde ince ve oldukca homojen bir

kaplama tabakasinin elde edildigi anlasilmaktadir.

Kaplama Bolgesi

MATRIS
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Kaplama Bdlgesi

Difiizyon Bolgesi

MATRIS

(b)

Kaplama Bolgesi

Difiizyon Bolgesi

MATRIS

(©)

Gorsel 1. AISI D2 ¢eliginin nitrasyon kaplama islemi sonucunda olusan a)5x biiyiitme
b)10x biiyiitme ve ¢)20x biiyiitmede optik mikro yap1 goriintiileri

AISI D2 c¢eliginin nitriirleme isleminin ardindan 1000°C sicaklikta 120 dakika stirede
gerceklesen termo reaktif difiizyon yontemi ile kaplanmasina iligkin optik mikro yap1

incelemeleri ise Gorsel 2.’de verilmistir. Nitriirleme isleminin ardindan yapilan CrN (Krom
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nitriir) kaplamalarinin altlik malzeme yiizeyinde siirekli, homojen ve diizenli bir kaplama
tabakasinin elde edildigi anlasilmaktadir.

Altlik malzemeye siki sikiya bagl olduk¢a diizenli ve homojen kaplama tabakalarmnin elde
edildigi anlasilan gorsellerde kaplama kalinliklarinin da belirli bir ¢izgide ilerledigi

gozlemlenmistir.

Kaplama Bélgesi

.. Difiizyon Bolgesi

Kaplama Bélgesi

Difiizyon Bolgesi

MATRIS

(b)
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Kaplama Bolgesi

Difiizyon Bolgesi

MATRIS

(©)

Gorsel 2. AISI D2 celiginin CrN kaplama islemi sonucunda olusan a)5x biiyiitme b)10x
biiyiitme ve ¢)20x biiyiitmede optik mikro yap1 goriintiileri

3.2. X-Isimlar1 Analiz incelemeleri

Termo reaktif difiizyon yontemiyle AISI D2 ¢elik yiizeylerinde olusturulan CrN kaplamalara
ait numunelerin ylizeylerinden alinan X-isim1 analiz degerlendirmeleri Gorsel 3.°de
gosterilmistir. Her bir parametre i¢in alinan X-1sm1 pikleri yorumlandiginda numunenin
yiizeyinde Cr2N, (Cr, Fe,)2N1x ve FexN fazlarinin olustugu gozlemlenmistir.

1
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Gorsel 3. AISI D2 celiginin CrN kaplama islemi neticesinde elde edilen X 151m1 analiz
grafigi
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3.3. SEM ve Elementel Analiz incelemeleri

AISI D2 celigi iizerine 1000 °C sicaklikta 120 dakikada gerceklesen isleler neticesinde elde
edilen CrN kaplamalarin taramali elektron mikroskobu goriintiileri ise Gorsel 4.’de
gosterilmigtir. Sem analizinde 2 farkli katmandan olusan bir kaplamanin varlig1 s6z konusudur.
Bu yapilarin bilinyesinde neler icerdiginin analizini yapmak i¢in 4 farkli yerden EDS analizleri
yapilmistir. Kaplamalarin Cr, Fe, C elementlerini igerdigi anlagilmistir.

Kaplama Bilgesi

15k X1.88080 18um 11 S2 BES 15Kk0 X3, eea Swm 11 55 BES
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Gorsel 4. AISI D2 celiginin CrN kaplama islemi neticesinde elde edilen olusan (a ve b) SEM
mikro yap1 goriintiileri, (c), (d), (e), ve (f) sirasiyla 1,2,3,4 bolgelerinden alinmis EDS analizleri
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3.4. Mikro Sertlik Sonuclarmin Incelemesi

CrN kaplamalarin gergeklestirildigi AISI D2 ¢eligine ait numunelerin sertlik degerleri Vickers
indentasyon teknigi ile belirlenmistir. Altlik malzeme olarak kullanilan AISI D2 ¢eligine ait
numunelerin sertligi 545 HV (00,1) olarak hesaplanmistir. Nitriirleme islemine tabii tutulmusg
AISI D2 numunelerin sertligi 900 HV (00,1) olarak hesaplanirken CrN kaplama islemleri
neticesinde elde edilen kaplamalarin sertlik degeri ise 1580 HV (0.025) olarak belirlenmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

-Nitriirleme islemi neticesinde elde edilen kaplama tabakasinin altlik malzeme yiizeyinde
homojen ve siirekli bir yapida elde edildigi anlagilmaktadir.

-Nitriirleme isleminin tamamlanmasinin ardindan yapilan termo reaktif difiizyon yontemi
sayesinde krom-nitriir esasli kaplama tabakasi ¢elik yiizeyinde basariyla elde edilmistir.

- Elde edilen CrN (Krom nitriir) esasli kaplamalar altlik malzeme yiizeyinde olduk¢a homojen
ve siirekli oldugu anlagilmaktadir.

-AISI D2 celigi, nitriirlenmis is parcas1 ve CrN (Krom nitriir) kaplanmis numunelerinin sertlik
analizleri yapildiginda CrN kaplamanin sertlik degerinin digerlerinden olduk¢a yiiksek oldugu
ortaya ¢ikarilmustir.

- Termo reaktif diflizyon yontemiyle CrN kaplama islemi yapilmis AISI D2 ¢eliginin ylizeyinde
elde edilen kaplama tabakasinin Cr2N, (Cr, Fe,)2Ni1x ve FexN fazlarini igerdigi ortaya
cikarilmistir.
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ABSTRACT

In this paper, authors suggest a flexible patch antenna which uses a paper in its substrate layer
as dielectric material. The operating frequency is chosen as most used communication band as
2.4GHz wireless communication band. Designed flexible patch antenna was analysed in both
horizontally and vertically concave-convex bending processes. The observed resonance
frequency is stable in both horizontal and vertical concave-convex bending scenarios which is
in 2.4GHz. The return losses of proposed flexible patch antenna are also observed between -
8.8dB and -13dB that is also a good return loss characteristic of proposed antenna. Moreover,
designed antenna was fabricated and experimentally tested in microwave laboratory. Obtained
return loss characteristics by vector network analyser shows experimental results are in a good
harmony with simulated results. Finally, proposed flexible patch antenna, which uses paper
dielectric in substrate layer, could be used in flexible antenna applications such as wearable
antenna industry.

Keywords: patch antenna; paper dielectric; flexible antenna; wearable antenna; wireless band

1. INTRODUCTION

Nowadays, electronics and antenna industry need flexibility of components instead of using
rigid dielectric materials because of easy integration for various applications. According to
recent developments in antenna industry, flexible antennas have a great potential in implantable
electronics [1], sensor [2], medical [3] and wearable applications [4] due to its low-cost
materials, lightweight and easy integration properties. According to the literature, it is possible
to use inkjet technology to fabricate flexible antenna on flexible dielectric substrate [5].

In addition, the Pl and PET film based flexible patch antenna was introduced to the literature
for 1.58GHz applications [6]. Also, it is possible to design flexible patch antenna for Wimax
applications especially 3.55GHz bands and in this design kapton polyamide material for used
as flexible substrate layer [7]. Moreover, a textile material-based patch antenna was presented
to the literature which has flexibility and breathable characteristics [8]. Furthermore, PET based
thin planar patch antenna was investigated for 5G applications [9]. Finally, other literature
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studies indicate that the feasibility of flexible antennas in IOT and bio-integrated electronic
applications [10, 11].

In this conference study, paper dielectric-based patch antenna is presented for flexible antenna
applications. The rectangular patch model was chosen in design process and paper is used for substrate
layer to create flexibility. The operating frequency is 2.4GHz which is commonly used frequency
band in communication systems. The antenna is investigated under various conditions as
horizontal and vertical convex-concave bending processes. An experimental test is conducted
to show feasibility of designed flexible antenna. As a result, simulated and experimentally
measured results are in a good harmony that presents the paper dielectric used flexible patch
antenna could be used in various application areas such as medical, textile, IOT and etc.
applications.

2. DESIGN AND SIMULATION RESULTS

In design process, a standard rectangular patch antenna model is chosen and the design
parameters of this antenna is given in Figure 1a. The back ground layer of patch antenna is
covered by copper metal. Also, the patch layer is chosen as copper which has conductivity of
5.8x107 S/m and thickness of 0.035mm. In the substrate layer, paper is chosen as dielectric
material which has permittivity of 2.31. The aim of using paper dielectric in substrate is to
create flexibility and also it is easy to obtain paper for experimental tests. The planar form of
this patch antenna is investigated and return loss and far-field radiation pattern is given in Figure
1b and Figure 1c. As shown, this planar patch antenna configuration has return loss value of -
10.4dB in 2.4GHz centre frequency which is the mostly used communication band. Moreover,
7.88dBi radiation gain is directed as plotted in Figure 1c. This simulation results show that
proposed patch antenna can be used for communication applications.
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Figure 1. Planar patch antenna design a) front view with design parameters, b) S11
characteristics and c) 3D far-field
Furthermore, as shown in Figure 2a, b, ¢, and d; four possible bending processes were
investigated. Horizontal concave, horizontal convex, vertical concave and vertical convex
scenarios was examined as illustrated in Figure 2. As plotted in Figure 2.e; horizontal concave,
horizontal convex, vertical concave and vertical convex has return losses of -12.8dB, -9.4dB, -
8.8dB and -12dB, respectively. These results indicate that proposed paper dielectric flexible
patch antenna has stable radiation characteristics and could be used in flexible antenna industry.
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Figure 2. a) vertical convex, b) vertical concave, c) horizontal convex, d) horizontal concave and
f) return loss characteristics of flexible antennas

In addition, far-field radiation patterns of all bending scenarios have been obtained and
investigated as plotted in Figure 3. As shown in radiation patterns, radiation directions are not
changed in bending processes, that causes this flexible patch antenna s in stable condition under
horizontal and vertical convex-concave bending. This property pave the way that the proposed
paper dielectric flexible patch antenna could be a candidate for flexible antenna studies
especially wearable antenna applications.
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Figure 3. Far-field characteristics of flexible patch antenna design
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3. EXPERIMENTAL TESTS

The designed paper dielectric flexible patch antenna was fabricated and experimentally tested.
In fabrication process, a copper tape and paper are used and combined with each other. After
antenna fabrication process, an SMA port is soldered and vector network analyser is used for
antenna parameter measurement. The horizontal and vertical convex-concave bending images
are illustrated in Figure 4. And, measured return loss values are plotted and given in Figure 4.
According to measured return loss values, the resonance frequency is near to 2.4GHz centre
frequency. The experimental tests show that fabricated flexible antenna has a good radiation
characteristic and could be used in flexible antenna applications.

Retumn Loss, S11/¢98
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Figure 4. Experimental tests and measured return loss S11 characteristics

4. CONCLUSIONS

In this study, authors propose a flexible patch antenna design which uses a paper in its substrate
layer as dielectric material. The operating frequency was chosen as 2.4GHz commonly used
frequency band. The aim of using the paper in substrate layer is to create flexible characteristics.
This antenna is investigated in horizontal and vertical concave-convex bending scenarios. For
each bending scenario, antenna resonance frequencies are in 2.4GHz and it has stable
characteristic. Moreover, far-field radiation characteristics also obtained for each bending
scenario to see stability of radiation directions. In addition, designed paper dielectric flexible
patch antenna was fabricated by using copper tape and paper combination. The experimental
investigations were carried out for each bending scenario, the vector network analyser was used
for return loss measurement. According to measured return loss values, 2.4GHz resonance
frequency is stable in various bending configurations. The proposed paper dielectric flexible
patch antenna is a candidate for various antenna areas especially wearable antenna and 10T
applications.
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ABSTRACT

Missiles are weapons systems that can autonomously direct to their target with the help of
sensors (image, thermal, radar, inertial, GPS), try to neutralize them with the warhead on them,
and can reach higher speeds according to the speed of the target. They are classified according
to their intended use, range and conditions of release. Surface-to-air, air-to-surface, air-to-air
and surface-to-surface missile types are the most widely used concepts. In order for a missile
to hit its target effectively, it must have a high-performance guidance and autopilot algorithm.
Air defense missiles are agile missiles that can reach high speeds and have high
maneuverability. Thanks to the effectiveness of guidance algorithms, they minimize the
distance between them and the target. Air defense missiles are usually launched vertically from
the ground and first try to reach the altitude where their target is. In this paper, autopilot and
guidance structures of a canard-controlled air defense missile were designed The nonlinear
model was linearized around the selected design points. For the linear missile model obtained,
the autopilot algorithm was designed based on LQR with the practical suboptimal tracker(PST)
method. In order to improve the designed autopilot, the system has been made linear parametric
(LPV model) and its performance has been evaluated over the miss distance. True proportional
navigation guidance and pursuit guidance, one of the guidance methods in the literature, have
been included in the system and their performances have been examined together with the
designed autopilots. The designed linear missile model, autopilot and guidance algorithms were
simulated using MATLAB/Simulink application. According to simulation studies showing
better performance on autopilot and guidance algorithms and verified results are given
information about how they will develop better in the future.

Keywords : Missile, guidance, control, autopilot, LOR, LPV

1. INTRODUCTION

Air defence missiles are divided into three, according to their range, as short-range, medium-
range and long-range. Medium and long range air defense missiles are usually launched
vertically from the platform. Short-range air defense missiles, on the other hand, are portable
missiles that can be launched from the shoulder.

It is very important for a country to protect its airspace completely independently and
effectively against threats from the air. Today, there is a need for advanced air defense systems
as well as advanced air platforms. Then from abroad, primarily in Turkey to meet the needs of
local and national air defence system with extensive facilities located in the media. Hisar-A and
Hisar-O systems developed by Aselsan / Roketsan for low and medium altitude requirements
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are included in the inventory. Mid-range and long-range missiles are today launched vertically
as shown in Figure 1 in order to keep the coverage area wide[1].

1

Figure 9. Air Defence Missile Launching Moment[2]

.

2. MATHEMATICAL MODELING

Mathematical modeling of a missile includes different definitions such as equations of motion,
aerodynamic model, coordinate systems, control actuation system. There are 6 kinematic and 6
dynamic motion equations that describe the motion of the missile. These kinematic and dynamic
equations are divided into translational and rotational equations of motion. Euler angles are
used to describe the transformation between coordinate systems. Euler Angles also make
connections between rotation kinematics and rotation dynamics. Dynamic equations are
basically described using Newton's second law of motion, which relates translational
accelerations to forces and rotational accelerations with moments. In this section, a nonlinear
mathematical missile model is obtained using equations of motion that include the aerodynamic
model that generates aerodynamic forces and moments. These equations are simplified and
linearized around equilibrium conditions. At the end of these stages, state space models and
transfer functions required for autopilot design are obtained. The missile geometry examined
in this study is given below in Figure 2.

Figure 10. Missile Geometry

The conditions under which the aerodynamic coefficients are taken from the missile's flight
envelope and the Missile Datcom program are given below.

a ={-20,—-15,—10,-5,0,5,10,15,20}
g ={-20,-15,—-10,-5,0,5,10,15,20}
Mach = {0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0}
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The force and moment coefficients used in this study are given below[3].

Cw =Axial force coefficient, €y =Lateral force coefficient, Cz =Normal force coefficient

£; = Rolling moment coef., £, =Pitching moment coef., £;, = Yaw moment coef.

Non-dimensional form of these force and moment coefficients can be found as follows.

Cx=—CylaM,p) (D)
. ) d d 2)

CY = Cygﬁ + Ci’éaﬁﬂ + CYE;-D:" + Cyppﬁ + CY:..T'E
- d 3

CZ = Czﬁﬂ+Cz¢"EGE + CEEQ'E
R - ] d 4)
C: - C:Eﬁ"‘ C:é‘ul’_’?ﬁ + C:ﬂ"rﬂ?‘ it C:ppﬁ + C:;..Tﬁ
3 d ®)
Cn= C?J‘lﬁﬂ’_'_c?ﬂlsgﬁﬂ + Cmq"-?ﬁ

o i e d (6)

Cn = Cn,ﬁ’ﬁ"‘ C:'zéuﬂn + C?:Erﬁr + C?zppﬁ + Canﬁ

For a stable missile, stability, control and dynamic derivatives of aerodynamic
coefficients must have proper signs[4]. Table 1 shows the proper signs for
canard controlled missile.

Table 1. For a stable missile, uncoupled terms of aerodynamic stability, control and dynamic
derivatives

Stability Sign Control Sign Dynamic Sign
Cy . - CYﬁr + Cy. +
Cy g2 Cw, = Cw, *

ig ) Cis, * C P 3
Con a - Con e - Cm q -
Cny + CL + C,, -

Some of the aerodynamics data taken from MissileDatcom are given below in
Figure 3[5].
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CNve Amgle of Attack CXvs Amgle of Attack CYvs Bela CYer va Bets
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Figure 3. Aerodynamic Coefficients

Missile control surfaces positive direction identifications when look from behind the missile
are given figure below in Figure 4.

- |
Figure 4. Missile Control Surfaces Positive Directions Identifications

Fin deflections are named according to the fin number stated as &,, 85,8z ve &5. These fins cause
rotation of the missile.

8, = aileron angle{ Rolling)
8, = elevator angle( Pitching)
8, = rudder angle( Yawing)

Second order control actuation system model is given below.

8(s) _ w?

S.(s) 5%+ 28w, +w? ()

w, = natural frequencylrad /s), & = dampingratio

Control actuation system model block diagram is given below in Figure 5.

speed limit position limit
o, = 1 o
E @, ™ s | -2 .
2C o,

Figure 5. Control Actuation System Block Diagram
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Pitch plane state space model is given below.

a I, 0 Z,+1 Zj 0 a 0
6 o 0 1 0 o ||f]| |o
9(=|M, 0 M, Ms 0 91+ 0 |s.. (8)
Gs 0 o 0 0 1|9 0
&, 0 0 0 —w2 —2fw, 6.1 Llwg
Roll and Yaw plane state space model is given below.
Bl v 0 0%, v,—-1 vs, 0 v 0 7181 ro0  O-
¢ 0 0 0 1 0 0 0 0 0 P 0 0
97 0 00 0 1 0 0 0 0 ¥l o o
P Lg 0 0 L, I, Lsg, O Ls, 0 P 0 0|
F|l=|Ng 0 0 N, N, Nz 0 _Ng 0 [o|r|+|0 O G:‘c] (9)
O 0 0 0 0O 0 0 1 0 0 Ya 0 0
& 0 0 0 O 0 -—w? 2w, 0 0 §a| [wn O
sl o oo o o0 0 0 0 1 6.1 (0 0O
| Lo 0o 0o o0 0 0 0 —w? —2Fw,l L] L0 wx
Lk

-
L

3. AUTOPILOT DESIGN

Missiles launched from surface to air generally do not have roll motion. Therefore, it is possible
to decouple the longitudinal and lateral dynamics. Moreover, mission of the roll autopilot is
keeps roll angle zero. In this study two autopilot methods were used. The first one is practical
suboptimal tracker and the second one is LPV controller. These autopilots have two loops which
are rate autopilot and acceleration autopilot. Design specifications of autopilots are given
below.

Rate autopilot:

Gain Margin > 8 dB,

Phase Margin > 40°,

Control surface deflection rate <250°/s,
Settling Time (%2) < 2s (for roll autopilot < 1s).
Acceleration autopilot:

Gain Margin > 8 dB,

Phase Margin > 40°,

Control surface deflection rate < 250°/s,

Settling Time (%2) < 2s (for roll autopilot < 1s).

3.1. Practical Suboptimal Tracker

The linear quadratic regulator (LQR) is a one of the optimal control design technique. In this
technique feedback gains operates a system at minimum cost. Practical suboptimal tracker
method is related to LQR(Linear Quadratic Regulator).its gains are derived from LQR
method[6]. The linear system can be defined as follow.
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i = Ax(t) + Bu(t) (10)
v = Cx(t) + Du(t) (11)
If all states of the system are measurable; state feedback can be written as equality given below.
u=—-Kx (12)
Jacobian formula is given below.
J= f [xTQx + u” Ru]dt (13)
t=0

Block diagram of practical suboptimal tracker is given below.

- »\ ¢ ¢ . ‘ B
O 1 bl OO 8 OO T ¢

Figure 6. Practical Suboptimal Tracker Block Diagram

State space model of this tracker is given below. Integral of the error is added to system.
X _[A 0111, [B 0
[f] % [—c u] [f] 3 [u]“ 8 [I]T (14)

For pitch autopilot state space representation is given below.

#] [Ze Zg+l Zs 0 o @ 0 0
qal M, M, M;, o off 9 0 0
del=1 0 0 0 1 ol % |+|0 |d..+|0|g.  (15)
Je 0 0 —w® —2tw, 0| % | |wi 0
eal Lo 10 o ollfed Lo 1
r o
q
y=[0 100 0]] %
8, (16)
Se,
€ =G~ 1 (17)

Weight matrix of states Q and weight matrix of input R are selected as
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00 0 0 0
0000 O
0000 O
0 0 0 0 25
R=1 (29)
Pitch autopilot structure is given below.
a,. )( ) o Kos + K | c a a,
~ 2 J' q 4
A
Pitch
rate loop K
Figure 7. Pitch Autopilot Structure
Transfer function between acceleration and angular rate is defined as follow.
a:_, Z5,5%+ (Z,M5, — My Z5,)5 + Z.Ms, — Mo Z5,
g Mss+M.Z5, — Z,M;, (20)

Structure given above was used for designing roll and yaw autopilot separately. In this autopilot
design point is given below.

e Mach=3
e Angle of Attack =0
e Beta=0

e Altitude = 35 000 ft
Outputs of design process of autopilot given below.
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Bode Diagram

Gain Margin = 9.07 dB (at 0 rad/s), Phase Margin = 67 degree(at 0.961 rad/s)
B [ e

k=

=

= :
3 5

A= _\.\‘

A.‘ loerer e PV e e e ‘

i \

E ) .
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]

w

107 107" 10 10
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Figure 8. Bode Diagram of Pitch Autopilot

step response

Hiz (rad/s)

Zaman(s)

Figure 9. Unit Step Response of Autopilot

3.2. Linear Parametric Varying Tracker

The method that makes the model of a system dependent on one or more parameters and updates
itself depending on the parameter of the model and adapts it to the working conditions is called
the linear parametric variable method [7]. In this study, the parameter that most affects the
system state space models is the Mach number. Therefore, system models have been made
dependent on the Mach number. If the models are updated with more than one number of
parameters, these parameters can be altitude, angle of attack and sideslip angle [8]. These
methods called linear parametric varying (LPV) method in literature. It can be defined as
follow.
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&= AM)x(t) + B(M)u(t) (20)

y = C(M)x(t) + D(M)u(t) (21)
Gains of the PST method also have been made linear parametric varying.
u=—K(M)x (22)

The state space model of the system was obtained at the values given below depending on the
Mach number.

Mach = {0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0}

The effect of the Mach number in the system model is on A matrix. Linear parametric system
matrix for pitch autopilot is given below.

Zo(M) Zy(M)+1 Zs(M) 0O
ML) M) Mz M) O

Lo T e T e Y e

Apirchi:zg{:M} X 0 0 0 1 (23)
0 0 —ws 2w,
0 =1l 0 0 0

Gains of autopilot depending on Mach Number are used in lookup tables. They are given
below.
Table 2. Lookup Table For Pitch Autopilot

Mach K, Kq Ks, K &, Koq

0.5 0.5357 -1.2933 0.0753 5.22*10* 44721
1.0 0.4150 -0.6295 0.1789 0.0012 44721
1.5 0.7214 -0.4646 0.2141 0.0012 44721
2.0 1.0016 -0.3999 0.2143 0.0014 44721
2.5 1.0338 -0.3729 0.2286 0.0015 44721
3.0 1.0634 -0.3505 0.2421 0.0016 44721
3.5 1.0878 -0.3312 0.2548 0.0017 44721
4.0 1.1215 -0.3133 0.2664 0.0018 44721

4. RESULTS OF SIMULATION STUDIES

Simulations were made to compare two autopilots. Four scenarios were established to observe
performance of autopilots. These scenarios include 3-D missile-target engagements. In these
scenarios there are four types of target model. These target models are stationary target, target
with constant speed, target with constant acceleration and increasingly accelerated target.
Missile was launched from surface and it tried to hit target. Proportional navigation guidance
algorithm was used in guidance section of missile. Miss distance was calculated for each
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scenario and performance comparison of two autopilots was investigated. Results of autopilots
performance gives below.

Table 3. Stationary Target Engagement Results

Practical Subo

timal Tracker

Linear Parametric Varying Tracker

Time (s)

Miss Distance (m)

Time (s)

Miss Distance (m)

22.19

4.94

21.76

4.69

Table 4. Target With Constant Speed Engagement Results

Practical Subo

timal Tracker

Linear Parametric Varying Tracker

Time (s)

Miss Distance (m)

Time (s)

Miss Distance (m)

19.09

22.87

19.08

19.33

Table 5. Target With Constant Acceleration Engagement Results

Practical Subo

timal Tracker

Linear Parametric Varying Tracker

Time (s)

Miss Distance (m)

Time (s)

Miss Distance (m)

19.45

24.26

19.16

21.42

Table 6. Increasingly Accelerated Target Engagement Results

Practical Subo

timal Tracker

Linear Parametric Varying Tracker

Time (s)

Miss Distance (m)

Time (s)

Miss Distance (m)

17.3

39.66

17.32

25.66

5. GENERAL EVALUATION AND RESULTS

Two autopilots have been tried in simulation studies. Missile has been run in four type
scenarios. These scenarios include stationary target, target with constant speed, target with
constant acceleration and increasingly accelerated target. When these simulations are
investigated, LPV tracker perform good performance in term of miss distance and engagement
time. Finally, it can be said that linear parametric varying state-space models and controller
gains improve overall performance of the system.
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TASIYICI SISTEM TASARIM HATALARINA DAIR BiR SAHA INCELEMESI

Assoc. Prof. Varol KOC
oMU
0000-0003-4810-3845

Ozet

Bu ¢alisma kapsaminda 339 adet bina, depreme dayanikli tasarim i¢in uygun olmayan 14 adet
diizensizlik agisindan incelenmistir. Hangi diizensizligin binalarda hangi yiizde ile agirlikli
olarak tercih edildigi belirlenmistir. Boylece piyasa kosullarinda mimari tercihlerin depreme
dayanikli tasarim agisindan ne yonde olduguna dair egilimler elde edilmeye calisilmigtir. Bu
diizensizlikler, genis bir literatiir taramasi yapilarak ¢ikarilmis ve su sekilde
numaralandirilmistir:  1- Kolon-perde rijitliklerinin planda x ve y yoOniinde diizgiin
dagitilmamasi 2- Siireksiz kirig- kolon- perde yapilmasi 3- Asma kat 4- Yiiksek giris
5- Yumusak kat etkisi 6- Kisa kolon davranisi 7- Zayif kolon kuvvetli kiris etkisi 8- Asimetrik
yap1 tasarim1 9- Bitisik nizamda kat diizeyi ve kot farki  10- Cikmali yapida kose kolon
11- Yatayda-diiseyde girintili ve ¢ikintili yapilar 12- Kot farki olan arazide temel kot farki 13-
Rijit merdiven 14- Saplama kiris- saplamanin saplamasi.

Diizensizliklerin tercih edilme nedenleri ve yetkin mimarlik- miithendislik ve kalifiye is¢ilik
hizmeti olmadan hayata ge¢irilmesi durumunda ne tiir hasarlar olabilecegi kisaca 6zetlenmistir.
S6z konusu diizensizlikler ile ilgili saha incelemelerinden derlenen Grnek fotograflar
sunulmustur. Diisiik dereceli deprem bolgelerinde ve saglam zeminlerde gercgeklestirilmis
uygulamalarda hasar ihtimali diisiik olmakla birlikte, yliksek dereceli deprem bolgelerinde ve
nispeten zayif zeminlerde mimari tasarimda diizensizlik yoniinde yapilan uygulamalar, deprem
sonrasi hasarlar1 biiylitebilmektedir. Depremler sonrasi yapilan bina hasar incelemelerinde bu
durumlar ile ilgili sayisiz vaka kaydedilmistir. Bu yiizden tasarimda bu tarz yaklagimlardan
kacinmak ya da miihendislik ve uygulama kalitesini ytliksek tutmak sarttir. Saha incelemesi
Samsun ili Atakum Ilgesi ile sinirli olmakla birlikte, tiim diinya capinda Literatiirde bulunan
deprem sonrasi inceleme ¢alismalarindan goriilecegi iizere elde edilen bulgular hemen hemen
tiim yeni gelismis ve gelismekte olan {ilke yapilagmalarini kapsar niteliktedir.

Anahtar kelimeler: Betonarme yapilar, Bina incelemesi, Deprem arastirmalari, Tasiyici
sistem, Asimetrik yap1 tasarimi

A FIELD INVESTIGATION ON CARRIER SYSTEM DESIGN FAULTS
Abstract
In this study, 339 buildings were examined in terms of 14 irregularities that are not suitable for

earthquake resistant design. It has been determined that which irregularity is predominantly
preferred in the buildings with which percentage. Thus, it has been tried to obtain trends in the
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direction of architectural preferences in terms of earthquake resistant design in market
conditions. These irregularities have been obtained through a wide literature review and are
numbered as follows: 1- Failure to distribute column-curtain stiffness in x and y directions in
the plan 2- Discontinuous beam-column-curtain construction 3- Mezzanine floor 4- High
entrance 5- Soft story effect 6- Short column behavior 7- Weak column strong beam effect 8-
Asymmetric structure design 9- Floor level and elevation difference in adjacent structures10-
Corner column in cantilever of structure 11- Horizontally-vertically recessed and protruding
structures. 12- Basic elevation difference in the land with elevation difference. 13- Rigid ladder
14- Stud beam- stud of stud.

The reasons for the preference of irregularities and what kind of damages can occur if they are
implemented without competent architectural-engineering and qualified workmanship services
are briefly summarized. Sample photographs compiled from field investigations regarding these
irregularities are presented. Although the probability of damage is low in applications
performed in low-grade earthquake zones and solid grounds, applications in the direction of
irregularity in architectural design in high-grade earthquake zones and relatively weak grounds
can magnify post-earthquake damage. Numerous cases of these situations have been recorded
in building damage investigations after earthquakes. Therefore, it is imperative to avoid such
approaches in design or to keep the engineering and application quality high. Although the field
study is limited to Atakum District of Samsun province, as it can be seen from the post-
earthquake studies in the literature all over the world, the findings obtained cover almost all
newly developed and developing country structures.

Keywords: Reinforced concrete structures, Building investigation, Earthquake research,
Structural system, Asymmetric structure design

1. Giris

Depreme dayanikli yapi, mimari tasarim asamasinda istenmeyen diizensizliklerden elden
geldigince kaginmakla basglar. Bu diizensizlikler kisaca soyle 6zetlenebilir [1], [2]:

1- Kolon ve perde gibi, yatay deprem yiiklerini karsilayan diisey tasiyici elemanlarin rijit
kenarlar1 planda x ve y dogrultusunda dengeli dagitilmaz ise, yap1 sadece x ya da sadece y
yoniinde depreme karst daha rijit davranir. Tersinir ve anlik yon degistiren deprem etkisi, bu

......

2- Ogzellikle diisey tasiyicilarin temelden catiya aym diisey aks ve kesit ebatlarinda siirekli
devam etmesi gerekir. Benzer sekilde kirislerin de ayni yatay aks, genislik ve yiikseklikte
devami1 6nemlidir [4].

3- Bina giris katlar1 yiiksek yapilarak giris kat yiiksekliginin yaklasik 3’de 2’sinden ek bir
doseme atilip asma kat yapilabilmektedir. Bu ek asma kat dosemesi de normal kat dosemesi
alaniin yaklasik 3’de 2’si olarak yapilir. Bu durum deprem yatay yiiklerini depreme paralel
dogrultular1 ¢ok uzun oldugu igin rijit bir diyafram gibi karsilayip diisey tasiyicilara ileten
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dosemelerde diizensizlik, zemin kat diisey tasiyicilarinda biiylik ve dengesiz zorlanmalar
olusturur [5].

4- Zemin kat yiiksekliklerinin ve dolayisiyla diisey tasiyici boylariin diger katlara oranla daha
uzun, ama kesitlerinin tiim katlarda ayn1 olmasi, zemin kat diisey tasiyicilarini narinlestirecek,
bu da ozellikle yatay yiikler altinda fazla egilmelerine ve diisey yiikler altinda nispeten daha
¢ok burkularak 2. mertebe momentlerini artirmalarina neden olacaktir [6].

5- Yine 6zellikle zemin kat, ya da daire sahiplerinin isteklerine gore ara kat i¢ — dis bolme
duvarlart giliglendirme yapilmadan kaldirilmakta, ayni diisey hatta, diger katlarda bulunan
bolme duvarlar o katlara yatay yiikler altinda rijitlik kazandirirken, bolme duvarlart kaldirilan
katlarda rijitlik diismesi olugturmaktadir [7].

6- Bodrum katlar bagta olmak tizere, bant pencereler nedeniyle tam riilmeyen bdlme duvarlar,
kolonlarin kisa bir boliimiiniin bélme duvar desteginden mahrum olmasina neden olmaktadir.
Bu boliim kisa bir kolon olarak calisir. Kesit alan1 diger katlardaki ortak diisey hat kolonlari ile
ayni iken, kolon boylar1 onlardan ¢ok daha kisa hale gelmis olur. Bu durum, asir1 derecede
yiiklerini, bu ytiksek rijitliklerinden dolay1 ¢ok daha fazla kendi iistlerine ¢ekerek, 6zellikle
gevrek ve ani oldugu i¢in istenmeyen kesme kirilmasina ugrayabilirler [8].

7- Bina hacmini ayakta tutan asil unsurlar diigey tasiyicilardir. Yatay tasiyici olan doseme ve
kirisler, diisey yikler altinda egilme elemani olarak calisir. Egilme davranisi siinek bir
davranistir. Diisey elemanlar ise gevrek go¢cme olusturabilecek basing zorlanmasina maruzdur.
Ayrica yatay yiikler altinda dosemeler ve kirisler ¢ok daha rijit davranirken, kolon ve perdeler
cok daha kritik konumdadir. Bu nedenle her zaman i¢in diisey tasiyicilarin geometrik kesit
olarak yatay tastyicilardan daha giiglii yapilmasi gerekir [9].

8- Yap1 hep planda hem de cephede tam simetriye yaklastikca, yatay yiiklerin dagilimi ¢ok daha
dengeli ve istenir sekilde olmakta, tam simetriden uzaklastik¢a dengesizlesmektedir [10].

9- Bitisik binalar, genelde kiitle ve yiikseklik farklarindan dolay: farkli salinimlar yapacaktir.
Ozellikle kat doseme hizalar1 ayn1 kotlarda degilse, rijit diyafram olarak ¢alisan ddsemelerin,
diger binanin kolonlarina ¢arpma ve o binada biiyiik hasar olusturma potansiyeli vardir [11].

10- Konsol sistemi her yiikleme icin kritik bir davranis sergiler. Ozellikle yapilmasi yasak
oldugu halde, konsol ucunda ug¢ kolon ya da ug kiris varsa, konsol ve konsolu tastyan zemin
kat kolonunda zorlanmalar artacaktir [12].

11- Deprem enerjisi, 6zellikle ¢ikintilarda ve bosluklarda yogunlasir. Bu nedenle planda ya da

cephede girinti ¢ikint1 ve bosluk hacimleri olugturan mimari tasarimlardan kaginmak yerinde
olur [13].
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12- Egimli arazilere bina yapilirken bina temel taban hattinin degismemesi ve ayni kotta olmast
Oonemlidir. Aksi halde temel gibi en 6nemli tagiyici sistem elemaninda, diizensiz zorlanmalar
olusacaktir [14].

13- Merdiven plagi da dosemeler gibi, yatay yiiklere karsi rijit bir diyafram olarak calisip
baglantida oldugu elemanlar1 asir1 zorlayacaktir. Bu nedenle bir ucundan hareketli mesnet
tarzinda birlesim ile imalati yapilmalidir [15].

14- Saplama kiris, lokalize olmus yiikleri ana kirise noktasal yiik gibi yiikleyerek ana kirisin
asir1 zorlanmasina neden olacaktir. Ozellikle kendisi zaten saplama olan bir kirise de tekrar

baska bir yonden gelen saplama kirisler, kritik davranist artirmaktadir [16].

2. Arastirma Yapilan Bélge ve Ornek Fotograflar

Samsun ili Atakum ilgesi smirlar1 i¢inde, Tiirkis ve Omiir evleri semtleri ile, rayli sistem
giizergahi ile sahil yolu sinirlar1 arasinda kalan bolgede (Sekil 1) 339 adet bina, gézle muayene
yontemiyle incelenmistir. Istenmeyen diizensizliklere sahip olan binalar ve hangi
diizensizliklere sahip olduklar1 ¢ikarilmistir. Binalardaki olasi tasarim uygulama hatalar
ornekleri Sekil 2, 3 ve 4 de sunulmustur.

Sekil 1. Arastirma yapilan bolge
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Sekil 2. Asma kat, Yiiksek giris, Yumusak kat ornekleri

WER Ewa
ﬂ1 Rag
AEE "
=7l H Sy

Sekil 3. Kisa kolon, Saplama kiris-saplamanin saplamasi, Asimetrik yapi, Bitisik nizamda
kat diizeyi ve kot farki, Yatayda diiseyde girintili cikintih yapilar, Rijit merdiven
ornekleri
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Sekil 4. Kolon perde rijitliklerinin planda x ve y yoniinde diizgiin dagitilmamasi, Siireksiz
kolon- Kkiris- perde, Cikmal yapida kose kolon veya uc Kiris, Zayif kolon kuvvetli Kiris,
Kot farki olan arazide temel kot farki ornekleri

3. Arastirma Sonuglari

Cizelge 1’ de istenmeyen diizensizlikler ve her birine verilen numaralandirmalar gosterilmistir.
Sekil 5° de her bir diizensizligin kag binada goriildiigii say1 ve ylizde olarak sunulmustur. Cogu
binada ayn1 anda birden ¢ok diizensizlik vardir. En ¢ok goriilen diizensizlikler, yiiksek giris,
kisa kolon ve yumusak kat etkisidir. Zaten Yiiksek girig olan yapilarda genelde ara kirisler de
yapildigindan kisa kolon davranisi ve en azindan cephe duvarlari kaldirilip camekanlar tertip
edildiginden yumusak kat etkisi de goriilmektedir. Bir kisminda ayn1 zamanda asma kat ve iist
katinda kat ¢ikmasi da yapilmaktadir [17]. Bu nedenle bu ilk 3 diizensizligi ¢ikmali yapilarda
kose kolon veya ug kiris diizensizligi ile asma kat diizensizligi takip etmektedir.

Cizelge 1. incelenen Diizensizlik no ve tanimlar

Diizensizlik no Diizensizlik tanim

1 nolu diizensizlik Kolon-perde rijitliklerinin planda x ve y yoniinde diizgiin dagitilmamasi

2 nolu diizensizlik Siireksiz kirig-kolon-perde

3 nolu diizensizlik Asma kat

4 nolu diizensizlik Yiiksek giris

5 nolu diizensizlik Yumusak kat etkisi

6 nolu diizensizlik Kisa kolon etkisi

7 nolu diizensizlik Zayif kolon kuvvetli kiris etkisi
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8 nolu diizensizlik Asimetrik yap1 tasarimi

9 nolu diizensizlik Bitisik nizamda kat diizeyi ve kot fark

10 nolu diizensizlik | Cikmali yapida kose kolon veya ug kiris

11 nolu diizensizlik | Yatayda-diiseyde girintili ve ¢ikintili yapilar

12 nolu diizensizlik | Kot farki olan arazide temel kot farki

13 nolu diizensizlik | Rijit merdiven

14 nolu diizensizlik | Saplama kiris- saplamanin saplamasi

30 76
68
. _ 514 TOPLAM ,
60 52 6% -
48 11 7% 4% "2~
45 6
42 .

10 38 35 36 37 2% \\

o 24
20 13
0

1234567 8 91011121314 6% 11%

Sekil 5. Diizensizlik say1 ve yiizdeleri

4. Sonug¢ ve Oneriler

Depreme dayanikli yap: tasarimi i¢in istenmeyen diizensizliklerden kaginmak 6énemli olmakla
birlikte, diisik deprem dercesine ve saglam zeminlere sahip bolgelerde ya da yetkin
mithendislik mimarlik hizmetleri ile kalifiye iscilik ve kaliteli tasiyici sistem malzemesi
kullanilmast durumlarda bu tiir mimari tasarimlar sorun olmamaktadir. O yiizden insaat
mevzuatlarinda ¢ogu yasaklanmig degil, tavsiye edilmeyen ve dikkatli hesap ve uygulamasinin
yapilmasinin istendigi diizenliklerdir. Ayrica ¢alismamiz, genel mimari egilim ve tercihleri
kategorize etmek amaciyla yapilmig, sadece gozle incelemeye yonelik bir caligmadir.
Dolayistyla diizensizlikleri tespit edilen binalarin depreme dayaniksiz oldugunu iddia etmek
imkansizdir. Ancak piyasa kosullarinda bu yapilarin 6zellikle eski yapilarin ne derece yetkin
miihendislik ve uygulama hizmeti aldiginin da bilinmesi ve denetlenmesi sarttir. Ulkemizde
hayata gegirilen yap1 denetim mevzuati bu agidan degerli bir gelisme olmakla birlikte mevzuat
ve uygulama olarak daha da i1yi hale getirilmesinde fayda vardir. Ayrica yapi denetim
mevzuatindan 6nce yapilmis yapilarin kontrol edilmesi de gereklidir. Zira bu ¢alismada da
ortaya kondugu iizere, istenmeyen diizensizlikler bina tipi yapilarda oldukca yaygin olarak
tercih edilmistir.

Incelenen binalarda gozlenen tercih edilis siralamasina gére, bu calismadan elde edilen veriler
ile, istenmeyen diizensizlikleri, ¢alisma basinda verilen diizensizlik numaralandirmalarini
bozmadan en fazla olandan en az olana dogru su sekilde siralayabiliriz:
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4-) Yiiksek giris (%13), 6-) Kisa kolon etkisi (%11), 5-) Yumusak kat etkisi (%11), 10-) Cikmali
yapida kose kolon veya ug kiris (%9), 3-) Asma kat (%8), 2-) Siireksiz kiris-kolon-perde (%8),
12-) Kot farki olan arazide temel kot farki (%7), 7-) Zayif kolon kuvvetli kiris etkisi (%6), 14-
) Saplama kiris- saplamanin saplamasi (%6), 9-) Bitisik nizamda kat diizeyi ve kot farki (%6),
8-) Asimetrik yap1 tasarimi (%6), 13-) Rijit merdiven (%4) , 1-) Kolon-perde rijitliklerinin
planda x ve y yoniinde diizgiin dagitilmamasi (%3), 11-) Yatayda-diiseyde girintili ve ¢ikintili
yapilar (%2)
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HAFIF CELIK SISTEMLERDE DiKME, KiRiS VE DOSEME OLUSTURMA
CALISMALARININ INCELENMESI

Do¢.Dr. Varol KOC
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Ozet

Hafif c¢elik tasiyicili sistemler gelistirilmis ahsap tasiyici sistemler ile benzerlikler
sergilemektedir. Tasiyici sistem olarak karkas sistem olsa da, iki yiizeylerinde bulunan duvar
kaplamalari ile biitiinliik saglayan sik dikmeler, diyagonaller ve boyunduruklarla da iliski
icinde olmalarinin destegiyle, levha elemaninin bir pargasi seklinde ¢alisir. Sik Kkirisler de,
aralarinda bulunduklari déseme kaplamalari ile birlikte biitiinsel bir plak davranisi sergiler.
Dolayisiyla normal kosullarda ¢ubuk elemanlardan olusturulan karkas gerceve sistemler,
gelistirilmis ahsap ve hafif g¢elik yap1 sistemlerinde levha ve plaklardan miitesekkildir. Bu
nedenle tasiyici sistem davranigi, yigma sistemlere de yaklasir. Bu kendine 6zgii sistem,
tastyici sistem malzemesi olarak hafif gelikten de yapilsa, ahsaptan da yapilsa, baglantilarim
olusturmak kalifiye is¢ilik gerektirir. Zira betonarme gibi monolitik bir insa tarzi yerine,
klasik ¢elik ve klasik ahsap yapilarda oldugu gibi takma ¢ikarma prefabrik bir insa tarzina
sahiptir. Tim bu durumlarin, kendilerine 6zgii avantaj ve dezavantajlar1 s6z konusudur.
Ozellikle teknolojik bir iiretim yontemi olan hafif celik yapilar séz konusu oldugunda,
kosullarin dezavantajini azaltmaya, avantajini artirmaya yonelik ¢aligmalar 6nem arz eder.

Bu baglamda, hafif gelik ile ilgili hemen her seyde oldugu gibi, yapim sistemleri de,
teknolojik imkanlar ile, dezavantajlar1 azaltip avantajlari artirma yoniinde gelistirilmistir.
Dikme ve kiriglerin tek tek santiyede montajiyla olusturulan lineer yapim metotlari, hem
santiye islerini uzatmakta hem de santiyede gerekli olan kalifiye is¢iligi artirmaktadir.
Panellerle insa, santiye is¢ilik miktarini azaltarak elemanlarin paneller tarzinda fabrikasyon
iiretimini ve daha biitiinlesik parcalarin santiyede montajin1 saglar. Hiicresel sitemlerde ise
yap1 tamamen ya da kismen fabrikasyon olarak iiretilip ¢ok kisa zamanda ve az iscilik ile
santiyede montajlanir. Boylece kontrollii, denetlenebilir ve yiiksek kalifiye is¢ilik ile standart
bir iiretim saglanmis oldugu gibi, hafif ¢elik yapilarin dezavantajlarindan olan santiyede
kalifiye iscilik gereksinimi azaltilmis olur. Ayni zamanda bu yontemde hafif ¢elik yapilarin en
onemli avantajlarindan biri olan ¢abuk insa 6zelligi artirilmistir. Tiim bu sistemler temelde,
ister fabrikada ister ise santiyede yapilmis olsun, dikme, kiris ve doseme elemanlarinin
olusturulup baglantilarinin saglanmasi ¢aligmalarina dayanir. Bu ¢alismada hafif celik yap1
sisteminin bu elemanlarinin yapilislari, gelistirilmis ahsap sistemlerle karsilagtirilip genis bir
literatiir taramasi ile ele alinarak, konuyla ilgili ek oneriler sunulmustur.

Anahtar kelimeler: Hafif ¢elik, tasiyici sistemler, gelistirilmis ahsap sistem, prefabrikasyon
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INVESTIGATION OF PILLAR, BEAM AND FLOOR WORKS IN LIGHT STEEL
SYSTEMS

Abstract

Light steel carrier systems show similarities with the improved wooden carrier systems.
Although there is a carcass system as the carrier system, dense pillars works as a part of the
panel element. Diagonals and yokes strengthen this relationship. Close beams also exhibit a
holistic plate behavior with the slab coverings between them. Therefore, the carcass frame
systems formed from rod elements under normal conditions are composed of panels and
plates in developed wood and light steel construction systems. Therefore, the carrier system
behavior also approaches masonry systems. Whether this unique system is made of light steel
or wood as the carrier system material, it requires skilled labor to create its connections.
Because, instead of a monolithic building style like reinforced concrete, it has a prefabricated
construction style like classic steel and classical wooden structures. All these situations have
their own advantages and disadvantages. Especially when it comes to light steel structures,
which is a technological production method, efforts to reduce the disadvantage of the
conditions and increase their advantage are important.

In this context, as with almost everything related to light steel, also the construction systems
have been developed to reduce the disadvantages and increase the advantages with the
technological possibilities. Linear construction methods, which are created by the assembly of
pillars and beams one by one, both increase the construction site works and the qualified
workmanship required in the construction site. Construction with panels reduces the amount
of on-site labor, allowing the fabricated production of elements in the style of panels and the
assembly of more integrated parts on site. In cellular systems, the structure is produced
completely or partially as fabrication and assembled on site in a very short time and with little
labor. In this way, a standard production is provided with controlled, auditable and highly
qualified workmanship, and the need for qualified workmanship at the site, which is one of
the disadvantages of light steel structures, is reduced. At the same time, in this method, rapid
construction feature wich one of the most important advantages of light steel structures has
been increased. All these systems are based on the creation and connection of pillar, beam and
floor elements, whether they are built in the factory or on the site. In this study, the
construction of these elements of the light steel structure system is compared with the
improved wooden systems and discussed with a wide literature review, and additional
suggestions on the subject are presented.

Keywords: Light steel, carrier systems, enhanced wooden system, prefabrication
1.Giris

Yap: teknolojisi, konvansiyonel, gelistirilmis konvansiyonel ve fabrikasyon teknolojiler
olarak iice ayrilabilir [1]. Konvansiyonel yontemler, el ve insan giicliniin santiyede
kullanildig1, hazir beton ya da pimapen pencere gibi fabrikasyon iiriinlerin ancak santiyede
yar1 kalifiye is¢ilik ve ustalik ile islenmesiyle yapiya katilabildigi, agirlikli olarak basit is
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makineleri ile ingaatin tamamlandig1 yontemlerdir. Gelistirilmis konvansiyonel yontemlerde
ise santiye daha orgiitlii bir calisma diizenine sahiptir. Tiinel ve kayar kalip yontemleri, beton
buhar kiirleme metotlar1 gibi teknikler yardimiyla daha hizli insaat yapilabilir. Kule vingler
gibi daha gelismis is makineleri ve ¢elik kaliplar gibi daha kalifiye destek malzemeleri
kullanilir. Hafif gelik tasiyict sistemli yapilarin da dahil oldugu fabrikasyon teknolojilerde ise
yapt tamamen ya da bliylik boliimler halinde, kontrolli bir siireg, kalifiye is¢ilik ve kaliteli
malzemeler ile standartlastirilmis ve kolay denetlenebilir bir ortamda yeni teknik gelismelerin
yardimiyla bitirilmis olarak santiyeye nakledilir ve genelde santiye ingaat siiresi kisa ve
etkindir.

2. Hafif Celik Tasiyic1 Sistemler

Hafif ¢elik tastyict sistemli binalarda deprem riizgar etkileri ve sabit hareketli yiikleri tagimak
amacityla sac profillerin giiclendirilmesi gerekir. Birlesim yerlerinde ek parcalar, diyagonaller,
doseme ve perdelerin kaplamalari, kendi fonksiyonlar1 yaninda, bu gii¢lendirme isini de
goriir. Birlesimler genellikle vidali olmakla birlikte, blonlu, civatali, sicak ya da daha ¢ok
soguk per¢inli veya kaynakli da yapilabilir. Vidalar 6zellikle hem delme hem de sabitleme
isini ayn1 anda yapabilecek sekilde tasarlanarak kullanilir ve béylece yapim hizi kazanilmig
olur [2]. imalat siras1 ve sekli gelistirilmis ahsap karkas sistemlere ¢ok benzer. Duvar sistemi
once doseme ftizerine konumlandirilan alt ray profillere dikmelerin montaji ile baslar.
Dikmeler arasina boyunduruk ve diyagonaller yerlestirilir. Ust ray profillerle birlestirilen
dikmelerle gerekli yalittm malzemelerinin ve duvar iki yiiziine yapilacak kaplamalarin
montaji sonucu duvar panelleri tamamlanmis olur. Kiris sistemli yalitim ve kaplamali doseme
plaklari, fabrikasyon birlesimli ¢ati makaslari ile yap1 tamamlanir. Doseme kirisleri arasinda
da boyunduruklar teskil edilir. Bosluk birakilacak yerlerde etrafinda cift kirisleme, pencere ve
kap1 bosluklar1 iistiinde lento gorevi goren rijit baslik kirisleri kullanilir. Mahyalarda ve
acikliklarda, i¢ ige gegirilmis profiller ile kapal kesitler olusturulabilir. Sistemde gerekli
yerlerde govde berkitmeleri seklinde birlesim gii¢lendirme levhalari kullanilir. Déseme ve
kirigleri yanlardan saran koruyucu yiizeyler olarak déseme- kiris kapaklart montajlanir (Sekil
1). Duvarlar ve dosemeler genelde 40, 50 ya da 60 cm aralikli dikme ve kiriglerden
miitesekkildir. Temel betonarmedir. Hafif ¢elik tasiyici sistemler bir iskelet sistem olsa da,
dikmelerin boyunduruk, diyagonal ve kaplamalar ile bir biitiin haline gelerek tasiyici duvar
olusturmalar1 nedeniyle, yigma yap1 davranisi da sergiler (Sekil 2).

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 116



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

Cat1 gergevesi

Kaplama
Mahya
Tavan kirigi Mgrtek
N\ ‘ Kiris kapag1
Govde
berkitmesi X

Dikme

Mertek- tavan

V‘ ‘ ; . . . . .

Bolici ic ' ! kirisi birlesimi

duvar . i ! B _

) uvar gercevesi
L |

Déseme kapagt s Il Duvar kaplamas1
Déseme kirisi ! “I“ ﬁ/“ A
RIS Lenio - Gift dilame

(/

A

Tastvict i¢ duvar Temel- duvar birlesimi

Déseme gergevesi Stirekli dikme ve Gergi

Boyvunduruk

Sekil 1. Hafif ¢elik yapi tasiyici sistemi [3] [4]

Sekil 2. Bitmis Hafif ¢elik yap1 ve hafif ¢elik
yapi yapim asamalar1 [5] [6]

Klasik ve hafif ¢elik sistemlerde fabrikasyon {iretim ve montaj esastir. Klasik ¢elikte, kalifiye
ve kontrollii ortamda olmasi amaciyla kaynak isleri genelde atlyede, bulonlama islemleri de
santiyede yapilir. Kaynak islerinin santiyede agirlik kazandigi insatlar da mevcuttur. Hafif
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celikte de, santiyede yapilacak kesme- delme islerinden, elemanin kalifiye ve denetimli
olmayan bir iscilikle zarar géormesini engellemek adina, kaginmak gerekmektedir. Zira hafif
celik elemanlar daha ince, narin ve hassas olup, kesit kayiplari daha biiylik sorunlar
dogurabilir. Ayrica 6zellikle su- neme karsit dayanikliligin yanlis miidahaleler ile azalmamasi
icin santiye islerini elden geldigince az olacak sekilde tasarlamak gerekir. Elemanlar tamamen
prefabrik olarak hazir olduktan sonra, santiyede Sadece montajlama islerini yapmakta fayda
vardir.  Celik yapr insasinda dogrusal, alansal ve hacimsel insa tarzlari uygulanabilir.
Elemanlar ¢ubuk eleman, panel eleman ya da yapmin hacimsel bir boliimii olarak prefabrik
sekilde tretilebilir . Benzer sekilde Hafif gelik insaatta da Lineer- dogrusal- gubuk elemanlar
olarak, alansal panel elemanlar olarak ya da hiicresel odalar olarak konut montajlanabilir.

Lineer Yapim sistemi, panel nakliyesinin zahmetli ve pahali oldugu zaman gegerlilik kazanir.
Santiyede malzeme, boy ve kesit olarak istenen 6zelliklerde hazirlanmis dikme ve kirisler
genelde vidalama yontemiyle montajlanir (Sekil 3, [7]). Bu sistem, projeye uygun olusturulan
profiller ile tek tek birlesim yapilir. Cergeveleri ¢ubuk elemnlardan olusturmaak igin baglanti
noktalarinda vida, bulon veya kaynak kullanilabilir. Genelde delici 6zellikte vidalar diger
birlesim araclarindan daha yaygin olarak kullanilir. Zorunlu durumlarda kaynaga bagvurulur.
Tastyic1 duvar olusturmak icin alt ve iist bagliklar, ray profili de denen U profilleri ile teskil
edilir. Bunlarin arasinda dikey olarak C ya da U profillerinden imal edilen dikmeler
tertiplenir. Boylece olusturulan duvarlar {izerine sabitlenen Kkirisler ile ddsemelerin
olusturulmasina gecilir. Yatay ve diisey elemanlarin stabilligi saglandiktan sonra duvar ve
doseme kaplamalari monte edilir.

Alansal sistemler, projede panellerin ¢esidi ve Olgiileri siirekli tekrarlanma durumunda ise
olduk¢a avantajli ve hizli bir inga saglar. Lineer yapim sistemine gore dort kat daha hizli
olabilir. Bu sayede santiyedeki hava durumlarindan da az etkilenir. Hafif celigin de
ozelliginden dolay1, ahsap elemanlarin aksine, depolanmalarinda kabarma- biiziilme- egilme
sorunlart bag gostermez (Sekil 4, [7]). Diyagonalli cergeveler halinde prefabrik olarak
hazirlanan duvarlarin santiyede sadece sabitlenip birlestirilmesi ve yalitim- yilizey kaplama
isleri yapilabilir. Istenir ise bunlar da prefabrik olarak hazirlanmis halde santiyeye getirilebilir.
Ayn1t durum, dosemeler i¢in de gecerlidir. Klasik ¢elikte, agirlik ebat ve nakliye
zorluklarindan dolay1 bu yontemin uygulanabilmesi hafif ¢elige gore daha zordur. Bu nedenle
modiiler birimler olarak da iiretilebilirler.

Hafif celik yapilarda hafif ¢eligin imkanlarindan dolay1 genis ve yiiksek hacimler yapmak
miimkiin olmadigindan elemanlar daha kiiciik ve hafiftir. Bu nedenle nakliye rahattir. En ¢ok
kullanilan yontem panel sistemdir. Aslinda tasiyici sistem c¢aligma prensibi takma ¢ikarma
yap1 olmasina ragmen yi1gma yapi prensibindedir. Panolarla yapim mimari tasarim esnekligini
kisitlasa da ingsa hizin1 artirir. Santiyede sadece montaj isleri olur. Ek olarak kesme,
bicimlendirme gibi islemlere gerek kalmaz. Istenirse panolar sadece bir yiizii bitmis olarak da
fabrikadan ¢ikarilabilir.
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Sekil 3. Cubuk (lineer, dogrusal) elemanlarla tasiyic1 sistem olusturma ve insaat
ornekleri [8] [9] [10] [11]
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Sekil 4. Izgara pano panel sistem uygulama ornekleri [9] [12] [8] [11]

Hiicre sistemler ile (Hiicresel Yapim Sistemi), prefabrik olarak iiretilen duvar ve doseme
diizlemsel elemanlar1 birlestirilerek hacimsel odalar olusturulur. Imkan varsa perefabrik
olarak tamamiyle bitirilmis konut santiyede direk olarak temele monte de edilebilir (Sekil 5,
[1]). Hacimsel boliimler ya da odalar halinde bitirilip santiyeye getirilen modiillerin her biri 3
boyutlu rijit ¢ergeveler ya da hiicreler seklindedir. Bir araya geldiklerinde tasiyici sistem
rijitligini kurgularlar. Bu sistemle, prefabrikasyon diizeyi yiizde yilize yakin seviyelere
getirilebilir. Prefabrikasyona genelde tesisatlar da dahildir. Fabrikada ya da sahada, ¢ok iist
diizey kalifiye is¢ilik ve uzmanlik gerektirir. Nakliye zorluklarini agsmak ve montajda ving
kullanmak gerekir. Hiicrelerin kaldirilip indirilmesi ve yerlestirilmesi sirasinda maruz
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kalacaklar1 ek gerilmelere karsi dikkatli olmak gerekir. Cogunlukla sabit ve rijit bir
planlamaya uyma zaruriyeti vardir. Bu sistemin ekonomik olmasi, ¢ok sayida seri iiretimin
yapilabiliyor olmasina baglhdir.

Sekil 5. Hafif ¢elikle modiiler (hiicresel) insa 6rnekleri [9] [13] [14]

Hafif celik konutlarda formlarin kara ve dikddrtgene yakin olmasi, tasiyici duvarlarin x ve y
yoniinde birbirine yakin oranlarda bulunmasi ve birbirini izlemesi tavsiye edilir. Sistem
tastyict duvarlardan olusur ve gecilebilecekler acikliklar klasik celik yapilara oranla ¢ok
kiigiiktiir. Klasik ¢elik yapilarda bolme duvarlar ile, genis agikliklar istenildigi gibi
boliinebilir. Klasik ¢elik yapilar ¢ergeve sistem olarak insa edilebildigi i¢in cepheler istenen
bosluk oranlarinda diizenlenebilmektedir. Hafif ¢elik konutlarda ise cephe duvarlar da tastyici
oldugundan bosluk oranlar1 kisitlidir (Sekil 6). Bosluk araliklar ile dikme araliklar1 uyumlu
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olmak zorundadir ve koselerde bosluk agmak 6zel islemler gerektirir. Cephe bosluklarinin
yliksekligi genislige oranla daha ¢ok olmali ve bant pencere tar1 bosluklar agilmamalidir.

Sekil 6. Hafif c¢elik
konutlarda, yigma
yapilar gibi, bosluk
oranlarimin az olmasi
gerekir [9].

3. Doseme imalati

Dosemeler, bilinen fonksiyonlarinin yaninda, ayn1 zamanda ses ve 1s1 yalitimi ve tesisat gegisi
icin hacim olusturan elamanlardir. Hafif ¢elik konutlarda, dosemeler farkli tarzlarda insa
edilebilir (Sekil 7). Kompozit formlarda hafif ¢elik doseme Kkirisleri lizerine levha iizerine
beton dokiilmesi ile doseme tertibi yapilabilir (Sekil 8). Bu sayede hem diisey, hem de beton
désemenin rijit diyafram seklinde calismasi sayesinde yatay yiikler, doseme kiriglerine
dengeli sekilde dagitilabilir. Ayrica dosemenin agir olmasi, hafif ¢elik konutlarda 6nemli bir
sorun olan vibrasyon etkilerini de azaltir. Ancak beton dokiimii, normalde kuru sistem olan
hafif ¢elik konut yapiminda tercih edilmeyebilir. Bu durumda genelde ahsap tiirlerinden bir
levha ile ses yaliim malzemeleri kullanilarak doseme imali yapilabilir (Sekil 9). Darbe ses
emilimi i¢in hal ve alt kege gibi uygulamalar da, i¢ yalitima ek olarak kullanilabilir [14].
Cogu durumda baca- sémine ya da merdiven i¢in doseme bosluklart agmak gerekir. Ancak
sistemin zayiflatilmamasi esastir. Bu nedenle giliclendirme amaciyla bosluk c¢evrelerinde cift
kirislemeler yapmak gerekir (Sekil 10) [7].

Dogeme kirigi-Ana kirig
birlegimi

Kirig kapadi i
Tesisat -\\\

Kaplama

Bindirme deligi

Konsol

Diogeme kirigi

= Govde berkitmesi
Sarekli kirig

Kasnak kirigi (en fazla 60cm)

Takviyeli dogeme kirigi

L Dodgeme kirigi-Temel duvar birlegimi
Capraz badlama

Kugaklama (en fazla 300cm)

Sekil 7. Hafif ¢elik sistemde doseme uygulamasi [15], [4]
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Sekil 9. Dosemede kuru sistem [14]
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Sekil 10. Doseme boslugu acilmasi ve temele oturan doseme [16] [17] [18]

Zemin katlarin dosemesi tist katlarda oldugu gibi ve aynmi siralama ile yapilabilir. Konut
tastyici sistemi bittikten sonra yaapiy aigten yerlestirilerek de yapilabilir. Bu durumda yapim
asamasinda hava kosullarinin zararlh etkilerinden korunmusg olur. Zemin kat déseme kirisleri,
duvr alt1 temellerin arasindaki acikliklara yapilabilir. Cok sayida ayak iizerine oturtulup daha
kisa ve kiiglik kesitli de yapilabilir [17]. Bu ingsa metodlari, gelistirilmis ahsap sistemler ile
aymdir. iki sistemde de ddseme kirisleri 40 ile 60 cm aaraliklar ile diizenlenir. Arakat
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dosemeleri ise mesnetlendikleri duvarlarin dis ya da ig, yiik tagiyan ya da tasimayan olmasina
gore farkl birlesimler ile detaylandirilir (Sekil 11)
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iC DUVAR ; 3
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Sekil 11. Gelistirilmis ahsap yapida ara ve giris kat dosemeleri ile dis duvar baglantisi
[17]

Zemin kat dosemesine yaastiklaama yaptiktan sonra duvar alt bashi@ini olusturacak ray
profilleri monte edilir. Yastiklama, duvar panellerini diizgiin yerlestirmeye ve riizgar ytklerini

zemine iletmeye yarar (Sekil 12) Yastiklama kalinligina, yalittim ve déoseme panel kalinligina
gore karar verilir [19].
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Sekil 12. Yastiklama baglantilar: [17] [18]
4. Kiris imalati

Hafif ¢elik tasiyici sistemlerde kirisler, doseme iskeletini olusturur. Ug bolgelerinde yanlarina
yiik ve rijitlik kapasitelerini artirmak, kesme kuvvetlerini karsilamak amaciyla kdsebent ve
berkitme aparatlar1 koyulur (Sekil 13) [7]. Ddseme Kkirislerinin gececekleri agikliklar
kesintisiz olarak gegmeleri esastir. Kirislerin eklenmelerini tastyici duvarlar iizerinde yapmak
gerekir. Kiriglerin 3,7 m.” den genis agiklik gegmeleri durumunda, stabiliteyi saglayict
caprazlama, kusaklama ve boyunduruk gibi elemanlar kullanilmalidir. Bunlar, kirislere dik
yerlestirilir. Kiris alt ve {ist basliklari ile irtibatli olmas1 gereken bu elemanlara yanal stabilite
baglantilar1 denir (Sekil 14) [15].

Giwde berkitmesi — "'-,_ Kirig kapai

Y Giwde berkitmesi

N Dazeme
kirisi Ternel duwan )

Calik plaka

(et baghk

Taziyict dikme Fokraj bulony

- Kiriz kapafi - st bashik bidesimi III_ Kigebent

Sekil 13. Déseme Kirislerinin temele ve tasiyici i¢ duvara oturmasi [15].
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Sekil 14. Kosegen capraz koprii bagi, masif boyunduruk sabitleyici, bant sabitleyici [15]
[16]

Dosemeyi olusturan kirisler, bina kenarlarinda en ¢ok 61 cm. uzatilarak konsol olusturulabilir.
Konsol olusturacak kirislerin, sirt sirta vermis veya kutu kesit olusturmus sekilde tertip edilen
cift profillerden insas1 gerekir (Sekil 15 ve 16) [15].

Kiriz kapaq
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Sekil 15. Temel duvarina oturan konsol ve doseme Kirisleriyle takviyeli konsol [15]
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Sekil 16. Hafif celik ve gelistirilmis ahsap sistemlerde arkat konsol désemesi ile dikme ve
yatay eleman bagi [18] [16] [17]
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Biiytik acikliklr kirisler egilme diizlemlerine dik yonde yatay zorlanma ve o6zellikle hareketli
yikler etkisiyle dosemede titresim olusturma egiliminde olduklarindan, mutlaka
rijitlestirilmek ve hareketlerinin kisitlanmasi yoluyla stabillestirilmek zorundadirlar. Maruz
kaldiklar1 déseme yiiklerinin birden ¢ok kirise yayilmasi amaciyla kirisler arasina stabilite
cubuklarinin yerlestirilmesi gereklidir. Bu ¢ubuklar, gelistirilmis ahsap sistemlerde de benzer
sekilde yerlestirilir [3, 16, 17].

Kosegen kopriilleme yontemiyle celik ¢ubuk veya serit elemanlar c¢iftli ¢aprazlar oalrak
kirisler arasina sabitlenir. Masif sabitlemede, kullanilacak masif eleman, kiris ytliksekliklerini
tam olarak tutan, dikme, kirig vb. elemanlardan kesilmis bir parca olabilir. Bu eleman kirigler
arasina sikisacak sekilde yerlestirilir ve her iki ucundan tutturulur. Diiz bant ve masif
sabitlemede, masif elemanlarla g¢elik bant seritler birlikte kullanilarak dosemelere yanal
destekleme yapuilir.

5. Dikme imalat1

Dikmeiskeletleri, duvarin asil tasiyici elamanalridir. Genelde 40 ila 60 cm araliklar ile
diizenlenir. Hem diisey hem de yatay yiiklere karsilik verirler. Ayni zamanda duvarin i¢ ve dig
kaplamalarinin monte edilebilmesi i¢in yiizey olustururlar [17, 18]. Alt ve st bagliklar
dikmeler ile ayn1 kesit alanlarina sahip olabilirler.Duvar kaplamalarin alt ve iist birlesimleri,
alt ve iist duvar basliklarina yapilir. Dikmeler ve doseme kirisleri, akslari birbiri ile kesisecek
sekilde tertiplenerek ¢erceve olusturacak tarzda birlestirilmelidir. Dikmelerin ist bagliginin
cift baslik seklinde yapilmasi, 6zellikle dikmeler ile kesismeyen dikmeler arasi ara kiriglerden

gelen yiiklerin dikmeler arasindaki bolgede diizgiin olarak dagitilmasini saglar.

6. Sonuclar

Hafif ¢elik sistemler, ister lineer yontem, ister panel sistem ya da isterse hiicresel modiiler
birlesim olsun, temelde ¢ubuk elemanlarin sik araliklar ile yatayda ve diiseyde kullanimi ile
olusturulur. Cubuk eleman profillerine verilecek degisik formlar iizerinde caisilarak rijitlik ve
dayanim artis1 saglamak, malzeme kalitesini ve kalinligini degistirmeden de miimkiindiir.
Ayrica yatay ve diisey elemanlarin dogrultularini ¢esitlendirerek, yatay ve diisey yiiklere karsi
yiiksek rijitlik diizeyleri elde etmek iizerine ¢caligmalar yapilabilir. Eleman baglanti1 araglar1 ve
degerler elde etmek miimkiindiir. Ozellikle hafif celik sistemler gibi standart, denetlenebilir,
fabrikasyon ve seri iiretime uygun insa tarzlarinda yeni caligmalar ile daha biiyiik ivme
kazanmak kolaydir. Hafif c¢elik malzemesi iizerine yapilacak caligmalarla birlikte bu tiir
caligmalara da agirlik verilerek hafif ¢elik sistemlerin gelistirilmesi, daha genis ve yiiksek
hacimlerin hafif ¢elik ile insasin1 zaman i¢inde miimkiin kilabilecektir.
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OZET

Son yillarda kentlesme oraninin artmasiyla beraber evsel nitelikli atiksular, ¢evre kirliliginin
ortaya ¢ikmasinda rol oynayan Oonemli sebeplerden biri haline gelmistir. Su kaynaklarinin
varlig1, yasam standartlari, toplumlarin aligkanliklari, ekonomik kosullar, iklim, egitim diizeyi,
vb. birgok faktor kisilerin giinliik su ihtiyaclarinin farkli olmasina neden olmaktadir. Ozellikle
sanayi devriminden bu yana kentlesme, endiistriyel ve tarimsal faaliyetlerle birlikte suya olan
talep artmis aym zamanda da mevcut temiz su kaynaklari bu faaliyetlerle kirletilerek
kullanilamaz hale gelmistir. Evsel, endiistriyel, tarimsal ve diger kullanimlar sonucunda
kirlenmis veya 0zellikleri kismen veya tamamen degismis sulara atiksu denilmektedir. Kentsel
atiksu aritma tesisleri bu kirliligi engellemek i¢in yapilmis, evsel nitelikli atiksularin
aktarilacag alic1 ortama varmadan dnce zararl etkilerini engelleyen veya olabilecek en diislik
seviyeye indiren tesislerdir.

Bu galismada Kiziltepe Ileri Biyolojik Atiksu Aritim Tesisi’nde 8 ay boyunca giinliik tesis giris
ve ¢ikigindan alinan 24 saatlik kompozit numuneler, TN (Toplam Azot), NH*4-N (Amonyum
Azotu), NO3-N (Nitrat azotu) ve TP (Toplam Fosfor) igin analiz edilip tesisin giderim
verimliligi gézlenmistir. Elde edilen sonuglara gore aritma tesisinde ortalama %80,38 TN ve
%72,58 TP giderimi saglanmaktadir.

Mardin Su ve Kanalizasyon Idaresi Genel Miidiirliigii kontroliindeki Kiziltepe Ileri Biyolojik
Atiksu Aritma Tesisleri’nin desarj limitleri Kentsel Atiksu Aritma Yonetmeligi'ne gore
degerlendirilmektedir. Atiksu kirletici parametreleri ve tesis performansi bu yonetmelik ve
proje raporundaki hedefler baz alinarak yapilmistir. Her bir parametre i¢in aylik ortalama deger
alinarak ve Kentsel Atiksu Aritma Yonetmeligi'ne uygunluguna bakilarak isletme verimliligi
incelenmistir.

Anahtar Kelimeler: Atiksu Aritma, toplam azot, toplam fosfor

1. GIRIS

Atiksular, insanlarin farkli maksatlara yonelik olarak kullanip kirlettikleri sular olup, evsel,
endiistriyel, yeralti, ylizeysel ve yagmur suyu gibi sularin bilesiminden olugmaktadir. Evsel
atiksularin yaklasik %95-99°u su olup %1-5’lik kismi organik ve inorganik maddeleri ihtiva
eder [1]. Atiksuyun karakterizasyonu Gorsel 1°de verilmistir.
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Gorsel 1. Atiksuyun Karakterizasyonu [2]

Evsel atiksularin rengi genellikle a¢ik kahverengimsi gridir ve kendine has bir kokusu vardir.
Taze atiksu bulanik olup biiytiklii kii¢iiklii yiizen veya askida kat1 maddeler ve koloidal yapida
cok kiigiik katt maddeler igerir. Fiziksel olarak arzu edilmedigi gibi icerdigi patojen
organizmalar nedeniyle oldukca tehlikelidir. Kanalizasyonda kalma siiresinin artmasi ve
anaerobik sartlarin gelismesiyle atiksuyun rengi koyu griye ve daha sonra siyaha dogru
degisebilir. Siyah renk atiksuyun anaerobik hala geldiginin en énemli gostergesidir. Bu renk
anaerobik sartlarda olusan siilfiir formlarinin atiksudaki metallerle reaksiyona girmesi ile
olusan metalik siilflirlerden kaynaklanir. Sicak iklimlerde evsel atiksular ¢dziinmiis oksijen
igerigini ¢abuk kaybeder ve bdylece septik hale gecer. Septik atiksu kotii bir kokuya sahip olup
bunun da en 6nemli kaynag1 hidrojen siilfiirdiir. Hidrojen siilfiirden kaynaklanan ¢iiriik yumurta
kokusu ve merkaptanlar septik atiksularin ayirt edici 6zelligidir. Evsel atiksularin sicakligi
cografi bolgeye ve mevsime bagli olarak 10-21 °C arasinda degisir. Onemli miktarda
endiistriyel atiksu icermiyorsa yogunlugu ayni sicakliktaki suyun yogunluguna yakindir [1].

Evsel atiksularin &zelliklerini belirleyen fiziksel, kimyasal ve biyolojik bircok bilesen
bulunmaktadir. Cizelge 1°de evsel atiksu bilesenleri birlikte gosterilmistir [3].

Cizelge 1. Evsel atiksuyun fiziksel, kimyasal ve biyolojik bilesenleri

Fiziksel Kimyasal Bilesenler Mikrobiyal
Ozellikler Organikler Inorganikler Gazlar Ozellikler
Renk Karbonhidratlar Alkalinite Metan Canli Hiicreler
Koku Yag ve Gres Kloriirler Oksijen Bitkiler
Toplam Kat1 Pestisitler Agir Metaller Hidrojen Tek Hiicreliler
Madde Siilfiir
Sicaklik Fenoller Azot Viriisler
Proteinler pH
Yiizey Aktif Fosfor
Maddeler
Stlfiir
Toksik Bilesenler
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Evsel atiksu aritma sistemleri karbonlu organik maddenin giderilmesine yonelik olarak
tasarlanmaktadir. Ancak alict su ortaminda 6trifikasyonun ve kirliligin artmasi sonucu atiksu
desarjinda 6zellikle hassas bolgeler icin daha siki desarj limitleri getirilmistir. Ozellikle azot ve
fosfor parametrelerinin Oncelikle kontrol edilmesi gerekmektedir [4]. Azot ve fosfor
elementleri, mikroorganizmalarin biiyiimesi icin ¢ok gereklidir. Bunlara besi elementleri
(niitrient) denir. Azot, proteinlerin sentezi i¢in temel yapi tast oldugundan, atiksularin biyolojik
yollarla tasfiyesinde azot konsantrasyonunu bilmeye ihtiyag vardir [5]. Azot ve fosfor
bilesenleri amonyak azotu (NH¥s-N), nitrat azotu (NO3-N), ve fosfat fosforu (POs-P)
mikroorganizma faaliyetleri agisindan izlenmesi gereken azot-fosfor tiirevi parametrelerdir [4].
Suyun azot miktar1 az ise, tasfiye i¢in disaridan azot eklenmesi gerekebilir. Aksine, eger,
ylizeysel sulara verilen atiksu desarjlar1 nedeniyle olusan alg ve yosunlarinin kontrolii istenirse,
alict ortamlara verilmeden Once, azotun uzaklastirilmasina veya miktarinin azaltilmasina
ithtiyac vardir. Genellikle atiksularda azot, esas itibariyle proteinli maddelere ve lireye bagl
olarak bulunur. Bu maddelerin ayrigmasi ile azot, amonyaga doniigiir. Atik suyun tazelik
derecesi, amonyak miktari ile olciiliir [6].

Alg ve diger mikroorganizmalarin ¢ogalmasi bakimindan fosfor da 6nemlidir. Sularda fosfor
fosfat olarak bulunur. Evsel atiksular genellikle fosfor bilesiklerince zengindir. Son yillarda
deterjan yapiminda, katki maddesi olarak fosfat ve polifosfat bilesikleri, biiyiik miktarlarda
kullanilmaktadir. Bu maddelerin yaklasik %12-13"iiniin fosfor ve fazlasinin polifosfat oldugu
diisiiniiliirse, sentetik deterjan tiiketiminin artisi ile birlikte ylizeysel sulara fosfor desarji da
artis gostermigstir. Genellikle evsel atiksularda 4-15 mg/L civarinda fosfor bulunur [5].

Bu galismada Kiziltepe Ileri Biyolojik Atiksu Aritim Tesisi’nde 8 ay boyunca giinliik tesis giris
ve ¢ikigindan alinan 24 saatlik kompozit numuneler, TN, NH*4-N, NO3-N ve TP igin analiz
edilip tesisin giderim verimliligi gézlenmistir.

2. MATERYAL VE METOT

Bu galisma kapsaminda uygulama alani olarak segilen Giiney (Kiziltepe) Ileri Biyolojik Atiksu
Aritma Tesisi Mardin merkezine 27 km mesafededir. Tesis, fiziksel aritma, biyolojik nutrient
giderimi ve ¢amur ciiriitme ile biyogaz eldesi yogunlastirma-susuzlastirma bdliimlerinden
olusmaktadir.

TN, NH'4-N, NO3-N ve TP analizleri hazir kitler ile spektrometrik metot yontemiyle
yapilmistir. TN girig suyu i¢in LCK 338 20-100 mg/L TNb, TN ¢ikis suyu i¢in ise LCK 138 1-
16 mg/L TNp, amonyum azotu tayini i¢gin LCK 304 0.05-2.000 mg/L NH"¥s-N ve nitrat azotu
tayini i¢in LCK 339 0.23-13.50 mg/L NO3-N hazir test kitleri kullanilmistir. TP giris suyu igin
LCK 350 2-20 mg/L PO4-P, 6-60 mg/L PO4 ve TP ¢ikis suyu i¢in LCK 348 0.5-5.0 mg/L POs-
P, 1.5-15.0 mg/L PO4hazir test kitleri kullanilmistir. Tiim test kitleri ‘Hach DR 3900’ markali
spektrofotometreye yerlestirilip sonuglar okunmustur.

3. BULGULAR VE TARTISMA

Kiziltepe Ileri Biyolojik Atiksu Aritim Tesisi’nde 8 ay boyunca giinliik TN ve TP parametreleri analiz
edilip gozlenmistir. Mardin Su ve Kanalizasyon Idaresi Genel Miidiirliigii kontrolliigiindeki
tesisin desarj limitleri 08.01.2006 tarih 26047 sayil1 Kentsel Atiksu Aritma Ydnetmeligi'ne gore
degerlendirilmistir. Atiksu kirletici parametreleri ve tesis performansi bu yonetmelik ve proje
raporundaki hedefler baz alinarak yapilmustir. Kiziltepe Ileri Atiksu Aritma Tesisi'nin giris ve
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¢ikis sularindan 2018 yilinin Eyliil ayindan 2019 yilinin Nisan ayina kadar giinliik alinan 24
saatlik kompozit numuneler analiz edilmis olup giinliikk yapilan analiz sonuglarinin aylik
ortalama degeri alinarak verimliligi g6zlenmistir. TN, NH*s-N, NO3-N ve TP igin aylhk
ortalama degerler asagida sirasiyla verilmistir.

3.1. Toplam Azot (TN) Aritim Verimi

Cizelge 3. Aritma tesisi giris ve cikis suyu TN konsantrasyonlari

Tarih Giris TN Cikis TN Verimlilik  Desarj Limit  Min. Aritma

degeri (mg/L) degeri (mg/L) (%) Degeri (mg/L)  Verimi (%)
Eyliil 2018 63.99 7.31 88.12 10 70
Ekim 2018 75.24 6.48 90.99 10 70
Kasim 2018 48.77 9.98 79.49 10 70
Aralik 2018 46.74 9.36 80.05 10 70
Ocak 2019 49.32 13.46 1G2.47 10 70
Subat 2019 52.53 13.38 73.09 10 70
Mart 2019 54.60 10.25 80.88 10 70
Nisan 2019 59.35 12.86 77.95 10 70
Ortalama 56.32 10.39 80.38 10 70

Cizelge 3 incelendiginde, ¢ikis suyu TN konsantrasyonlarinin desarj limiti olan 10 mg/L'nin
Eylil 2018, Ekim 2018, Kasim 2018 ve Aralik 2018 aylarindaki ortalama degerin altinda
kaldig1 goriilmektedir. Ocak 2019, Subat 2019, Mart 2019 ve Nisan 2019 aylarmdaki ortalama
deger desarj limitini saglamadigi goriilmektedir. Desarj limitini asmast iki nedene
baglanmaktadir. Birinci neden, giris toplam azot miktarmin dizayn kriteri olan 42 mg/L’yi
asmast, ikinci neden ise, nitrifikasyonun ger¢eklesememesinden kaynakli ¢ikis azotunun desar;j
limitini agmasi olarak gézlenmektedir. Toplam azot 10 mg/L desarj limit simirin1 saglamadigi
zaman nitrat azotu (NO3-N) ve amonyum azotu (NH"4-N) analizleri yapilmaktadir. Bu analizler
nezdinde toplam azotun yiikselmesinin nedenleri bulunmaktadir. Nitrat azotu (NO'3-N) ve
amonyum azotunu (NH4-N) atiksu aritim tesisinin ¢ikis suyundan numune alinarak analizleri
degerlendirilip detaylandirilmaktadir.

TN giris degerinin en yiiksek oldugu ay 75.24 mg/L ile Ekim 2018 en diisiik oldugu ay ise 46.74
mg/L ile Aralik 2018, TN c¢ikis degerinin en yiiksek oldugu ay 13.46 mg/L ile Ocak 2019 en
diisiik oldugu ay ise 6.48 mg/L ile Ekim 2018 olarak ol¢iilmiistiir. 8 aylik ortalama TN giris
konsantrasyonu 56.32 mg/L, ¢ikis konsantrasyonu ise 10.39 mg/L'dir.

Kentsel Atiksu Aritimi Yonetmeligi'ne gére TN parametresi icin minimum aritma verimi %70
olmalidir. 8 aylik ortalama TN verimliligi %80.38’dir. TN verimliliginin en diisiik oldugu ay
%72.47 ile Kasim 2018 en yiiksek oldugu ay ise %90.99 ile Ekim 2018 olarak hesaplanmistir.
8 ay boyunca TN giderim veriminin yonetmelige uygun oldugu goriilmektedir.

Ocak 2014 - Haziran 2015 tarihleri arasinda Taskoprii Atiksu Aritma Tesisi'nin giris ve ¢ikis
sularindan alinan 2 saatlik kompozit numuneler ile TN verimlilik analizleri yapilmstir [7]. 18
ay boyunca yapilan analizlerin aylik ortalamalarimin TN giris degerleri maximum 69 mg/L,
minimum 18.5 mg/L ve ortalama 40.7 mg/L degerlerini bulmustur. TN ¢ikis suyundan alinan
numune degerleri ise maximum 21.7 mg/L, minimum 1.56 mg/L ve ortalama 9 mg/L degerlerini
bulmustur. Bu analizlere gore 18 aylik TN giderim verimi; minimum %36, maximum %97.2
ve ortalama %76.4’dir. Yapilan ¢alismanin desarj limitinin altinda oldugunu gostermekte olup
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Kentsel Atiksu Aritimi Yonetmeliginin desarj limitine uygunlugunu goézlemlemistir. Desarj
standartlarinin saglanmadigi aylarda neden olarak sicakligin diisiik olmasiyla agiklamistir.
Minimum verimin hesaplandig1 Agustos ayindaki %36’lik verimin nedeni ise kirlilik yiikiiniin
diisiik olmasi ile agiklanmistir. Kis aylarinda verimin diisiik olmasinin nedeni olarak ise
denitrifikasyon prosesi i¢in gerekli alikonma siiresi gosterilmektedir.

3.2. Amonyum Azotu (NH*s-N) Aritim Verimi

Cizelge 4. Cikis suyu NH";-N konsantrasyonlari

Tarih Cikis TN Cikis NH*4-N  Desarj Limit Degeri

degeri (mg/L) degeri (mg/L) (mg/L)
Kasim 2018 13.00 7.61 0.5
Aralik 2018 13.06 7.76 0.5
Ocak 2019 16.88 10.97 0.5
Subat 2019 14.90 9.45 0.5
Mart 2019 11.62 6.64 0.5
Nisan 2019 13.94 6.53 0.5
Ortalama 13.90 8.16 0.5

Cikis toplam azotun 10 mg/L’yi agsamasi durumunda amonyum azotu ve nitrat azotu analizleri
yapilmistir. Cizelge 4’te toplam azontun 10 mg/L’yi astig1 gilinlerdeki bir aylik ortalamasi
alimmistir. Buna karsilik toplam azotun desarj limitini astig1 giinlerde amonyum azotunun
analizlerinin aylik ortalamasi da verilmistir.

Cizelge 4 incelendiginde amonyum azotunun desarj limiti olan 0.5 mg/L’yi astig1 gozlenmistir.
Bu durum nitrifikasyonun tamamen gerg¢eklesememesinden kaynaklanmaktadir. Nitrifikasyon
mevcut amonyum iyonlarin1 nitrosomones ve nitrosococcus bakteri tiirleri tarafindan
oksitlenerek 6nce nitrit (NO2) sonra nitrata (NOs) daha sonra nitrat i¢indeki oksijen bakteriler
tarafindan anoksit kosullarda N2 gazina doniistiirmektedir.

3.3. Nitrat azotu (NO3-N) Aritim Verimi

Cizelge 5. Cikis suyu NO'3-N konsantrasyonlari

Tarih Cikis TN Cikis NO3-N  Desarj Limit Degeri

degeri (mg/L)  degeri (mg/L) (mg/L)
Kasim 2018 13.00 418 5.0
Aralik 2018 13.06 4.06 5.0
Ocak 2019 16.88 453 5.0
Subat 2019 14.90 411 5.0
Mart 2019 11.62 3.82 5.0
Nisan 2019 13.94 3.55 5.0
Ortalama 13.90 4.04 5.0

Cizelge 5’te toplam azotun 10 mg/L’yi asti1 glinlerdeki bir aylik ortalamasi1 alinmistir. Buna
karsilik toplam azotun desarj limitini astigi gilinlerdeki nitrat azotunun analizlerinin aylik
ortalamasi da verilmistir. Cizelge 5 incelendiginden nitrat azotun desarj limiti olan 5.0 mg/L’yi
asmadig1 gézlenmistir.

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 133



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

Nitrat azotunun (NO73-N) 5.0 mg/L’yi astiginin gézlemlenmesi; havalandirma havuzundaki
oksijen miktarinin yiikseldiginin gostergesidir. Oksijen miktarinin yiiksek olmast durumunda
bakteriler nitrat (NOs) iyonu igindeki oksijeni tiiketmek yerine suda bulunan serbest oksijeni
tiikketecektir. Nitrat azotunun 5.0 mg/L’yi asmasi durumunda havalandirma havuzuna oksijen
veren blowerlarin herzi distiriilmelidir.

3.4. Toplam Fosfor (TP) Arittim Verimi

Cizelge 6. Aritma tesisi giris ve cikis suyu TP konsantrasyonlari

Tarih Giris TP Cikis TP Verimlilik  Desarj Limit  Min. Aritma

degeri (mg/L) degeri (mg/L) (%) Degeri (mg/L)  Verimi (%)
Eyliil 2018 15.71 3.01 78.75 1 80
Ekim 2018 15.59 3.18 78.45 1 80
Kasim 2018 12.68 3.82 67.75 1 80
Aralik 2018 5.97 2.60 53.36 1 80
Ocak 2019 10.30 2.58 69.19 1 80
Subat 2019 15.51 3.55 75.61 1 80
Mart 2019 20.53 3.33 83.09 1 80
Nisan 2019 19.52 3.81 74.46 1 80
Ortalama 14.48 3.24 72.58 1 80

Cizelge 6 incelendiginde, ¢ikis suyu TP konsantrasyonlarinin 8 ay boyunca desarj limiti olan 1
mg/L'nin istinde kaldigi goriilmektedir. TP ¢ikis suyu konsantrasyonlarinin Kentsel Atiksu
Artim1  YOnetmeligi desarj limitine uygun olmadigi gozlenmistir. Desarj limitini
saglamamasinin 3 ana temel nedeni vardir; birinci neden tesise gelen giris yiiklerinde fosfor
miktarinin dizayn kriteri olan 9 mg/L ¢ok iistiinden olmasi bununda nedeni tarimsal alanlarda
kullanilan giibrenin i¢inde bulunan fosforun yagmur sulariyla yikanarak tesise ulasmasi, ikinci
neden yetersiz demir 3 kloriir kullanimu, liclince neden ise azalan oksijenle ¢okeltme havuzunda
anaerobik ortam olusumundan bakteriler blinyelerindeki fosforu suyu salmalarindan dolay1
giderim saglanamamasidir.

TP giris degerinin en yiiksek oldugu ay 20.53 mg/L ile Mart 2019 en diisiik oldugu ay ise 5.97
mg/L ile Aralik 2018, TP ¢ikis degerinin en yiiksek oldugu ay 3.82 mg/L ile Kasim 2018 en
diisiik oldugu ay ise 2.58 mg/L ile Ocak 2019 olarak ol¢iilmiistiir. 8 aylik ortalama TP giris
konsantrasyonu 14.48 mg/L, cikis konsantrasyonu ise 3.24 mg/L'dir.

2018 yilinm Eyliil ayindan 2019 yilinin Nisan ayina kadar Kiziltepe Ileri Atiksu Aritma
Tesisi'nin TP giderim verimlerindeki degisim ve hedeflenen aritma verimi gosterilmektedir.
Kentsel Atiksu Aritimi Y6netmeligi'ne gore TP parametresi i¢in minimum aritma verimi %80
olmalidir. Cizelge 6 incelendiginde 8 ay boyunca TP giderim veriminin yeterince demir 3 Kloliir
kullanilmadig1 i¢in Mart ay1 disinda yonetmelige uygun olmadigr goriilmektedir. Mart ayinda
tesis giris yiiklerinin yiiksek olmasindan dolay1 aritim verimini sagladigi, desarj limitini ise
saglamadig1 goriilmektedir.

Ocak 2014 - Haziran 2015 tarihleri arasinda Taskoprii Atiksu Aritma Tesisi'nin giris ve ¢ikis
sularindan alinan 2 saatlik kompozit numuneler ile TP verimlilik analizleri yapilmstir [7]. 18
ay boyunca yapilan analizlerin aylik ortalamalarinin TP giris degerleri maximum 17.48 mg/L,
minimum 1.78 mg/L ve ortalama 4.8 mg/L degerlerini bulmustur. TP ¢ikis suyundan alinan
numune degerleri ise maximum 2.31 mg/L, minimum 0.10 mg/L ve ortalama 1.2 mg/L
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degerlerini bulmustur. Bu analizlere gore 18 aylik TP giderim verimi; minimum %13.2,
maximum %98.4 ve ortalama %66’dir. Toplam fosforun desarj standartlarini saglamadigini iki
nedenle acgiklamistir. Birinici neden; hesaplanan proje kirlilik yiikii ile tesis girig yiiklerinin
arasinda fark olmasi, projede hesaplanan kirlilik yiikiine yakin degerler bulundugunda giderim
veriminin standartin1 sagladigini 6ngérmiistiir. Toplam fosfor kirlilik yiikiiniin 18 aylik
ortalamadan proje kirlilik yikiiniin altinda kaldigi i¢in aritim verimini saglamadigin
belirtmistir. ikinci neden ise; giris suyundaki besi maddelerinin diisiik olmasi ile aktif camur
sistemindeki besi maddelerini tiiketen bakteriler birbirini tiiketmeye baslayarak oksijen
tilketimi artmaktadir. Azalan oksijenle ¢okeltme havuzunda anaerobik ortam olusumundan
bakteriler biinyelerindeki fosforu suyu salmalarindan dolayr giderim verimini saglamadigin
belirtmistir.

“Mevcut Atiksu Aritma Tesislerinin Fosfor Giderimi Igin Rehabilitasyonunda
Seceneklerin Degerlendirilmesi” tez konulu ¢aligmasinda; 10 farkli atiksu aritim tesisinde
mevsimsel olarak TP verimini gézlenmistir [8]. En diisiik verimlilik genel olarak kis aylarinda
yasanmis olup en diisiik verim Izmir-Cigli atiksu arttim tesisinde %36 olarak gozlenmistir.
[zmir-Cigli AAT de verimin diisiik olmasinin sebebi olarak anaerobik tanka nitrat girisimi ve
dizayn degerlerinin iizerinde TP girisi gosterilmektedir. En yiiksek verim ise genel olarak
sonbahar aylarinda yasanmis olup en yiiksek verim Kayseri atiksu aritim tesisinde %93 olarak
gozlenmistir.

4. SONUC

TN parametresinin 8 aylik ortalama giris degeri 56.32 mg/L ¢ikis degeri ise 10.39 mg/L’dir. 8
aylik ortalama TN konsantrasyonun verimliligi %80.38 olarak hesaplanmistir. Bu verilere gore,
TN parametresi bazi aylar da desarj limitini sagladigi goriilmektedir. TN parametresinin Eyliil
2018, Ekim 2018, Kasim 2018 ve Aralik 2018 aylarindaki ortalama desarj limiti olan 10
mg/L'nin altinda kaldigindan tesisin isletiminde herhangi bir sorun goriilmemektedir. Ocak
2019, Subat 2019, Mart 2019 ve Nisan 2019 aylarindaki ortalama deger desarj limitini
saglamadig1 goriilmektedir. Desarj limitini agmasi iki nedene baglanmaktadir. Birinci neden,
giris toplam azot miktarmin dizayn kriteri olan 42 mg/L’yi asmasi, ikinci neden ise,
nitrifikasyonun gergeklesememesinden kaynakli ¢ikis azotunun desarj limitini agmas1 olarak
gozlenmektedir. Toplam azot 10 mg/L desarj limit sinirin1 saglamadigi zaman (NO73-N) ve
(NH4-N) analizleri yapilmaktadir.

Cikis toplam azotun 10 mg/L’yi asamasi durumunda amonyum azotu ve nitrat azotu analizleri
yapilmistir. Kasim 2018, Aralik 2018, Ocak 2019, Subat 2019, Mart 2019 ve Nisan 2019 bu
aylar da ¢ikis toplam azotu 10 mg/L’yi asmistir. Bu aylarin ¢ikis toplam azot ortalamasi 13.90
mg/L, cikis amonyum azot miktar1 8.16 mg/L ve c¢ikis nitrat azotu 4.04 mg/L olarak
Ol¢iilmiistiir. Bu verilere gore, . amonyum azotunun desarj limiti olan 0,5 mg/L degerinden
yiiksek oldugu goriilmektedir. Amonyum azotunun yiiksek olmasi nitrifikasyonun tamamen
gerceklesemediginin gostergesidir. Nitrifikasyonun gergeklesememesinin en biiyiik nedeni
oksijen miktarmin yetersizliginden kaynaklanmaktadir. Oksijenin az olmasi durumunda
amonyum biiyiik oranda oksitlenip nitrata (NO3) doniisememektedir. Havalandirma havuzuna
oksijen veren blowerlarin herzi artirilmali, yetersiz kalmasi halinde ikinci blower devreye
alimarak uygun oksijen ile nitrifikasyonun olusumunu saglaylp azot giderimi

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 135



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

gerceklestirilmelidir. Nitrat azotunun ise desarj limiti olan 5 mg/L’yi agsmadig1 gozlenmistir.
Nitrat parametresi ac¢isindan tesisin isletiminde herhangi bir sorun goriilmemektedir.

TP parametresinin 8 aylik ortalama giris degeri 14.48 mg/L ¢ikis degeri ise 3.24 mg/L’dir. 8
aylik ortalama TP konsantrasyonun verimliligi %72.58 olarak hesaplanmistir. Bu verilere gore,
TP ¢ikis suyu konsantrasyonlarinin Kentsel Atiksu Aritimi1 Yonetmeligi desarj limitine uygun
olmadig1 gézlenmistir. Desarj limitini saglamamasinin 3 ana temel nedeni vardir; birinci neden
tesise gelen giris yiiklerinde fosfor miktarinin dizayn kriteri olan 9 mg/L cok iistiinden olmasi,
bunun da nedeni tarimsal alanlarda kullanilan giibrenin i¢inde bulunan fosforun yagmur
sulartyla yikanarak tesise ulagmasi, ikinci neden yetersiz demir 3 kloriir kullanimi, iigiince
neden ise azalan oksijenle ¢okeltme havuzunda anaerobik ortam olustugundan bakterilerin
biinyelerindeki fosforu suya salmalarindan dolay1 giderim saglanamamasidir.
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BALIK YEMLERINDE KULLANILAN KATKI MADDELERI
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OZET

Artan Diinya niifusu beraberinde gida kaynaklarina olan talebinde artmasina sebep olmaktadir.
Uzmanlar yakin bir gelecekte artan diinya niifusunu saglikli bir sekilde besleyebilmek i¢in
mevcut gida kaynaklarinin iki katina ¢ikmasi gerektigini diisiinmektedir. Bu durum siliphesiz
saglikli beslenme agisindan son derece dnemlidir. Artan diinya niifusunu saglikli bir sekilde
besleyebilmek i¢in alternatif gida kaynaklarina ihtiya¢ duyulmaktadir. Bu anlamda su tiriinleri
onemli bir potansiyele sahiptir. Insan saghigina olumlu etkisi ve diinya genelindeki bulunabilme
potansiyeli ile su tirinleri ihtiyaca cevap verebilecek dnemli bir gida kaynagidir. Bu ihtiyaci
saglikli bir sekilde karsilayabilmek i¢in su triinleri yetistiriciliginde besleme, bakim, genetik
yapt gibi faktorlerin yaninda verimi arttirmak amaciyla yem katki maddeleri de
kullanilmaktadir. Ancak kullanilan antibiyotikler, kimyasallar ve benzeri katki maddeleri insan
saglig1 agisindan istenmeyen bir durumdur. Bu sebeple kullanilan yem katki maddelerinin insan
saglig1 acgisindan olumsuz sonucglar dogurmamasi gerekmektedir. Verimi arttirmaya yonelik,
hastaliklarla miicadeleye yonelik, vb. kullanilan yem katki maddelerinin kullanimi1 sonrasinda
insan sagligina, ¢evreye zarar vermeyecek maddelerden olusmas: siirdiirebilirlik acisindan
onemli bir durumdur. Ozellikle son yillarda tarim ve hayvancilik alaninda yapilan ¢alismalar
organik madde kullanimlarinin insan sagligina zarar vermedigi, bunun yaninda verimi 6nemli
oranlarda arttirdig1 seklindedir. Benzer sonuglar su tirtinleri yetistiriciligi i¢inde s6z konusudur.
Su iiriinleri yetistiriciliginde de kimyasallar katki maddelerine alternatif olarak deniz yosunlari,
probiyotikler, bakteri bilesikleri, enzimler, bitki ekstraktlar1 gibi bircok madde kullanilmis ve
olumlu sonuglar almmistir. Ozellikle ciftlik yetistiricilik sistemlerinde verimi arttirmak,
hastaliklara kars1 dayanikli olabilmesi, yetistiricilik sisteminden kaynakli Oliimleri en aza
indirebilmek, su riinleri yetistiriciliginin ¢evreye verdigi olumsuz etkileri ortadan kaldirmak
ve yetistiricilik sistemlerini ekonomik anlamda iyi bir seviyeye getirmek i¢in ¢esitli bitkisel ve

hayvansal igerikli yem katki maddeleri kullanilmistir.

Anahtar Kelimeler: Su Uriinleri, Yem Katki Maddeleri, Balik Yemleri

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 137



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

ADDITIVES USED IN FISH FEEDING
ABSTRACT

The increasing world population causes an increase in the demand for food resources. Experts
think that in order to feed the increasing world population in the near future, the available food
resources should be doubled. This is undoubtedly very important in terms of healthy nutrition.
In order to feed the increasing world population in a healthy way, alternative food sources are
needed. In this sense, aquaculture has an important potential. Aquaculture is an important food
source that can meet the needs with its positive effect on human health and its global
availability. In order to meet this need in a healthy way, feed additives are also used in
aquaculture in order to increase efficiency in addition to factors such as feeding, maintenance
and genetic structure. However, the antibiotics, chemicals and similar additives used are
undesirable for human health. For this reason, the feed additives used should not have negative
consequences for human health.. It is an important for sustainability that the feed additives used
for increasing efficiency, for fighting diseases, etc are composed of substances that will not
harm human health and the environment after their use. Especially in recent years, studies in
the field of agriculture and animal husbandry show that the use of organic materials does not
harm human health, but also increases productivity significantly. Similar results exist for
aquaculture. In aquaculture, many substances such as seaweed, probiotics, bacterial
compounds, enzymes, plant extracts have been used as an alternative to chemicals additives
and positive results have been obtained. Various herbal and animal based feed additives have
been used, especially in farm raising systems, to increase productivity, prevent diseases, to
minimize deaths caused by the aquaculture system, to eliminate the negative effects of
aquaculture on the environment and to bring the aquaculture systems to a good level

economically.

Keywords: Aquaculture, Feed Additives, Fish Feeding

1. GIRIS

Diinya niifusunun hizli bir sekilde artmasi, gida maddelerine olan ihtiyacinda artmasini
beraberinde getirmektedir. Konuyla ilgili uzmanlar 2050’1li yillarinda artan diinya niifusunun
yeterli ve dengeli beslenebilmesi i¢in mevcut gida tiretiminin iki katina ¢ikarilmasi gerektigini
ongormektedirler. Artan gida ihtiyacina su liriinleri biiylik oranda cevap verebilecek potansiyele
sahiptir (Arslan, 2017). Bu gida ihtiyacina saglikl bir sekilde cevap verebilmek i¢in su iiriinleri
yetistiricilik sistemlerinde bakim, beslenme, 1slah, gibi faktorlerin yaninda 6zellikle verimi
arttirmaya yonelik yem katki maddeleri, antibiyotikler, iyonoforlar, hormon etkisine sahip
bliyiime ajanlart gibi maddelerin kullanimi 6nemli bir durumdur (Kaya & ark., 1997).
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Kullanilan kimyasallar, antibiyotik ve benzeri katki maddeleri insan sagligi acisindan
istenmeyen etkilere sebebiyet vereceginden dolay1 6nemli bir sorundur (Harikrishnan & ark.,
2011). Cesitli sebeplerden dolay1 kullanilan kimyasal maddeler ve antibiyotikler ekosistem ve
canlilar agisindan istenmeyen sonuclarin ortaya ¢ikmasina neden olmaktadir (Yildirim ve
Okumus, 2004). Ayrica antibiyotik kullanimi zararli organizmalarin 6liimiiniin yaninda saglik
acisindan yarar1 olan organizmalarinda 6liimiine sebep olmaktadir (Sarica, 1999). Biitiin bu
sebeplerden dolay: iiretimi arttirmak, hastaliklarla miicadele etmek amaciyla kullanilan katki
maddeleri organik {iriinler ya da kullanimi sonucunda saglik agisindan olumsuzluklara
sebebiyet vermeyen maddelerden segilmesine 6zellikle son zamanlarda agirlik verilmistir. Son
yillarda tarim ve hayvancilik alaninda yapilan ¢alismalar olumlu sonuglar vermistir. Giinlimiiz
su Urtinleri yetistiricilik sistemlerinde de bu problemler dikkate alinarak kullanilan yem katk1
maddelerinin organik olmasina ve kullanimi sonrasi olumsuz sonuglar vermemesine 6zen
gosterilmektedir. Bu anlamda kimyasal kullanimima alternatif olarak deniz yosunlari,
probiyotikler, bakteri bilesikleri, enzimler, bitki ekstraktlar1 gibi birgok madde kullanimina
agirlik verilmistir (Bagni ve ark., 2005; Bonaldo ve ark., 2007). Biitlin bu nedenlerden dolay1
son yillarda gida sektoriiniin tamaminda oldugu gibi su iiriinleri yetistiricilik sistemlerinde de
organik katki maddelerinin kullanimi yayginlasmustir. Ozellikle ¢iftlik yetistiricilik
sistemlerinde verimi arttirmak, hastaliklarla miicadele etmek, yetistiricilik sistemlerinden
kaynakl1 6liimleri en aza indirmek ve su tiriinleri yetistiriciliginin ¢evreyle etkilesimini olumlu
bir hale getirmek i¢in ¢esitli bitkisel ve hayvansal igerikli yem katki maddeleri kullanilmaktadir.

2. YEM KATKI MADDELERININ KULLANIM AMACLARI

Yem katki maddelerinin kullammi 6ncelikle kullanimi diisiiniilen balik tiiriine ve yetistiricilik
sistemine gore degerlendirilmektedir. Bununla beraber kullanim amaci da son derece 6nemlidir yem
katki maddeleri olumsuz durumlarin giderilmesi veya daha olumlu sonuglarin elde edilmesi i¢in
kullanilmaktadir bu anlamda agirlikli olarak yem katki maddeleri asagidaki maddeler dogrultusunda
kullanilmaktadir.

1. Verimi arttirmak.

2. Bagisiklik sistemini gii¢lendirmek.
3. Cevre EtKisi

4. Ekonomik fayda

2.1. VERIMi ARTTIRMAK

Su iirlinleri yetistiriciliginde maliyetlerin 6nemli bir boliimiinii yemler olusturmaktadir. Bu
durum yetistiriciligi yapilan biitiin tiirler i¢in gegerlidir. Isletme maliyetleri bakimindan yem
maliyeti birinci sirada yer almaktadir. Bu nedenle yetistiricilik sistemlerinde verimi arttirmak
icin minimum maliyetle maksimum fayda amaglanmistir. Yetistiriciligi yapilan tiiriin yem
degerlendirme orani ve canli agirlik artisinin olumlu bir sekilde gerceklesmesi yetistiricilik
acisindan son derece 6nemli bir durumdur. Genel olarak baliklara optimum diizeyin altinda yem
verilmesi canli agirlik artiginda gerilemeye sebep olacaktir. Fazla yem verilmesi durumunda ise
arzu edilmeyen bir yem degerlendirme olacak ve ekonomik olarak yiiksek maliyetlerin ortaya
¢ikmasi s6z konusu olacaktir (Celikkale, 1994). Bu nedenlerden dolay1 balik yemlerine belirli
oranlarda yem katki maddelerinin ilave edilmesi séz konusudur. Ozellikle yem degerlendirme
oranini istenilen diizeyde tutabilmek ve canli agirlik artisint maksimum seviyeye cikartabilmek
icin balik yemlerine ilave katki maddeleri eklenerek yapilan ¢alismalarda olumlu sonuglar elde
edilmistir (Yousefi, Hoseinifar, Paknejad & Hajimoradloo, 2018; Yilmaz & ark., 2018;
Yildirim & ark. 2009).
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2.2. BAGISIKLIK SiSTEMINi GUCLENDIiRMEK.

Su iriinleri yetistiricilik sistemlerinde ¢esitli nedenlerden dolay1 baliklar strese girmektedir.
Konuyla ilgili yapilan ¢calismalar bu ve benzeri olumsuz durumlarin etkilerini an aza indirmek
ve baliklarin stresten saglikli bir sekilde kurtulabilmeleri i¢in bagisiklik sistemlerinin giicli
olmasiin son derece 6nemli oldugu yoniindedir. Bu nedenle bagisiklik sistemlerine olumlu
etkisi olan yem katki maddelerinin kullanim1 hastaliklarla miicadele i¢in 6nemli bir durumdur.
Balik beslemede kullanilan yem katki maddeleri baliklarin bagisiklik sistemlerine, antioksidan
enzim seviyelerine ve kan parametrelerine olumlu etkiler yaptigina dair ¢alismalar yapilmigtir
(Arslan, Sonmez & Yanik, 2018; Karabulut & ark., 2016; Sahu & ark., 2007; Awad & ark.,
2013). Bu nedenle yetistiricilik sistemlerinde kullanilan yem katki maddeleri baliklarin
bagisiklik sistemlerine ve antioksidan enzimlerine olumlu etkileri yetistiricilik i¢in son derece
onemlidir. Ozellikle yavru donemlerinde yemlere ilave edilen katki maddelerinin hastaliklara
kars1 direncin artmasina sebep oldugu yoniindedir (Shiu & ark. 2016).

2.3. CEVRE ETKISI.

Su {irtinleri yetistiriciliginde ¢evre son derece onemlidir. Yetistiricilik faaliyetleri ¢evreyle
yakindan iligkilidir. Bu nedenle balik yemlerinin ¢evreye zarar vermemesine dikkat edilmelidir.
Kullanilan yemlerin atiklar1 gevreye zarar vermemelidir, bu nedenle yem katki maddeleri de bu
anlamda distintilmelidir. Siirdirtlebilir yetistiricilik sistemleri agisindan bu iliskiye dikkat
edilmelidir. Entansif yetistiricilikte besleme amagli verilen yem partikiil halinde ortamda
birikmeye baglar ve devam eden siiregte biyokimyasal oksijen ihtiyact artar ve ortamdaki nitrat
ve fosfat1 yiikseltir. Solungaglarda siiziilen toplam nitrojen ve karbon suya geri verilir (White,
2013). Yem katki maddeleri bu olumsuz durumlar1 ortadan kaldirmaya yonelik kullanilmali ve
atiklarin ¢evreye zarar vermemesi amaglanmalidir.

2.4. EKONOMIiK FAYDA

Su friinleri yetistiricilik sistemlerinde maliyetlerin biiyiik bir boliimiinii yem giderleri
olusturmaktadir. Yem giderleri toplam maliyet igerisinde %50-60 gibi 6nemli bir paya sahiptir.
Bu durum yetistiricilik sistemlerinin ekonomisi agisindan son derece dnemli bir durumdur.
Yem masraflarimin diisiiriilmesi ya da yem degerlendirme oranlarinin ekonomik bir seviyeye
cekilmesi ve canli agirlik artisinin maksimum seviyede olmasi siiphesiz yetistiricilik sistemleri
icin arzu edilen bir durumdur. Bu nedenle yapilan ¢alismalar belirli oranlarda yemlere ilave
edilen katki maddelerinin canli agirlik artisin1 6nemli derecede arttirdigi yoniindedir (Ahmad
& ark., 2011; 2017; Amin & ark., 2019). Yem maliyetlerinin diismesi yetistiricilik sistemlerinin
stirdiiriilebilirligi agisindan da 6nemli bir durumdur. Kullanilan yem katki maddeleri yem
maliyetini diisiirmesi genel anlamda ekonomik bir faydaya doniisecektir.

3. YEM KATKI MADDELERININ KULLANIMINDA DIKKAT EDILECEK
HUSUSLAR

Su iiriinleri yetistiricilik sistemlerinde ve genel anlamda gida maddeleri {iretiminde kullanimi
her gecen giin artarak yapilan yem katki maddeleri yem kullanimini belirli 6lgiilerde garanti
altina almak, bagisiklik sistemini giiclendirmek, sindirimi kolaylastirmak, hastaliklara kars1
giiclii bagisiklik sistemini olusturmak, hizli bilylimenin ger¢ceklesmesini saglamak gibi gesitli
sebeplerle kullanilmaktadir. Bu kullanimlarin hepsinde muhakkak suretle dikkat edilmesi
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gereken Oonemli hususlar s6z konusudur (Arslan, 2020). Genel olarak yem katki maddelerinin
kullaniminda dikkat edilmesi gereken maddeler;

1. Insan ve hayvan saglig1 acisindan olumsuz sonuglara sebebiyet vermemeli, toksin ve
kanser yapict maddeler barindirmamalidir.

2. Katki maddesinin 6zellikleri, kullanimi diisiiniilen tiiriin 6zellikleri iyi bilinmelidir.

3. Olgiilebilir olmaldir. (Kullanim miktar1 ve tiikketim miktarr)

4. Kolay bulunan, ekonomik, iirlinler olmali, kullanimi sonrasi c¢evreye zarar
vermemelidir.

5. Diger katki maddeleriyle etkilesimi sonucunda olumsuz sonuglar vermemelidir.

6. Kullanim sekli agisindan olumlu sonuglar vermelidir.

7. Sonugclar1 dlgiilebilir olmalidir.

8. Etkinligi ve miktar1 belirlenmis olmalidir.

9. Hayvansal {iriiniin bilesimini bozmamalidir.

10. Kullanilacak doz hesap edilmeli ve sonuglar bu deger {izerinden degerlendirilmelidir.
11. Beslenme sisteminde kullanilan arag¢ ve ekipmanlara zarar vermemelidir.
12. Kullanim1 sonrasi kullanilan amaca yonelik olumlu sonuglar vermelidir.

4. SONUC

Su {irlinleri sektorii artan diinya niifusunu saglikli bir sekilde besleyebilecek onemli bir
potansiyele sahiptir. Yapilan c¢aligmalar artan diinya niifusu ve azalan gida kaynaklari
neticesinde beslenme agisindan alternatif gida kaynaklarinin gereksinimine isaret etmektedir.
Ozellikle insan saglig1 agisindan saglamis oldugu olumlu katkilar ve mevcut potansiyeli ile su
iriinleri son derece dnemli bir gida maddesidir. Mevcut durum dikkate alindiginda su {irtinleri
yetistiriciligi i¢in yem katki maddeleri, potansiyelin kullaniminda ve siirdiiriilebilirliginde
onemli bir faktordiir. Yemin icerigi balik beslemede son derece onemlidir. Yapilan bir
calismada balik yemlerindeki protein miktarinin balik beslemede son derece dnemli oldugu
yoniindedir. Yiiksek diizeyde protein iceren yemlerle beslenen baliklarin proteinin bir kismini
enerji saglamak i¢in kullandiklari rapor edilmistir (Akyurt, 1993). Yemlerdeki protein
miktariin diisiikliigiinde ise baliklarda gelisim bozukluklar1 ortaya c¢ikmaktadir. Diger
hayvanlarla mukayese edildiginde baliklarin protein kullaniminin daha iyi oldugu bildirilmistir
(Hossu & Korkut, 2001). Bu nedenle balik yemlerinin icerigi son derece onemli bir konudur.
Yem katki maddeleri ise yemin igerigi, baliklarin canli agirlik artisi, bagisiklik sistemleri,
sindirim sistemleri gibi pek cok parametreyle birlikte degerlendirilerek kullanilmalidir. Yem
katki maddelerin kullanim1 baliklarin yemlerden azami oranda faydalanmalarina, yetistiricilik
sistemi i¢in arzu edilmeyen hastaliklarin tedavisinde, bagisiklik sistemi problemlerinin
¢cozlimiinde, daha saglikli su {iirlinleri yetistiricili§in yapilmasinda kullanilan bir yontemdir.
Ozellikle ekonomik émriinii tamamlamis bitkisel ve hayvansal katki maddelerinin yem katki
maddesi olarak kullanim1 hem yetistiriciligin gelismesi hem de bu atiklarin ekonomiye dahil
edilmesi agisindan olumlu bir gelismedir. Son yillarda gida iiretiminin genelinde uygulanan ve
olumlu sonuglar alan bu yontemin su {rilinleri yetistiricilik faaliyetlerine pozitif fayda
saglayacagi diisiiniilmektedir.
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ABSTRACT

Introduction: Bay (Laurus nobilis L.), one of the characteristic plants of the Mediterranean
climate, is from the Lauraceae family and a characteristic type of the vegetation called maquis,
which is unique to the Mediterranean climate. The main distribution area of bay plants is located
in Asia Minor and the Mediterranean basin and this species is naturally present in all the
coastline in Turkey. It spreads from Hatay to the Northeast Black Sea and grows in very humid
environments. It is known that some compounds in bay leaves have the ability to absorb water
from the air (hydrosynthesis) at a rate of 21 times their own mass. For these reasons, bay leaf
is a plant with high moisture content. Drying process of bay leave has great importance in terms
of ensuring its longevity and preserving the chemical composition.

Material and Method: In this study, the moisture content and the drying efficiency changes
on bay leaves under the specific drying conditions by applying of different drying methods were
investigated. The bay leaves grown in Yaylica town of Samandag district of Hatay province in
the Mediterranean Region were used for this purpose. The oven drying (30°C) and the infrared
drying (100°C, 200°C, 300°C) methods were applied for drying the bay leaves. The moisture,
the dry matter and the drying efficiency were calculated on the dried samples.

Result: It has been determined that the infrared drying is more advantageous than oven drying.
As the temperature increases in the infrared drying, the amount of moisture that moves away
increases and as a result, the drying duration is shortened. Additionally, it has been determined
that it is superior to other method in terms of uniform distribution of product temperature during
drying, less affected by environmental risks and obtaining better quality leaves without color
loss. It has been demonstrated that the infrared drying is an alternative method for the dried bay
leaf producers to obtain same quality products in higher amounts and in a shorter time.
Keywords: Daphne (Laurus nobilis L.), drying methods, moisture content, yield

1. INTRODUCTION

The role of the bay leaf which is one of the characteristic plants of Mediterranean
climate has a quite great role on the human history of humanity. Bay leaf has been shown
throughout the history as a symbol of fame, victory and peace [1].

The bay leaf (Laurus nobilis L.) which is a member of the Lauraceae family is an
evergreen forest tree or shrub with yellow flowers that can grow 3-10 meters [2]. It is stated
that it can reach 15-20 meters height under very suitable conditions in some of the resources. It

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 144



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

is a characteristic type of the vegetation called maquis unique to Mediterranean climate and it
names the first zone (Lauretum) of the Mediterranean Region covering the coastline [3].

It has the distribution in the countries of; particularly in Turkey, Algeria, Belgium, Italy,
France, Greece, Mexico, Morocco, Portugal, Spain, Albania, Romania etc. and Greek Islands
in Aegean Sea. Apart from these all, its distribution areas; the eastern coasts of Libya, the west
of Syria, Crimea and in short, almost the entire western Mediterranean basin. It is cultivated in
Russia’s Black Sea coasts, Georgia and Israel [4].

The bay leaves are also widely used in folk medicine to treat rheumatism,
gastrointestinal and urinary problems [5].

It has also been determined that some compounds found in bay leaves are capable of
absorbing water from the air at a rate of 21 times their own mass and so the bay leaf can absorb
the moisture of the air (hydrocentesis) by means of them [6].

Drying is the removal of the moisture contained in the products by evaporating it up to
a certain limit value depending on a certain purpose [7]. The method of preserving agricultural
products by drying is one of the oldest preservation methods that man has learned from nature
and has been applied since ancient times. There are different methods used during drying.
Drying in the shade, drying in the microwave, the sun drying and the infrared drying can be
given as instance [8].

The main purpose of drying is to extend its shelf life by decreasing the water activity
value of the food to a certain value [9]. Thus, the microbial growth and the enzyme activity will
be prevented by drying the product. The used parts of the Mediterranean bay leaf are its leaves
and fruits. The dried bay leaves are often used directly in canned food, soup, fish and meat
dishes as a kind of spice [10].

Today, there are many drying methods available, and they can be used for drying a
product alone, and sometimes combinations of different methods give positive effects on the
final product quality and drying economy [11]. The preferred drying methods can be diversified
as shade drying, sun drying, microwave drying, freeze drying and infrared drying. The use of
the infrared radiation technology in dehydrating foods has several advantages. These may
include the reduction on the drying time, high energy efficiency, the final products at high
quality, the uniform temperature in the product whilst drying and a reduction on the air flow
requirement across the product [12].

In this study, the bay leaf plant was provided to be dried by using an infrared dryer and
a drying oven and it was aimed to investigate the relationship inbetween the variation of
moisture content rates of the bay leaves and their drying efficiency under different drying
methods and drying conditions.

2. MATERIAL AND METHOD

In this research, bay leaves which were harvested from Yaylica town of Samandag
district in Hatay province were dried by two different methods. For this purpose; oven drying
and infrared drying methods were applied. Moisture content, dry matter amount and drying
yield of bay leaves were analyzed while drying process.

In oven drying process, 50 pieces of bay leaves were placed shelves of the oven at 30°C.
The moisture contents of bay leaves were recorded at 0", 25™, 75M, 150™, 200™" and 250" hours.
The moisture contents and dry matter amounts of bay leaves were determined and the results
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were expressed as a percentage. Drying yields were calculated on the basis of moisture content
specified at Turkish Food Codex Spice Notification [13].

3. RESULTS AND DISCUSSION

3.1. Oven Drying

Oven drying process was carried out in three replications. The average separable
moisture contents of bay leaves dried in oven at 30°C at different drying hours were given at
Table 1.

Table 1. Separable Moisture Contents of Bay Leaves Dried in The Oven (30°C, n=3).

Time (Hour) Separable Moisture Content (%)
0 11.04
25 29.34
75 33.72
150 38.88
200 43.25
250 44.31
280 44.31

As it could be seen from the Table 1, the separable moisture content of bay leaves
became constant at the end of the 280 hours in oven drying. The initial dry matter amount was
calculated as 88.96%. After 280 hours, 44.31% of the leaves moisture was separated and total
dry matter was calculated as 55.69%. It was realized that the drying rate at first 25 hours was
high and it decreased after this time. It became constant after 200" hour.

In a study conducted by Demir et al. (2004), bay leaves were dried in an oven at 60°C
and under sunlight and examined the moisture content changes while drying process.
Researchers calculated the moisture content of dried bay leaves as 10% and stated that drying
in the oven was more advantageous [14].

3.2. Infrared Drying

Infrared drying process was carried out in three replications. The average separable
moisture contents of bay leaves dried in mfrared at 100°C, 200°C and 300°C drying air
temperature and 6 Hz drying air velocities were given at Table 2.

As it could be seen from the Table 2, bay leaves were dried at the same times at different
drying temperatures (100 °C, 200 °C, 300 °C) and the separable moisture rates in the samples
were determined. It was determined that as the time increased, the removal of the moisture rate
increased. The drying can be carried out at higher temperatures in the study however the drying
process at higher temperatures may cause burns and quality losses in the samples.

Togrul et al. (2005a) investigated the drying behavior of 0.5, 1.0 and 1.5 cm thick cubed
mushrooms at different drying temperatures (50°C, 60°C and 80°C) in an infrared dryer in their
study. They emphasized that when the temperature was increased from 50°C to 80°C, 0.5 cm,
1.0 cm and 1.5 cm slice thickness decreased by 170, 140, 104 minutes respectively in the drying
time and the moisture content increased over time [15].
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Table 2. Separable Moisture and Dry Matter Contents of Bay Leaves Dried by Infrared Drying
(n=3)

Temperature Time (Second) Sepgr(;al:tlsnll/l((z/ios)ture Dry Matter (%)
73 15.00 85.00
100°¢ 63 14.30 85.70
73 38.37 61.63
200°C 63 36.01 63.99
73 53.75 46.25
300°C 63 42.65 57.35

Togrul et al.(2005b) examined the drying kinetics of banana slices cut in four different
thicknesses by drying them in an infrared dryer at temperatures of 50, 60, 70 and 80°C. Based
on the experimental data, they found that the change in moisture content gradually decreased
over time [16].

In a research that okra samples dried using infrared and oven, it was stated that drying with
infrared contributed to the moisture content, color parameters and bioactive properties of the
sample compared to the oven [17].

Nimmol et al. (2007) investigated the product quality specifications on drying Kinetics
by means of drying the banana slices in the dryers that have long wave and low pressurized
infrared radiation in their studies. As a result of the experiments, the researchers found that the
products dried in a long-wave infrared radiation dryer in a shorter time, and the quality of the
banana slices dried by the low-pressurized infrared radiation dryer was better [18].

In our study, the same number of bay leaves were dried in infrared and oven under
different conditions. However, drying by the infrared was completed in a shorter time than
drying in the oven, and it was also found that the moisture rate that could be removed from the
product was higher. Due to the wide market of dried bay leaves today, it would be useful to
examine other quality specifications (nutritional value, chemical structure, etc.) of bay leaves
dried by an advanced technology which is infrared.

3.3. Drying Yield

The drying yields of oven drying and infrared drying processes of bay leaves at different
conditions were given at Figure 1.
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Figure 1. Drying Yield of Bay Leaves Dried by Infrared Drying and Oven Drying

Drying yiled (%)

As it could be seen from in Figure 1, it was observed that drying by the infrared was
more effective in the yield in the analysis of the drying yield of the dried bay leaves samples. It
was determined that the application, which had the greatest effect on the drying yield of the
amount of the moisture separated from the samples, took place in 63 seconds at 100 °C drying
air. The fact that there are not many resources about the drying yield of the bay leaves in the
literature requires focusing on this subject.

Nathakaranakule et al. (2010) dried the longan fruit in the infrared radiation dryer. They
stated that, the drying yield of the products increased as the increase in the power of infrared
radiation heaters [19].

Hebbar et al. (2004) designed a dryer that works in combination with infrared and hot
air for drying vegetables and examined its experimental performance. As a result of their
experimental studies, they emphasized that the drying time decreased by 48% and the drying
yield increased in the combined drying than the other methods at 80°C drying air temperature
and 1 m/s drying air speed [20].

4. CONCLUSION

When the research is interpreted generally, it was determined that the infrared drying
method was found more advantageous than the oven drying method. Separable moisture
content increased while temperature increased by infrared drying and consequently the duration
of drying process was decreased. In addition, it was determined that the infrared drying was
superior to other methods in terms of uniform distribution of product temperature during drying,
less affected by environmental risks and obtaining better quality leaves without loss of color. It
has been demonstrated that drying with infrared could be an alternative method for dried bay
leaf producers to obtain more and same quality products in a shorter time.
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ABSTRACT

Turkish cuisine which has rich product diversity of Asian and Anatolian culture has developed
with time since interactions between different cultures. One of the most important meals of rich
Turkish cuisine is breakfast. Some regions and provinces are significant for traditional Turkish
breakfast. Hatay province which has gastronomically importance is one of the major provinces
in terms of breakfast culture in our country. Hatay cuisine is harmonious with different cultures
so was able to adapt different flavors to its own culinary culture. Thereby it was not only
become a host of different cultures, but also managed to become a traditional cuisine.

In Hatay cuisine, beside classical breakfast products such as olives, cheese, honey, kaymak,
many other products present in the breakfasts. Hummus, Siinme cheese, Carra cheese, Siirk,
Cokelek, Kaytaz patty and breakfast Zahter are some of the examples of these products.
Especially Zahter is a unique product and it is not possible to find this product in other regions.
Breakfast Zahter is a traditional nut-spice mixture consumed with olive oil at breakfast in and
around Hatay. The breakfast Zahter, which has been produced domestically as a traditional food
product for centuries, has now begun to be produced on an industrial scale and delivered to a
wider audience. While Zahter production, various nuts are roasted after sorting, washing and
drying processes, this mixture is ground in the mills and spices as flavoring additives are added.
The mixture of nuts and species used for producing Zahter consists of many different spices
including terebinth, sesame, roasted chickpea powder, watermelon seed, melon seed, sumac,
salt, cumin, red pepper, black cumin, citric acid, coriander, fennel and thyme.

Due to presence of rich nutrient content it is advisable to increase consumption of Zahter. In
this study, the general characteristics, some quality characteristics and health effects of the
breakfast Zahter consumed in Hatay were discussed.

Keywords: Breakfast Zahter, Hatay province, Traditional product

1. INTRODUCTION

Eating and nutrition habits of societies are shaped depending on the geography they live
in [1]. Factors such as the variety of products offered by the Asian and Anatolian lands, the
interaction with other cultures throughout history, the presence of newly developed flavors in
the Seljuk and Ottoman palaces, the presence of Anatolian cuisine originating from
Mesopotamia are the factors that ensure the color and diversity of Turkish cuisine [2].

One of the reasons why Turkish Cuisine is regarded as one of the best cuisines in the
world is that Turks were able to live together with nomadic life in their homeland of Central
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Asia and later in Anatolia, where they migrated. With the practicality brought by nomadic life,
agricultural foods obtained in settled life were used, and different applications such as
fermentation and drying made the foods both durable and delicious. Thus, a different and rich
food culture has emerged from other nations [1].

Turkish cuisine consists of soups, grains, meat and vegetables, olive oil dishes, pastry,
fried, desserts and traditional drinks. It is also a source of a healthy and balanced diet and
vegetarian cuisine, as it contains a variety of unique foods such as molasses, bulgur, yogurt,
and tarhana [3]. Dietary styles differing from region to region turn into a sacred ritual in special
days, celebrations such as weddings, circumcision and religious ceremonies [4].

In this study, information about the general characteristics of Turkish cuisine, breakfast
culture and Hatay cuisine, as well as product characteristics, chemical composition, usage
method and health effect of breakfast zahter were compiled.

2. BREAKFAST CULTURE IN TURKEY

Each country has its own spoken language, customs and traditions, cuisine cultures,
local dishes as well as their own breakfast habits. Breakfast is one of the most important meals
that should not be overlooked for a healthy and productive society [5]

In Turkish cuisine, breakfast is the most diverse cuisine compared to other country
cuisines. Turkey has a breakfast culture varies according to different regions. Factors such as
the geographical structure of the place of residence, climate and people's eating habits can be
shown as the main reason for this rich diversity. For example, while beyran soup is consumed
at breakfast in Gaziantep, boyoz and boiled eggs are consumed in [zmir [6].

The characteristic of Turkish breakfast is the inclusion of tin white sheep cheese and
varieties, butter, jam, honey, sausage, pastrami, olive varieties, boiled and fried eggs, which are
unique to our country, in the breakfast meal. In addition, vegetables (such as tomatoes, green
peppers and cucumbers), bagels and pastry foods (pastries, pastries, pancakes, cookies and
donuts) and fruits (such as apple, pear, orange, watermelon and melon) are served for breakfast.
Another feature of the Turkish style breakfast is that the tea is brewed and served in a Turkish
style [7]. In addition, the consumption of soup for breakfast is an important habit for Turks from
the past [8].

Turkey is composed of seven different geographical regions and breakfast culture varies
according to each region. Some regions and cities stand out with different types of breakfast
[9]. Hatay, Gaziantep, Kahramanmaras, Van, Denizli, Konya, Rize and Bursa are some of these
cities [6].

3. HATAY CUISINE

Hatay cuisine is one of the rare kitchens that has survived the culinary culture for 4000
years until today. In this city where thousands of years of civilizations have lived, Arab,
Western and Eastern cultures have combined to reveal a rich food culture [10]. The nomination
of Hatay, which is one of the special gastronomic reagion of Turkey and the world, and where
many civilizations have been living in, for World City of Gastronomy was adopted by
UNESCO in 2015. Hatay cuisine has approximately 460 types of food and more than 200
different types of its own [11].

Besides the unique aspects of Antakya dishes, Adana and Mersin located in the
Mediterranean Region and Gaziantep, which is not located, have similar and common dishes.
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It is stated that the reason for this is the ecological similarity of these provinces that are close
to each other and the migration that has occurred over time and still continues in the region [7].

In the daily breakfast table in Hatay, olives with oily Halhali, crushed olives, Siirk
(moldy cottage cheese) which is a fermented flavor unique to Hatay, salty yogurt, olive salad,
thyme salad, Zahter, walnut pepper (muhammara), Kaytaz pastry, pepper bread, honey-cream,
pomegranate, Kisir, hot Samandag pepper, Antakya cheese, Kitte (gherkin) [6].

Flavors (medicinal and aromatic plants) come to mind first in Hatay cuisine. There are
more than 2000 flowering plant species that grow naturally in Hatay. About 300 of these plants
are endemic plants. It has been determined that 550 of the more than 2000 plant species growing
in Hatay are medicinal and aromatic plants. These plants grown in natural areas have an
important contribution to the enrichment of Hatay cuisine [12]. One of the special products of
Hatay obtained from this type of plants is breakfast Zahter.

4. BREAKFAST ZAHTER
4.1. Zahter (Thymbra spicata)

There are many types of aromatic plants from the Lamiaceae family defined as thyme
in Turkey. However, especially the types containing thymol / carvacrol type essential oil are
accepted as thyme. Among these species, especially Thymus, Origanum, Satureja, Thymbra
and Coridothymus species are of great importance both in terms of distribution and
economically [13].

Thymbra spicata which is known as “Karabas kekik” or “Zahter” is grown widely in the
Mediterranean and Southeastern Anatolia regions of Turkey [14]. Zahter plants are small
bushes with 10-40 cm tall. Flowering stems are ascending or steep, simple, sometimes very
branched. Leaves of flowering shoots are simple, full-edged and linear. Corolla is purple or
pink in color. It spreads in Altinozu, Belen districts and Narlica in Hatay [15].

This plant has an economic value due to the use of its leaves and flowers in food,
beverage and medicinal purposes [14]. Zahter oil, Zahter cream, Zahter paste and Zahter soap
can be produced by Zahter plant and dried leaves of Zahter is used for seasoning meat, poultry
and fish products [16]. Additionally essential oils obtained from the leaves of Zahter are used
for flavoring of foods, producing liqueur, herbal tea and perfumery. These essential oils have
also antiseptic and antimicrobial characteristics [17]. Bozkurt (2006) reported that the oil
obtained from Zahter reduced bitterness and improved sensory properties in Turkish sausages
[18].

Thymbra spicata species, which grows as a weed in Hatay, is quite common. This type
of thyme, known as Zahter in this region, can be used as a spice, as well as for breakfast, in
brine or in making salads [19]. It has a bitter taste and sharp smell [16].

Zahter is a plant that is collected from nature and cultivated and traded within the
borders of Hatay. It is sold in local markets, greengrocers and table shops in March-May [15].
Most of the world's thyme need is met with this plant [13].

Zahter is used as a spice in many dishes in Hatay cuisine, in the production of Siirk
(product made from a mixture of Cokelek cheese, red pepper and Zahter), “Katikli ekmek™ (in
the form of Lahmacun and contains a mixture of Cokelek cheese, red chili pepper, sesame and
Zahter), but it is mostly used as a Zahter salad. Zahter salad can be prepared directly from green
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Zahter, or it can be prepared with enough salt and olive oil in a jar as pickled. It is a type of
salad prepared using Zahter, green onion, tomato, chili pepper, olive oil, pomegranate syrup
and salt, and consumed widely in the region [15, 20].

4.2. Health Effect of Zahter

Herbs and herbal extracts are used for the treatment of many diseases in alternative
treatments in the world. The location of our country and the fact that it has different climatic
conditions has created richness in terms of plant species and diversity. For this reason, there is
a lot of flora and these plants in our country can be used medicinally. Thymbra spicata is one
of these medical plants [21].

The main usage areas of thyme varieties are bronchi, intestines, digestive system,
stomach and lung diseases (tuberculosis, asthma, bronchitis). In medicine and pharmacy; It is
used in diarrhea, expectorant, anemia, relieving, regulating blood circulation, sterilizing the
nervous system, respiratory tract, toothache and breath odor, appetite, indigestion, intestinal
stinking, gas and inflammation, diarrhea, cold, rheumatism and gout diseases. It strengthens the
body, stops heart palpitations, reduces the amount of sugar in the blood. Thyme bath is used in
the treatment of weak and pale children (especially in rickets), thyme tea for puberty acne, and
thyme tincture for the treatment of organ tremors [22].

It is recommended to use the tea prepared from the Zahter for colds, cough and stomach
pains. In addition, this herb is a pain reliever, a powerful antibiotic against bacteria and fungi
in the treatment of skin diseases such as parasites and eczema [23]. The amount of antioxidants
such as terpenoids and flavonoids of Thymbra spicata is high and it shows cholesterol-lowering
and liver protective characteristics [24].

Each of the spices, oil seeds and grains that are included in the threshing for breakfast
have important functions in terms of health separately. The antioxidant, phenolic and flavonoid
ingredients in the breakfast Zahter are effective in preventing problems such as oxidants
accumulated in the body due to stress, unbalanced nutrition, environmental pollution, smoking
and alcohol consumption [13].

They are used for antimicrobial-antioxidant purposes in extending the shelf life of foods
[22]. Kadioglu Dalkilic et al. (2020) stated that breakfast Zahter showed antimicrobial effect
against to Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumonia bacteria [25].
Joma et al. (2020) reported that Zahter extract had antimicrobial effect against to
Stenotrophomonas maltophilia which has multi-resistance and DNA protective activity [21].

4.3. Ingredients of Breakfast Zahter

Breakfast Zahter is a traditional product that is a mixture of herbs and nuts and is mainly
consumed at breakfast. Its composition varies according to different cultures and countries [26].
The emergence of Zahter for breakfast dates back to ancient times. In order to make use of the
remnants of the grain remaining from the previous year, people roasted and grinded these grains
and used them for breakfast. This has led to a breakfast culture over time [13]. In recent years,
it is known that breakfast Zahter has been produced on an industrial scale in the southeast of
our country and in some Arab countries [26].
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It consists of many different spices including terebinth (500 g), sesame (1 kg), roasted
chickpea powder (1 kg), watermelon seed (500 g), melon seed (500 g), sumac (500 g), salt
(optional), cumin (2 dessert spoons), red pepper (optional), black cumin (500 g), citric acid (1
teaspoon), coriander (200 g), fennel (200 g) and Zahter (200 g). In some regions, it is known
that tarhana, dried unripened grapes, wheat, hemp seeds, cinnamon, peanuts, walnut, pistachio
and anise are used for Zahter production. For breakfast, olive oil is placed in a bowl and Zahter
in another bowl. The bread is first dipped in olive oil and then consumed by dipping in Zahter
[25, 26, 27].

Terebinth (menengic): Menengi¢ (Pistacia terebinthus L.) is a wild plant species
commonly found in many Mediterranean countries such as Tunisia, Italy, Greece, Syria and
Turkey. Due to its richness in resin components and tannins, tincture has been known to be in
a medicinal plant class since ancient times. In general, the used parts of the plant are its roots,
young shoots and fruit [28]. It is also consumed in different ways as food. The collected fruits
are roasted and eaten as a snack. Roasted menengig is beaten with walnuts and raisins and mixed
and eaten, it is good for cough and sore throat. It opens the mind and strengthens the memory.
Menegic gum is another widely consumed food. Coffee is also made by grinding menengi¢
[29].

Sesame: The origin of sesame (Sesamum indicum L.), a very old cultivated plant, is the
African continent. It is an annual oil plant belonging to the Pedaliacea family cultivated in
many parts of the world with tropical and subtropical climate zones, especially in India, Sudan
and China [30]. Sesame seeds contain oil (50%), protein (24%), vitamins, minerals and
antioxidants. Although sesame is a very important oil plant, almost all of the sesame produced
and imported in our country is used as food in tahini production, bakery and patisserie sectors
[31].

Roasted chickpea (Leblebi) powder: Chickpea is a legume with rich nutrient content and
is the raw material of Leblebi consumed as a snack. Roasted chickpeas are a traditional snack
consumed in many countries. Roasted chickpeas is called as “Leblebi” in Turkey. Chickpea
grains are an excellent source of proteins, essential amino acids, carbohydrates, minerals such
as calcium, phosphorus, magnesium and potassium, vitamins, dietary fiber, folate, beta carotene
and fatty acids [32, 33]. Chickpea flour is used as an additive in products such as bread, biscuits,
food mixes and many meals [34].

Watermelon seed: Watermelon seeds are used as a shack after salting and roasting in
the Middle East, Arab and Asian regions. Production and consumption in Turkey is seen that
widespread. In India and some African countries, seeds are used in vegetable oil production and
bread making as flour [35]. It was determined that the dried watermelon seeds contain a
significant amount of oil (25-55%) and protein (27-36%) [36]

Melon seed: Melon seeds are used mainly in oil production, medicine, cosmetics and
food fields as raw materials of various traditional beverages. As an example of melon seed
traditional drinks; There are "Melon Milk™ made in Nigeria and Iran, "Pepitada™ made by
Sephardic Jews, "Melon Seed Drink™ made in South America. It is consumed as snack or in
making of various bakery products, “pestil” and some dishes, such as “I¢li kofte” by roasting
[35].
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4.4. Some Quality Properties of Breakfast Zahter

Studies in the literature on chemical, physical, sensory or aromatic properties of
breakfast Zahter are quite limited. In terms of the sustainability of traditional products, it is very
important to know and record the characteristics of these products. Some studies conducted in
this context are summarized in this section.

Ugan et al. (2014) investigated some nutritional properties of breakfast Zahter samples
which were produced domestically or industrially. In this context, they analyzed the pH value,
dry matter, crude ash, crude fat and crude protein contents. They found these values ranged
between 4.74-5.43, 93.97-96.70%, 3.85-4.73%, 6.23-15.27% and 14.84-19.51%, respectively.
They also stated that the nutritional properties of Zahter products which were produced
domestically and industrially had significant differences among both themselves and each other
[27].

Koéten and Satouf (2019) researched some quality parameters of breakfast Zahter which
was prepared in different formulations. They used terebinth (menengic) paste and Zahter in
different amounts and analyzed sensory properties and some chemical properties of Zahter,
menengic paste and breakfast Zahter. As a result of the research, it was reported that the use of
menengi¢ paste and Zahter in increasing concentrations improves the sensory properties of
breakfast Zahter. The chemical properties of the breakfast Zahter sample only containing 2%
Zahter and 2% menengi¢ paste were given. According to the results the average moisture
content was 6.20%, ash content was 6.41%, protein content was 18.97%, fat content was
15.73%, carbohydrate content was 54.61%, crude fiber content was 13.02%, energy value was
435.89 kcal, DPPH inhibition ratio was 93.67%, phytic acid content was 921.56 mg/100g and
total phenolic content 452.33 mg/GAE/100g [13].

Ucan Turkmen et al. (2016) stated that breakfast Zahter’s total phenolic content ranged
from 56.4 to 5489.03 mg gallic acid equivalents/L and antioxidant capacity was between 78.2-
91.4%. Additionally, they found that homemade breakfast Zahter extracts had higher
antioxidant capacity, total phenolic content and antimicrobial activity than industrial breakfast
Zahter product [26].

In a research performed by Hayoglu et al. (2016), Zahter was produced in cream form
and some chemical properties of this product were determined. For this purpose, they used olive
oil and turpentine oil in different ratios beside classical nuts and spices mixture. As a result of
the research, they found the moisture, protein, fat, cellulose, total phenolic, ash, Cu, Mn, Fe,
Zn, P, K and Na contents ranged between 4.50-4.75%, 16.53-19.30%, 13.15-19.97%, 5.94-
9.46%, 24.14-33.16 mg GA g, 4.80-6.63%, 3.25-13.63 mg 100g™, 13.10-23.10 mg 100g™*,
40.83-64.73 mg 10097, 34.90-55.73 mg 100g?, 2090.02-3996.72 mg 100g, 2632.5-6825.0
mg 100g* and 3450.0-7590.0 mg 100g?, respectively [37].

5. CONCLUSION

Breakfast Zahter is a unique product that is very suitable for the taste of Turkish society.
It reflects the richness of Hatay cuisine with its rich content. Although each ingredient used in
the production of breakfast Zahter varies according to the regions, it is very valuable in terms
of nutritional and positive effects on health. In terms of this feature, it can be said that breakfast
Zahter is a functional product. It is thought that the production method can be standardized and
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widespread in order to increase the recognition of this product, which has just started to produce
industrially in all parts of the country.

Traditional products are an important legacy of our culture. It is very important to be
able to pass this heritage to future generations and to ensure sustainability. Therefore, it is
thought that more research should be done on traditional products such as breakfast Zahter, and
the characteristics of these products should be accurately determined and recorded.

Although there are studies in the literature on the general characteristics of the thyme
plant, there is not enough information about the traditional products obtained from this plant.
Especially, it is necessary to examine the nutritional, physicochemical, aromatic or
microbiological properties of special products obtained from thyme such as breakfast Zahter,
Zahter salad, and pickled Zahter.

REFERENCES

[1] Demirgiil, F., Cadirdan Saraya Tiirk Mutfagi, Uluslararasi Tiirk Diinyast Turizm
Arastirmalar1 Dergisi, July, 3,1, 2018.

[2]  Girgin, GK., Demir, O., Cetinkaya, V., (2017). Diinyanin En Iyi Mutfaklar1 ve Tiirk
Mutfagi, Journal of Tourism and Gastronomy Studies, 5(2):219-229.
http://dspace.balikesir.edu.tr/xmlui/bitstream/handle/20.500.12462/3600/goksel-
kemal-girgin-2.pdf?sequence=1&isAllowed=y, Access date: 16.04.2021.

[3] Solmaz, Y. and Diilger Altiner, D., (2018). Tiirk Mutfak Kiiltiirii ve Beslenme
Aliskanliklar1 Uzerine Bir Degerlendirme, Journal of Saffron Culture and Tourism
Researches, 1(3):108-104. https://dergipark.org.tr/en/download/article-file/611111,
Access date: 16.04.2021.

[4] Siiriictioglu, M. S., Ozgelik, A., O, Tiirk Mutfak Ve Beslenme Kiiltiiriiniin Tarihsel
Gelisimi, 38" Icanas Congress., 10-15 September, 1289-1310. Ankara, 2008.

[5] Nakiboglu, M., Van'da Kahvalti Kiiltiirii ve Kahvalti Salonlar:, IWACT International
West Asia Congress of Tourism Research, Van, 332-339, 28 September-1 October,

2017.
[6] Cekal, N. and Dogan, E., (2021). Tiirk ve Diinya Mutfaklarinda Kahvalt1 Uzerine Bir
Calisma, Humanities Sciences, 16(1):71-88,

http://dx.doi.org/10.12739/NWSA.2021.16.1.4C0244, Access date: 16.04.2021.

[7] Say, D., Esen, M.K. and Gtizeler, N., Tiirk Mutfaginda Kahvalti Kiiltiirii, 1. Uluslararasi
Akdeniz Sempozyumu, 37-55, Mersin, 2018.

[8] Giildemir, O., Hakli, G., and Isik, N., Tiirk Mutfagi’nda Kahvaltida Tiiketilen Corbalar
ve Illere Gore Dagilimi, Selguk Un. Sos. Bil. Ens. Der.,(39): 56-66, 2018.

[9] Ozden, B., Changes in the Breakfast Traditions of an Old-World Country: How the
Breakfast Traditions in Turkey have Changed, Causing the Loss of an Important Food
Culture, Dublin Gastronomy Symposium, Dublin, 1-4, 26-27 May, 2020.

[10] Oner, S., Hatay Mutfagi, 4. Geleneksel Gidalar Sempozyumu, 1007, Adana, 17-19
April, 2014,

[11] Ozdemir, F., Giingér, B., Kiiltiirel Bir Deger Olarak Unutulmaya Yiiz Tutmus
Geleneksel Hatay Yemekleri ve Bu Kiiltiirel Degerin Korunmasi1 Onerileri, Journal of
Tourism and Gastronomy Studies, 4(Special issue 1), 190-199, 2016.

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 157


http://dspace.balikesir.edu.tr/xmlui/bitstream/handle/20.500.12462/3600/goksel-kemal-girgin-2.pdf?sequence=1&isAllowed=y
http://dspace.balikesir.edu.tr/xmlui/bitstream/handle/20.500.12462/3600/goksel-kemal-girgin-2.pdf?sequence=1&isAllowed=y
https://dergipark.org.tr/en/download/article-file/611111
http://dx.doi.org/10.12739/NWSA.2021.16.1.4C0244

MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Babat, D., Gokge, F. and Varish, A., Hatay Mutfak Kiiltiiriiniin Stirdiiriilebilirliginde,
Yéresel Yiyecek Ureticilerinin Rolii, 1% International Sustainable Tourism Congress,
816-830, November 23-25, Kastamonu, Turkey, 2017.

Ké&ten, M. and Satouf, M., Farkli Formiilasyonlarda Kahvaltilik Zahter Uretimi ve Baz1
Kalite Ozelliklerinin Belirlenmesi, Gida, 44 (3): 513-522, 2019.

Erci, F., Cakir-Koc, R., and Isildak, 1., Green Synthesis of Silver Nanoparticles using
Thymbra spicata L. var. spicata (Zahter) Aqueous Leaf Extract and Evaluation of Their
Morphology-Dependent Antibacterial and Cytotoxic Activity, Artificial Cells,
Nanomedicine, and Biotechnology, 46(1),150-158.

Mert, A., Sahin, C.B., and Akgali, C.T., Hatay Yoresinde Dogal Olarak Yayilis Gosteren
Baz1 Tibbi Bitkilerin Ekonomik Onemleri ve Kullanimlari, Tiirk Bilimsel Derlemeler
Dergisi, 9 (2): 59-61, 2016.

Dalkilig, N., and Sénmezdag, A.S., Medicinal and Aromatic Plants Common Used in
the Cuisine of Gaziantep, International Congress on Medicinal and Aromatic Plants,
194-197. May 10-12, Konya, 2017.

Kizil, S., Toncer, O., Diraz, E., and Karaman, S., Variation of Agronomical
Characteristics and Essential Oil Components of Zahter (Thymbra spicata L. var.
spicata) Populations in Semi-Arid Climatic Conditions, Turk J Field Crops, 20(2), 242-
251, 2015.

Bozkurt, H., Zahter Yagimn Tiirk Sucugunun Kalitesi Uzerine Etkisi, Tiirkiye 9. Gida
Kongresi, p.923-926, 24-26 Mayis, Bolu, 2006.

Aldanmaz, E.A., Mouhammad, F., and Ates, N., Antakya nin Yéresel Kahvaltiliklarinin
Vazgegilmezi, Kahvaltilik Zahter, Zahter Salatasi ve Salamura Zahter, 4. Geleneksel
Gidalar Sempozyumu, p.1101, 17-19 April, Adana, 2014.

Iflazoglu, N. and Sarper, F., Zahtar and its place in culinary culture: Sample of Hatay
Cuisine, International Journal of Gastronomy and Food Science, 23:100302, 2021.
Joma, M.H., Cay, M., Kilig, LH., and Ozaslan, M., Zahter (Thymbra spicata L. var.
spicata) Bitki Oziitlerinin DNA Koruyucu Aktivitelerinin ve Stenotrophomonas
maltophilia Uzerine Antimikrobiyal Etkisinin Arastirilmasi, Zeugma Biological
Science, 1(2),28-34, 2020.

Bozdemir, C., Tiirkiye’de Yetisen Kekik Tiirleri, Ekonomik Onemi ve Kullanim
Alanlari, Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi, 29(3):583-594, 2019.
Aslan, E., and Arslan, D., Siirt Florasinda Bulunan Thymbra spicata L. var. spicata
Bitkisinin Morfolojik Ozelliklerinin Incelenmesi, ISPEC Tarmm Bilimleri Dergisi,
4(2),294-305, 2020.

Koroglu, E. and Celebioglu, H.U., Effects of Thymbra spicata L. (Zahter), A Medicinal
Plant, on Aggregation Properties of Probiotic Bacterium L. rhamnosus GG,
International Marmara Sciences Congress, 401-405, Kocaeli, December 4-5, 2020.
Kadioglu Dalkilig, L., Dalkilig, S., and Korkmaz, 1., Geleneksel Kahvaltilik Zahterin
Antimikrobiyal Etkisi, Giimiishane Universitesi Fen Bilimleri Enstitiisii Dergisi, 10 (1),
128-133, 2020.

Ucan Turkmen, F., Mercimek Takci, H.A., Sekeroglu, N., Total Phenolic Content,
Antioxidant and Antimicrobial Activities of Homemade and Industrial Samples of
Breakfast Zahter, Herbal Mixture, Akademik Gida, 14(3),242-246, 2016.

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 158



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Ugan, F., Kulak, M., Cimen, G. and Sekeroglu, N., Kahvaltilik Zahterin Besin Degeri
Agisindan Degerlendirilmesi, 4. Geleneksel Gidalar Sempozyumu, 689-693, April 17-
19, Adana, 2014.

Altuntas, E., Giil, E.N., Gok, H., Menengi¢ Meyve ve Tohumlariin Fiziksel, Mekanik
ve Kimyasal Ozelliklerinin Belirlenmesi KSU Tarim ve Doga Dergisi, 23 (6): 1518-
1528, 2020.

Furkan, M.K., Adiyaman Ilinde Yetisen Bazi Bitkilerin Etnobotanik Ozellikleri, Yiiksek
Lisans Tezi, Adiyaman Universitesi Fen Bilimleri Enstitiisii, s.263, 2016.

Atakan, E., Pehlivan, S., and Kaya, C., Adana Ili Susam (Sesamum indicum L.) Uretim
Alanlarinda Bulunan Zararli ve Faydali Tiirlerin Arastirilmasi, Tiirk. Entomol. Biilt., 7
(2): 157-166, 2017.

Kurt, C., Tohum Kabugu Renginin Susam Tohumlarinda Bulunan Demir Igerigi
Diizeyine Etkisi, KSU Tarim ve Doga Dergisi, 21(5): 686-690, 2018.

Kuzumoglu, Y., Glutensiz Tulumba Tatlisi Uretimi ve Bazi Kalite Ozelliklerinin
Belirlenmesi, Yiiksek Lisans Tezi, Pamukkale Universitesi Fen Bilimleri Enstitiisii,
p.69, 2020.

Ataman, C., and Giil, H., Leblebi Uretiminde Yan Uriin Olarak Aciga Cikan Kirik
Leblebi Ununun Mufin Kalitesi Uzerine Etkisi, Black Sea Journal of Agriculture, 3(4):
308-316, 2020.

Bal, M. and Erginkaya, Z., Farkli Nohut Unu Ekstraklarinin, Baz1 Probiyotik
Bakterilerin Gelisimi Uzerine Etkileri, C.U Fen ve Miihendislik Bilimleri Dergisi,
37(1), 114-123, 2019.

Teksoy, S., Karpuz ve Kavun Cekirdeklerinin Bazi Probiyotik Bakterilerin Gelismesi
Uzerine Etkisinin in vitro Incelenmesi, Yiiksek Lisans Tezi, Bursa Uludag Universitesi
Fen Bilimleri Enstitiisii, p.120, 2020.

Giines, R., and Askin, B., Karpuz Cekirdegi Yaginin Kimyasal Ozellikleri ve Besin
Igerigi, Gida, 41 (1): 37-44, 2016.

Hayoglu, 1., Basyigit, B., Hayoglu, G., Atasoy, A.F., Cream Zahter: A Functional Food
Some Chemical and Sensory Properties, Current Research in Nutrition and Food
Science, 4(Sl. 2), 32-36, 2016.

BOOK OF FULL TEXT ISBN: 978-625-7341-21-9 www.akdenizkongresi.org Page | 159



MEDITERRANEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

KINEMATIC ANALYSIS OF A SEVEN DEGREE OF FREEDOM MECHANISM

Ahmet Saygin OGULMUS !, Abdullah OZKAN? , Mustafa TINKIR?

1 Necmettin Erbakan University, Faculty of Engineering, 0000-0001-6498-4318
2 KTO Karatay University, Faculty of Engineering, 0000-0002-6856-8415
3 Necmettin Erbakan University, Faculty of Engineering, 0000-0002-9259-308X

ABSTRACT

In solving the kinematic problem of serial manipulators, it is usually possible to obtain the
equations with matrix algebra using homogeneous transformation method. In systems with a
multi degree of freedom of six and above, these calculations are very difficult to perform. It
becomes very complicated both to obtain forward kinematic equations and to reach the reverse
kinematic solution that provides joint variables if the resulting position equations are non-linear.
In recent years with the development of technology and computer software, it has become quite
easy to solve some complex engineering problems. Today, Matlab is one of the most widely
used programs in solving engineering problems. The Robotic Vision and Control (RVC)
toolbox created by Peter Corke is a Matlab library that facilitates calculations for externally
crafted multi-freedom robots that perform basic calculations such as kinematic, dynamic and
trajectory planning in robotics. The RVC toolbox also provides a practice for transformation
functions between homogeneous transformations and various angle and axis/angle
representations. In this study, kinematic analysis of the seven-degree SPS (Spherical-Prismatic-
Spherical) mechanism consisting of two spherical joints and one prismatic joint was realized.
The forward kinematic equations were obtained using Peter Corke's RVC Toolbox instead of
algebraically solving the combined homogeneous transformation matrix created with Denavit-
Hartenberg parameters while performing kinematic analysis. The purpose of using the RVC
Toolbox when performing forward kinematic calculations is to facilitate kinematic calculations
by reducing the processing load and difficulty of analyzing complex mechanisms. Since the
position equations obtained from forward kinematics are non-linear, it is very difficult to solve
the joint variables to be obtained from reverse kinematics analytically. Therefore, the inverse
kinematic equations of the SPS mechanism were solved numerically using the jacobian matrix.
Pseudo inverse jacobian was obtained because the jacobian matrix created could not be
reversed. Newton-Raphson method was used in the numerical solution taking into account its
simplicity and solution speed. Calculated forward and inverse kinematic solutions are provided
with different position and joint variables.

Keywords: Seven degree of freedom mechanism, spherical and prismatic joint, forward and
inverse kinematic analysis, RVC Toolbox , Pseudo inverse jacobian
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1. INTRODUCTION

The SPS mechanism is basically a seven degree of freedom mechanism consisting of two
spherical and one prismatic joint. Parallel robots usually appear with combine of different
numbers of SPS mechanisms (Tian, Shirinzadeh, & Zhang, 2010). Mechanisms are systems
that can transmit and transform motion. Dynamic analysis of a mechanism consists of two parts:
motion and the forces / moments that enable this motion (Mata et al., 2016). Kinematic Analysis
is the examination of the motion of the mechanism as a function of time without forces and
moments according to a fixed axis set . A motion can be defined and characterized by position,
velocity and acceleration. In the solution of kinematic problem with homogeneous transform
method, it is possible to define the rotation and displacement of moving axes according to a
fixed reference coordinate system determined by matrix. Forward and inverse kinematic
equations are obtained with the compound matrix created using homogeneous transformation
matrices (Duran & Ankarali, 2010). If the degree of freedom of the mechanism is high,
algebraic operations are very difficult to perform. It becomes very complicated both to obtain
forward kinematic equations and to reach the inverse kinematic solution that provides joint
variables in the resulting nonlinear position equations. Today, various computer software that
facilitates our work is used to solve engineering problems. Matlab is one of the widely used
programs in both academic studies and industry. One of the reasons why usage is widespread
is that some utilities and libraries are open source. In this study, the forward kinematic equations
of the SPS mechanism were obtained on the matlab using the Peter Corke’s RVC toolbox. Peter
Corke's Robhotic toolbox is a matlab toolbox that facilitates calculations for highly complex
externally crafted robots that perform basic calculations such as kinematic, dynamic and
trajectory planning in robotics (Corke, 2007). Predictive and corrective algorithms are used for
the numerical solution, which take the sum of the differences of kinematic equations. The
Newton method, also known as the Newton-Raphson method, solves continuous equations
simultaneously (Oh, Orin, & Bach, 1984). It is a common method due to its solution speed and
simplicity.

2. KINEMATIC ANALYSIS
2.1.Forward Kinematics

Denavit and Hartenberg developed a systematic approach by matrix algebra the rotation and
translation of moving axes according to a fixed reference coordinate system, such as Figure 2.1-
a (Denavit et al., 1955).
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a

Figure 2.1 SPS Mechanism a) Link coordinate system b) ZYX Euler angle set

The compound matrix, created using 4x4 homogeneous transformation matrices defined for
two consecutive links connected by sliding or rotating joints, also includes 3x3 rotation and 3x1
translation, as in Equation 2.1, according to the reference coordinate axis of the end effector of
the manipulator.

[ Ny Oy a, Py

. Rotations,; Translations,q n, 0y a, P,
T = = (2.1)

Perspective,,3 Scale Factory n, 0, a, P,

L0 0 0 1

In the spherical joint, the situation is slightly different. The three degree of freedom spherical
joint acts as if there are 3 rotating joints with conflicting origins, but does not make a translation
motion when making the rotational motion. The functional correlation between rotating a rigid
body around a fixed O point ,one axis set relative to another fixed reference axis set can be
obtained as a compound of three consecutive rotations(Shah, Saha, & Dutt, 2009). Euler angles
are the @, 6 and y parameters that determine the position of the moving system according to
the fixed system. In the Denavit-Hartenberg method, robot kinematics were created for each
joint using 4 parameters in Table 2.1.
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Table 2.1 . Denavit —-Hartenberg Parameters

*Oj ai di i
1 O1 - - 90
2 (S7) - - 90
3 O3 - - 90
4 - - da -
5 (S2) - - 90
6 Os - - 90
7 Os - - 90

* ©; : angle between Xi.iand X; about Zi.1 ; ai : link length

0; : angle between Z;.; and Ziabout X;; di : joint off-set

The DH parameters of the SPS mechanism have been transferred to Peter Corke's RVC Tools
(Matlab).

¥ 5P5 Mechanism ** BRVC Tools **

syms Q1 Q2 03 d4 Q4 Q5 Q6 d4

trotz (Ql) *troty (Q2) *trotx (Q3) *tran=s1(0,0,d4) *trot=(Q4) *troty (Q5S) *trotx (Q6)
display(ans)

Figure 2.2 Homogenous Transformation Matrix Solution Codes in RVC Tools

Normally, a lot of processing is required in the calculation of the compound homogeneous
matrix, but with the help of RVC tools, the compound matrix can only be created by encoding,
as in Figure 2.2. In the 3x1 position matrix in Equation 1, forward kinematic equations were
obtained by determining Px, Py, P-, which gives the position of the end effector.

2.2. Inverse Kinematic

Inverse kinematic problems can also be solved by numerical methods using a Jacobian matrix
when they cannot be solved by analytical methods. The Jacobian matrix shows how very small
changes in each joint of the manipulator affect the end effector.
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0Px(q1) 0Px(q2) 0Px(q;)
0q1 0q> aq;
_ aPy(Ql) aPy(QZ) aPy(Qi)
J=0q 242 " g (2:2)
laPz((h) 0P;(q>) aPz(CIi)J
a4, 94 aq;

In equation 2.2, in the general representation of the jacobian matrix, P refers to the position of
the end effector, and q refers to the joint variables. It can be expressed in equations 2.3 and 2.4.
If the inverse of the jacobian matrix can be taken, as in equation 2.5, velocity ; can be expressed
in terms of changes in joint variables.

_ 9P(gq) ,
dP R dq; (2.3)

dP = Jdq (2.4)
dq = J~1dP (2.5)

In order for any A matrix to have an inverse, matrix A must be a nonsinguler and square matrix.
In this case, with the help of the matrix A
AX =B (2.6)

the only existing solution of the linear equation system is X = A~1B. In addition ;

AAT'=A"1A=1 (2.7)
there is a matrix A~ that provides the condition and is called the inversion of the matrix A.
However, there is no inversion in cases where matrix A is not a square matrix or when matrix
A is a square matrix but singular. In these cases, the system can have a solution thanks to a
new concept called the generalized invers (g-invers) matrix, including the properties of the
matrix A~1. Show the set of all matrices of type mxn defined on the C complex number
object. For an A € CI'* matrix, a G matrix that meets moore-penrose requirements is called the
Moore-Penrose (Pseudo Inverse) inversion of the matrix A and is indicated by A* or AT (Buss,
2004).

2.2.The Pseudo Inverse of Jacobian

In the J matrix with the rank r for the jacobian matrix with the rank ] = [aij]mxnr’ the

inversion of any nonsinguler B sub-matrix of type rxr is found and the transpozed is obtained.
In the J matrix, elements of the (B~1)"matrix are placed in the corresponding place for each
element of the sub-matrix B. All other elements of the J matrix are replaced by zero. The
transposed of the resulting matrix is taken. This is a g-inverse of the matrix J, the matrix J7.

Jt=07D7Y" (2.8)
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2.4. Numerical Solutions of Inverse Kinematic

In cases where the inverse kinematic solution cannot be solved analytically, iterative operations
of all joint variables can be performed in a computer environment and solved numerically, as
in the Newton-Raphson method. The numerical solution uses predictive and corrective
algorithms that take the sum of the differences of kinematic equations and requires initial guess
value. The processing load of the iteration is usually related to the quality of the initial guess
value. (Goldenberg, Benhabib, & Fenton, 1985). The closer the initial guess value is to the
result, the faster the solution will occur.

If the position of the end effector obtained in forward kinematic analysis is expressed as p =
f(@) nonlinear position equation and p, desired position and 6, desired joint angles, the
Newton — Raphson method can be written as in equation 2.9. Where Equation 2.9 is expressed
with the Taylor series, equation 2.11 is formed as the first guess value, as in Equation 2.10,
where the first guess value is 6° .]*(9") is a square matrix for calculating joint variables, a and
it has an inverse, resulting in equation of 2.12 that provides iteration.

N(g) =ps— f(8y) =0 (2.9)

f(8) = f(6) + 2—9; (6)(6 — 6%) + (higher order terms)  (2.10)

. a g ”
pa = f(64) = f(6) + é N (64 — 6%) + (higher order terms) (2.11)

—~—
JH(6%)

6+t =0t +J1(6%) (pa — £(6Y)) (212)

Equation 2.12 enables the calculation of the values of joint variables depending on the position
of the robot manipulator's end effector. In order for this cycle to start accounting, estimated
values are given to joint variables with ° index and 6**' variables are calculated . The
calculated 8'+1 values are the values of the 8¢ variables in the next step, and the #:** variables
are calculated again. When the error value ¢ = p; — f (91') reaches the desired value, the
resulting joint variables 8*** become the desired coordinate values of the end effector.

3. RESULTS AND DISCUSSION

In manipulators with a degree of freedom of six or more, kinematic analysis is quite complex.
It is very difficult or impossible to obtain forward kinematic equations and to calculate joint
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variables by analytical methods in the resulting nonlinear position equations. In such
engineering problems, it is widely used today to achieve results by performing numerical
calculations with the help of software. In this study, kinematic analysis of the SPS mechanism
consisting of two spherical and one prismatic joint was performed. Euler angle set was used for
the spherical joints in forward kinematic analysis, DH Parameters were determined and
homogeneous compound transformation matrix was obtained in Matlab with Peter Corke's
Robotics Toolbox. Pseudo inverse jacobian was created from the resulting equations. The
inverse kinematics of the mechanism was resolved iteratively in Matlab by the Newton-
Raphson method.

Table 3.1 Joint variables values found by NR Method
i 0,4 0, 03 d (cm) 0, 05 06 € (%)
0 15° 15° 15¢ 10 15° 15° 15° 0
1 13.012° 15.447° 16.134° 10.008 16.220° 15.000° 14.530° 6.8116
100 -36.583° 12.456° 46.386° 10.576 5.695° 15.000° -25.342° 0.0396
200 -36.795° 12.484° 46.484° 10.578 5.351° 15.000° -25.571° 2.46e-
04

The values in Table 3.1 were calculated with an error of 2.46e-04% by giving the initial values
6! to the joint variables for the desired position of the end effector. In numerical methods, the
performance of iteration is directly proportional to the quality of the initial values. In the first
iteration, there was an error rate of 6.8116%, while in the 100th iteration it fell to 0.0396%.The
difference between 100th and 200th is very small.

Table 3.2 Kinematic Analysis Test Results
i P, P, P, € (%)
Py 8 8 8 0
1 7.1145 15896 7.9641  22.599
100 7.9947 7.9627 7.9991  0.0021
200 7.9995 8.0004 7.9998  0.0008

The values obtained as a result of the iteration were applied as joint variables in forward
kinematic equations and the desired position of the end effector P4 (8,8,8) was found to be P2oo
(7.9995, 8.0004, 7.9998) as in table 3.2 with an error of 0.0008%.

4. CONCLUSIONS

These results prove the accuracy of kinematic analysis. Although the obtained values and
methods used are not as clear as the analytical solution, it is inevitable that they will be used in
complex engineering problems. The analytical solution has a lot of computational difficulty,
but the processing load is low in robot control. However, with the increase in the capabilities
of today's technological equipment, the disadvantage of numerical solution is eliminated.
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