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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
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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,
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13.11.2020

SESSION-1

Turkey’s Time: 10% - 12%

MODERATOR: Prof. Dr. Sennur CANDAN

Fatma BAYATA

Istanbul Bilgi University

THE INVESTIGATION OF METAL OXIDE BASED
THERMOLECTRIC MATERIALS FOR AUTOMOTIVE
APPLICATIONS

Prof. Dr. Sennur CANDAN
Faruk URAL
Prof. Dr. Harun MINDIVAN
Prof. Dr. Ercan CANDAN

Necmettin Erbakan
University
Bilecik Seyh Edebali
University

INFLUENCE OF PRODUCTION METHODS ON THE
FATIQUE PROPERTIES OF AISI 8620 STEEL GEARS

Prof. Dr. Sennur CANDAN
Ugur KANDEMIR
Prof. Dr. Ercan CANDAN

Necmettin Erbakan
University

IMPROVEMENT OF CORROSION RESISTANCE OF
AZ91 MAGNESIUM ALLOY BY Ti AND B MICRO-
ALLOYING

Assist. Prof. Dr. Dilsad AKGUMUS GOK

Istanbul Aydin University

INSPECTION OF THE ARMATURE PART MADE
WITH THE INVESTMENT CASTING
METHOD WITH DESTRUCTIVE AND NON-
DESTRUCTIVE TESTING METHODS

Aliniza ALTINSOY
Assist. Prof. Dr. Yusuf ARSLAN

Diizce University

INVESTIGATION OF THE MECHANICAL
CHARACTERISTICS OF THE CRYOGENIC
PROCESSED POLYOXYMETHYLENE MATERIAL AT
DIFFERENT TIMES

Res. Assist. Hagim Firat KARASU
Assist. Prof. Dr. Melih BELEVI
Aziz BASDEMIR

Dokuz Eylul University

APPLICATION OF PROBABILITY BASED APPROACH
IN DESIGN OF COMPOSITE DISC SPRINGS

Res. Assist. Hagim Firat KARASU
Assist. Prof. Dr. Melih BELEVI

Dokuz Eylul University

DESIGN FOR SIX SIGMA IN BELLEVILLE SPRINGS

Aziz BASDEMIR
Bayrier;“gé‘SRDLEN a1 lf)‘gft’;’;ajé’;’zzfggf EXPERIMENTAL INVESTIGATION OF COOLING OF
ram e e RUBBER CYLINDER IN EMBOSSING SYSTEM

Dr. Ash GUNAY BULUTSUZ

Yildiz Technical University

MECHANICAL AND CORROSION BEHAVIOR OF
DEFORMED BIODEGRADABLE IMPLANTS
MATERIALS
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MODERATOR: Prof. Dr. Erol EGRIOGLU

Assoc. Prof. Seydi Battal Gazi KARAKOC
Derya SUCU

Nevsehir Hact Bektas Vel NUMERICAL SOLUTIONS OF THE GEW EQUATION
University WITH FINITE ELEMENT METHOD

Assoc. Prof. Levent OZBEK

A STUDY ON A NEW ESTIMATING GROWTH MODEL
OF ADANA PIGEONS USING DISCRETE-TIME
STOCHASTIC GOMPERTZ MODEL AND ADAPTIVE
KALMAN FILTER

Ankara University

Assoc. Prof. Levent OZBEK
Fikri OZTURK

A STUDY ON NON-LINEAR DISCRETE-TIME STATE-
SPACE NODELS AND ADAPTIVE EXTENDED
KALMAN FILTER APPLICATION ON OSCILLATION
OF AN OBJECT TIED TO THE END OF SPRING

Ankara University

Prof. Dr. Erol EGRIOGLU
Prof. Dr. ROBERT FILDES
Assoc. Prof. Eren BAS

Giresun University RECURRENT FUZZY TIME SERIES FUNCTIONS
Lancaster University APPROACHES FOR FORECASTING

Prof. Dr. Erol EGRIOGLU
Assoc. Prof. Eren BAS

ANEW AUTOMATIC FORECASTING METHOD
Giresun University BASED ON SINGLE MULTIPLICATIVE NEURON
MODEL ARTIFICIAL NEURAL NETWORKS

Prof. Dr. Erol EGRIOGLU
Assoc. Prof. Dr. Eren BAS

ANEW RECURRENT DENDRITIC NEURON MODEL
Giresun University ARTIFICIAL NEURAL NETWORK FOR TIME SERIES
FORECASTING

Prof. Dr. Erol EGRIOGLU
Assoc. Prof. Dr. Eren BAS

MULTIVARIATE PICTURE FUZZY TIME SERIES:
DEFINITIONS AND A FORECASTING METHOD

Giresun University BASED ON PI-SIGMA ARTIFICIAL NEURAL

NETWORKS
Res. Asst. Ilgim YAMAN KGa l:j;gzg :’}Z;%”;;é(yl z PORTFOLIO OPTIMIZATION BASED ON FUZZY
Prof. Dr. Tiirkan ERBAY DALKILIC University INFERENCE SYSTEM
Res. Asst. Ilgim YAMAN Siresun University. A STUDY ON PORTFOLIO OPTIMIZATION BASED ON
Prof. Dr. Tiirkan ERBAY DALKILIC University FUZZY INFERENCE SYSTEM
Assist. Prof. Dr. Cevahir Doganay GUN Gaziantep University BERNSTEIN-NIKOLSKII TYPE INEQUALITIES FOR

Prof. Dr. Fahreddin ABDULLAYEV

Kyrgyz —Turkish Manas

University ALGEBRAIC POLYNOMIALS IN REGIONS

Zoom Meetings ID:
824 2337 5993

PASSWORD:
112020
> :/
/




13.11.2020 SESSION-1

Turkey’s Time: 10% - 12%

MODERATOR: Assist. Prof. Dr. Sezai ARSLAN

Samil OZTURK Canakkale Onsekiz Mart INDUCED PLURIPOTENT STEM CELLS AND
Latife Ceyda IRKIN University INNOVATIONS
flhan OZDEMIR Atatiirk University
Samil OZTURK Canakkale Onsekiz Mart THE EFFECT OF RECURRING STEM CELL
flhan OZDEMIR University APPLICATION ON IMPLANTATION IN
Latife Ceyda IRKIN Atatiirk University EXPERIMENTAL INTRAUTERIN MODEL
AS%?:)%PBT'% rfa iii%%%séfl\} TEkird‘zlg;l f\v’ g}{g{’; Kemal INVESTIGATION OF THE PRESENCE OF
Assist. Prof. Dr. Kudret YENILMEZ Pendik Veterinary Control | LEISHMANIA INFANTS%I%I\?OGS INTHE THRACE
Dr. Nesrin TURAN Institute
Assist. Prof. Dr. Sezai AR%LAN
Prof. Dr. Nuri ALTUG e e THEIMPORTANCE OF PROCALCITONE, C REACTIVE
Assoc. Prof. Mustafa Necati MUZ Teiar 9 fZ g}{?l?tyKema PROTEIN, NITRIC OXIDE AND ADENOSINE

Prof. Dr. Nazmi YUKSEK
Assoc. Prof. Yildiray BASBUGAN
Assoc. Prof. Ozlem ORUNC KILINC

Van Yiiziincii Yil University

DEAMINASE LEVELS IN SHEEP WITH NATURAL
BABESIOSIS

Assoc. Prof. Ismail YILDIZ
N. Firat DICLE

Van Yiiziincii Yil University

MORPHOLOGY AND MOLECULAR PHYLOGENY OF
Spathidium sp. (Ciliophpra, Spathidiida) ISOLATED
FROM COASTAL SANDS OF LAKE VAN

Naciye Giilkiz SENLER
Assoc. Prof. Ismail YILDIZ
Deniz SIRIN
Hilal URAL

Tekirdag Namik Kemal
University
Van Yiiziincii Yil University

PHYLOGENY OF FIVE SOIL DILEPTID SPECIES
(Ciliophora, Litostomatea,thynchostomatia) FROM
TEKIRDAG, TURKEY

>>> > ISPEC;

Zoom Meetings ID:
824 2337 5993
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SESSION-2

Turkey's Time: 1230 - 14%

MODERATOR: Dr. Fahrettin SARCAN

Hiiseyin Okan Durmusg
Dr. Emel Cetin An
Dr. Baki Karaboce
Prof. Dr. MirHasan Yu. Seyidov

Gebze Technical University
TUBITAK National Metrology
Institute
TUBITAK National Metrology
Institute

INVESTIGATION OF TEMPERATURE EFFECTS OF A
635 NM LOW POWER SOLID-STATE LASER ON
TISSUE- MIMICKING MATERIALS USING TWO

DIFFERENT THERMOCOUPLES

Res. Assist. Dr. Kagan SARLAR

Karamanoglu Mehmetbey
University

ESTIMATING THE PHASE STRUCTURE OF HIGH
ENTROPY ALLOYS BY USING VARIOUS PHYSICAL
PARAMETERS BY MACHINE LEARNING

Dr. Wael. HAJAHMAD

Erzincan Binali Yildirim
University, RWTH Aachen
University

SEARCH FOR LEPTON FLAVOR VIOLATION IN Z
BOSON DECAYS INTO ELECTRON AND MUON WITH
THE CMS DETECTOR AT THE LHC

Dr. Wael. HAJAHMAD

Erzincan Binali Yildirim
University, RWTH Aachen
University

SIMULATION OF SIGNAL MONTE CARLO SAMPLES
OF LEPTON FLAVOR VIOLATING DECAYS OF Z
BOSON INTO ELECTRON AND MUON

Dr. Omer SEVGILI

Bingdl University

ELECTRICAL CHARACTERISTICS OF Al/(ORGANIC
INTERLAYER)/p-Si SCHOTTKY DIODES UNDER
VARIOUS ILLUMINATION INTENSITIES

Dr. Fahrettin SARCAN

Istanbul University

PHOTOCONDUCTIVE PROPERTIES OF MgNiO AND
ITS OPTOELECTRONIC APPLICATIONS

Dr. Fahrettin SARCAN

Istanbul University

A LOW VACUUM PRESSURE SENSOR BASED ON ZnO
NANOPARTICLES

)
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13.11.2020

SESSION-2

Turkey's Time: 1230 - 14%

MODERATOR: Assist. Prof. Dr. Yusuf AKBABA

Assist. Prof. Dr. Gediz UGUZ
Assist. Prof. Dr. Kiirsat GULTEKIN

Ondokuz May1s University

PREPERATION AND CHARACATERIZATION OF
NANO BORON NITRIDE REINFORCED EPOXY
ADHESIVES

Assist. Prof. Dr. Kiirsat GULTEKIN
Assist. Prof. Dr. Gediz UGUZ
Prof. Dr. Adnan OZEL

Ondokuz Mayis University
Erzincan Binali Yildinim
University

EXPERIMENTAL ANALYSIS OF NANO BORON
CARBIDE DOPED SINGLE LAP JOINTS SUBJECTED
TO TENSILE LOADING

DETERMINATION OF METAL CONTENTS OF THE

Ismail YENER

Dicle University

ROOT PART OF THE SPECIES OF ISKIN (Rheum ribes
L.) PURCHASED FROM THE MARKET BY USING ICP-
MS

Assist. Prof. Dr. Halil ILKIMEN
Gozde SALUN
Birsel ILKIMEN
Prof. Dr. Cengiz YENIKAYA

Kiitahya Dumlupinar
University

SYNTHESIS and CHARACTERIZATION of Ni(II), Cu(II)
and Cd(II) METAL COMPLEXES of 4-CHLORO-3-
SULFAMOILBENZOIC ACID

Assist. Prof. Dr. Halil ILKIMEN
Go6zde SALUN

Kiitahya Dumlupinar

SYNTHESIS and CHARACTERIZATION of Mg(II), Fe(II)
and Co(II) METAL COMPLEXES of 4- CHLORO-3-

Birsel ILKIMEN University
Prof. Dr. Cengiz YENIKAYA SULFAMOILBENZOIC ACID
Eraurum Technical Universi SYNTHESIS OF NICOTINOYL THIOUREAS FROM
y VARIOUS AMINES

Assist. Prof. Dr. Bunyamin OZGERIS

Assist. Prof. Dr. Yusuf AKBABA

Erzurum Technical University

SYNTHESIS OF NOVEL SYMMETRICAL UREAS
COMPOUNDS FROM SUBSTITUED 2-AMINOINDANE
AND 1-AMINOTETRALINE DERIVATIVES

Assist. Prof. Dr. Hasan AGIL

Hakkart University

PHASE FORMATION AND MICROSTRUCTURE
PROPERTIES OF MgB, SUPERCONDUCTOR
SYNTHESIZED BY IN-SITU SPARK PLASMA

SINTERING

Asst. Prof. Dr. Senol YAVUZ

Hitit University

SYNTHESIS AND CHARACTERIZATION OF NEW
NAPHTHAQINONE COMPOUNDS BY REACTION OF
HALONAPHTHAQUINONES WITH S- AND N-GROUP

NUCLEOPHILS

)
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13.11.2020

SESSION-2

Turkey's Time: 1230 - 14%

MODERATOR: Dr. Yildiray ANAGUN

Dr. Yildiray ANAGUN

Eskisehir Osmangazi

ONE-SAMPLE-BASED FACE RECOGNITION USING

University DEEP LEARNING
. ; Burdur Mehmet Akif Ersoy PREDICTION OF HEART DISEASE USING SUPPORT
Assist. Prof. Dr. Onur SEVLI University VECTOR MACHINE
. ; Burdur Mehmet Akif Ersoy DETECTION OF FACE MASK USAGE BY DEEP
Assist. Prof. Dr. Onur SEVLI University CONVOLUTIONAL NEURAL NETWORKS

Lect. Mert DEMIR

Izmir Kavram Vocational
School

RADAR USING ELECTROMAGNETIC WAVES

Lect. Mert DEMIR

Izmir Kavram Vocational
School

VECTOR IDENTIFICATION OF OBJECT FOR QUICK
OBJECT RECOGNITION

Erdem UYSAL
Dr. Abdullah ELEWT
Assoc. Prof. Erding AVAROGLU

Mersin University

INTERNET OF THINGS BASED SMART PARKING
SYSTEM DESIGN AND IMPLEMENTATION

Eren GUL )
Assist. Prof. Dr. Aytac GOREN

Dokuz Eyliil University

SIMULATION FOR STRUCTURAL HEALTH
MONITORING WITH ACCELERATION DATA USING
CUSTOM PEAK PICKING METHOD

Sibel CANAZ SEVGEN .
Yesim ALIEFENDIOGLU TANRIVERMIS

Ankara University

MASS APPRAISAL USING ARTIFICIAL NEUREUL
NETWORK

Zoom Meetings ID:

824 2337 5993
PASSWORD:
112020
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Turkey’s Time: 10% - 12%
200Mm

MODERATOR: Assist. Prof. Dr. Levent BOSTANCI

EFFECT OF CROPPED CARBON FIBER INCLUSION
Assist. Prof. Dr. Levent BOSTANCI Beykent University ON MECHANICAL PROPERTIES OF HYBRID FLY ASH
MORTARS AT EARLY STAGE OF HYDRATION

STRUCTURAL PERFORMANCE EVALUATION OF
HISTORICAL CARDAK CARAVANSERAI IN DENIZLI
BY PERFORMING LINEAR ANALYSES

Istanbul Aydin University,

Esra SAHIN Istanbul Technical University

DETERMINATION OF THE NATURAL
Hakan SARIKAYA Usak University RADIOACTIVITY OF BUILDING MATERIALS USED IN
USAK PROVINCE AND SURROUNDING AREAS

Res. Assist. Erdal KESGIN
Kadir GEZICI 5 Yildiz Technical University
Prof. Dr. Hayrullah AGACCIOGLU

HYDROLOGICAL EVALUATION OF SPORTS FIELDS
DRAINAGE

DEFLECTION PREDICTION FOR RC BEAMS HAVING

Assoc. Prof. Dr. Ilker KALKAN Kirikkale University HIGH REINFORCEMENT RATIOS THROUGH
Asst. Prof. Dr. Bogachan BASARAN Amasya University DIFFERENT EFFECTIVE MOMENT OF INERTIA
EXPRESSIONS
Assoc. Prof. Dr. flker KALKAN Kirtkkale University APPLICATION AND COMPARISON OF PLOTTING

METHODS FOR ESTIMATION OF LATERAL

Asst. Prof. Dr. Bofaghan BAJARAN Amasya University TORSIONAL BUCKLING LOADS OF RC BEAMS

Mehmet ULGER . Ankara Universi MODEL APPROACH TO FORECASTING THE EFFECT
Assoc. Prof. Yesim TANRIVERMIS Y OF COASTAL EROSIONS ON REA L ESTATE VALUE

RESEARCH OF THE EFFECTS OF RESIDENTIAL
Gazi University BALCONIES AS SOUND BARRIERS AGAINST
ENVIRONMENTAL NOISE

Hilal USTUNER
Prof. Dr. Fisun DEMIREL

STUDYING THE IMPACT OF CRUMB RUBBER ON
THE SETTING TIME OF SELF-COMPACTING
MORTAR

Stileyman IPEK Bingél University
Kasim MERMERDAS Harran University

Assoc. Prof. Dr. Veysel GUMUS
Ramyar Sabah ISMAEL Harran University
Assist. Prof. Dr. Oguz SIMSEK

TREND ANALYSIS OF PRECIPITATION AND
TEMPERATURE IN ERBIL, IRAQ

),

Zoom Meetings ID:
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14.11.2020

Turkey’s Time: 10% - 12%

SESSION-1

MODERATOR: Assist. Prof. Dr. Adem OZCELIK

Erdal CILGIN

Dicle University

EXPERIMENTAL INVESTIGATION OF THE EFFECT

OF ALCOHOL (METHANOL) ADDED TO DIESEL
BIODIESEL BLEND FUELS ON DIESEL ENGINE

EMISSIONS

ATHREE DIMENSIONAL PRINTED-GLASS HYBRID

Assist. Prof. Dr. Adem OZCELIK Aydin ‘[“J‘fgg:r?ftznderes MICROFLUIDIC DEVICE FOR DROPLET
GENERATION
rhun GZER DESIGN, INSTALLATION AND TESTS OF TEST
A TOBB SETUP FOR A PLATE AND FIN TYPE HEAT

Prof. Dr. Selin ARADAG

TED University

COOLER

EXCHANGER USED AS A HELICOPTER ENGINE OIL

Abdullah YILDIZ
Prof. Dr. Adnan OZEL

Erzincan Binali Yildirnim
University

AN INVESTIGATION OF ADHESIVELY BONDED
JOINTS BEHAVIOR UNDER IMPACT LOADS

Damla OZDEMIR
Prof. Dr. Biilent EKMEKCI

Zonguldak Biilent Ecevit
University

INVESTIGATION OF ELECTRICAL DISCHARGE
MACHINED Ti-6A1-4V SURFACE BIO-
COMPATIBILITY WHEN USING SILVER-
HYDROXYAPATITE POWDER SINTERED TOOL

ELECTRODES

Mahmut Berkan ALiSiNOGLU
Hasan Ali CIVELEK
Kadir CAVDAR

Beka-Mak Machinery R & D
Center
Bursa Uludag University

MODELING AND CONTROL OF TWIN PARALLEL
AXIS LINEAR SERVO MECHANISMS FOR GANTRY
TYPE HEAVY DUTY SAW MACHINES

Hasan Ali CIVELEK )
Mahmut Berkan ALISINOGLU
Kadir CAVDAR

Beka-Mak Machinery R & D
Center
Bursa Uludag University

THE EFFECT OF CUTTING SPEED ON CUTTING
TOOL TEMPERATURE IN BAND SAW MACHINES

Mehmet Biilent YASAR
Assist. Prof. Melih BELEVI

Dokuz Eylul University

ANALYSIS OF CONTACT STRESS IN A CYCLOID
REDUCER BY THE FINITE ELEMENT METHOD

Mehmet Biilent YASAR
Assist. Prof. Melih BELEVI

Dokuz Eylul University

SUPPORT

FUNDEMENTAL CONCEPTS IN CYCLOID REDUCER
AND CYCLOID REDUCER DESIGN WITH SOFTWARE

)
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MODERATOR: Assist. Prof. Dr. Elif Burcu BALI

Esra ERDOGAN Malatva inénii Universi IN VITRO INTERACTIONS OF ANTIBIOTICS WITH
Selami GUNAL y by DRUGS USED IN CHRONIC DISEASES
Esra ERDOGAN _ CANDIDEMIA IN ADULT INTENSIVE CARE UNITS:
Leman ACUN DELEN Malatya Inénii University ANALYSIS OF A 4-YEAR PROCESS IN A TERTIARY
Mehmet Mustafa ERDOGAN HOSPITAL IN TURKEY
SCHIFF BASE-POLOXAMER P85 COMBINATION
TihaeB?ﬁtg gc;AKﬁL Veditepe Uniersiy DEMONSTRATES ANTI-PROLIFERATIVE EFFECT
y5egu! . P ON PROSTATE CANCER CELLS IN VITRO
Fikrettin SAHIN
Hatice Burcu SISLI
Tiﬁ;“;gffgﬁ?& ACTIVATION OF WNT PATHWAY REPRESS
o Yeditepe University PROLIFERATION AND INVASIVENESS OF
Derya SAGRAG CHORDOMA CELLS
Binnur KIR@TLI
Aysegiil DOGAN
Assist. Prof. Dr. Elif Burcu BALI Gazi University CHLOROQUINE ACTIVATES CUL3-P62 MEDIATED
Gulsah ALBAYRAK Ufuk University AUTOPHAGY IN A549 LUNG CANCER CELLS
Hiisevin ABDIK Istanbul Sabahattin Zaim DIFFERENTIATED PREADIPOCYTES PROMOTE
Fikretytm SAHIN University PROSTATE CANCER PROGRESSION IN INDIRECT
Yeditepe University CO-CULTURE MODEL IN VITRO
J al}g‘)bi'oﬂ%lo J eﬁné.fer. Efe Delta State University  PALMAR CREASE VARIATION AMONG THE ANIOMA
mo OOS(;h gya(\’d do 1 Redeemer’s University PEOPLE OF NIGERIA

)
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14.11.2020

SESSION-1

Turkey’s Time: 10% - 12%

MODERATOR: Prof. Dr. Melek OZKAN

Esra MESE ERDOGAN
Prof. Dr. Melek OZKAN

Gebze Technical University

USE OF LEAD CONTAMINATED WATER HYACINTH
PLANT IN BIOBUTANOL FERMENTATION BY
Clostridium acetobutylicum DSM 1732

Yusuf Yekta GUZEL
Assist. Prof. Dr. Melis UZAI}
Assoc. Prof. Nursu TUNALIOGLU

Yildiz Technical University

EXTRACTION OF GREEN AREAS WITH DEEP
LEARNING

Mehmet Fatih GOKCEN
Assist. Prof. Dr. Melis UZAR

Yildiz Technical University

ACCURACY ANALYSIS OF ORTHOPHOTOS
PRODUCED BY UAV-PHOTOGRAMMETRY AT OPEN-

Assoc. Prof. Nursu TUNALIOGLU CAST MINING AREAS
Assoc. Prof. Cumhur SAHIN R —— DLT CALIBRATION OF FISH EYE CAMERAS USED IN
ilkay Murat ERTEKIN y PANORAMIC SENSING
. INVESTIGATION OF WATER SOLUBLE IONS IN
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THE INVESTIGATION OF METAL OXIDE BASED THERMOLECTRIC MATERIALS FOR
AUTOMOTIVE APPLICATIONS

Fatma BAYATA

Istanbul Bilgi University, Department of Mechanical Engineering

ABSTRACT

Internal combustion engines use a nearly 30% of thermal efficiency obtained from fossil fuels and more than
60% energy in form of heat is wasted. The recovery of this high amount of waste heat makes crucial
contribution to reducing the fuel consumption in vehicles. Converting the heat loss to electrical energy using
thermoelectric (TE) devices seem to be one of the most practical and economical solution to derive benefit
from waste heat. The TE devices integrated to exhaust manifold can transform the heat to electricity. This
produced electrical energy can be utilized by vehicle electrical components such as heating-cooling systems,
lighting, sensors, etc. and hence the fuel saving can be obtained by eliminating the energy consumed for
electrical components. However, the low performance of TE materials limits the usage area of these energy
conversion devices. In the present study, Ca 3 Co 4 O 9 metal oxide based TE materials were preferred and
investigated for waste heat recovery automotive applications since they have high thermal stability, high
tolerance against oxidation and low toxicity characteristics at high operation temperatures. The performance
of TE materials is expressed by the magnitude of ‘figure of merit (ZT)’ value. ZT is a positive function of
Seebeck coefficient and electrical conductivity, and negative function of thermal conductivity. Here, the main
difficulty is increasing ZT value because the electrical conductivity and thermal conductivity are two
interrelated properties. In this study, sol-gel process was used for the production of TE materials. Then the
synthesized TE materials were characterized using SEM, XRD and their performances were examined using
Seebeck Coefficient/Electrical Resistance Measurement System and Laser Flash thermal conductivity
measurement instruments. The Seebeck coefficient, electrical conductivity and lattice thermal conductivity
values were controlled separately by heat treatment conditions and as a result Ca 3 Co 4 O 9 based metal oxide
TE materials with high ZT value were obtained.

Keywords: Internal combustion engine, energy conversion, thermoelectrics
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OZET

8620 kalite malzeme makine ve otomotiv sanayinde, disli ¢ark, pim, mil, salter kovani, soguk sekillendirilen
piston pimleri, zincir baklalar1 ve benzeri pargalarda kullanilir. Ayni zamanda sementaston ve nitrasyon (yiizey
sertlestirmeye) islemine uygun bir malzemedir. Cekirdekte yumusak ve toklugun istenildigi, yilizeyde ise sert
ve aginmaya dayanikli olan ve darbeli yerlerde tercih edilen esnek bir yapi ¢eligi olmasindan dolay1 6zellikle
agir yiik disli gark yapiminda kullanilmaktadir. Amerikan Disli Ureticileri Birligi (AGMA) ulusal standardinda
dis bozukluklari; yiizey yorulma hasarlari, aginma, plastik akma, kirilma ve imalat sirasinda olusan hasarlar
olarak simiflandirilmigtir. Agir yiik altinda calisan planet digliler yaygin olarak 8620 kalite celikten
yapilmaktadir ve genellikle yataklama hatalarindan kaynaklanan titresim ve buna bagli yorulmalar kaynakli
hasar gosterirler. Dislilerdeki yorulma davranislart deneysel ¢aligmalarla belirlenerek dislinin nasil
davranacagi tasarlanmalidir.

Bu caligmada, 8620 kalite celikten yapilan dislilerin haddelenme ve dovme (hadde+ddvme) yontemi ile
iiretilmesi ve buna bagli yorulma davraniglar karsilastirilmistir. Dovme dislilerin iiretimi i¢in hadde biyetlerin
doviilmesi ve daha sonra disli agilmas1 yoluna gidilmistir. Uretilen dislilere sementasyon islemi uygulanmustir.
Mikroyap1 incelemeleri optik mikroskop yardimiyla yapilmigtir. Numunelere sertlik ve g¢ekme deneyleri
uygulanmistir. Yorulma deneyleri, {i¢ nokta egme deney diizeneginde tekrarl yiikleme ile gergeklestirilmistir.
Ayrica, yorulma kirilmasi yilizeyleri taramali elektron mikroskobu (SEM) yontemi ile incelenmistir.

Sonuglar, 8620 kalite ¢eligin dovme sonucu tokluk ve yorulma mukavemetinin dikkate deger oranda arttigini
gostermistir. Hadde biyetlerden islenen numunelerin digleri 12 ¢evrim sonunda yorulma sonucu kirilirken,
doviilmiis numuneler 85 ¢evrimin ardindan yorulma kirilmasina maruz kalmislardir.

Anahtar Kelimler: Planet disli sistemleri, Yorulma, AISI 8620
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ABSTRACT

8620 quality steel is used in many engineering parts including, machinery and automotive, gear wheel, pin,
shaft, switch sleeve, cold formed piston pins, chain links etc. It is also a suitable material for cementation and
nitration (surface hardening) leads to the production of heavy-duty gear wheels due to its flexible structure that
is soft and tough in the core, hard and abrasion resistant on the surface impact areas. American Gear
Manufacturers Association (AGMA) national standard classifies main reasons for gear surface fatique
damages as; wear, plastic flow, cleavage and manufacturing damages. Planetary gears operating under heavy
loads are commonly made of 8620 quality steel and generally show damage due to vibration and fatique caused
by bearing errors. It must be designed how the gear will behave by determining the fatique behaviours in the
gears under experimental studies.

In this study, production of the gears rolled and forged (roll+forge) forms and their associated fatique properties
have been investigated. Machining of gear teeth has been carried out from the rolled and forged billets.
Cementation processing has also been applied to the produced gear teeth. Microstructural investigations were
carried out by using optical microscopy. Hardness and tensile tests were applied to the produced samples. Their
fatique properties were evaluated by using three-point bending tests under the repeated loadings. Additionally,
scanning electron microscopy (SEM) analysis were used for the investigation of the ruptured surfaces.

Results showed that both ductility and fatique strengths of the 8620 steel were improved considerably after the
forging. Fatique strengths of the samples produced form rolled billets raptured after the 12 repeats while the
forged samples ruptured after 85 repeats.

Keywords: Planetary gear systems, Fatique, AISI 8620
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OZET

Magnezyum (Mg), diisiik yogunlugu nedeniyle mikro elektronik, telekomiinikasyon, otomotiv ve uzay
endiistrisi gibi bir¢ok miihendislik alaninda kullanilan en hafif metalik miihendislik malzemesidir. Ayni
zamanda, Mg diisiik toksik, biyo-uyumlu ve biyo-bozunur bir metal olmasi nedeniyle son yillarda biyo-
bozunurluluk iizerine yogun calismalar yapilmaktadir. Ancak, Mg’ un dayaniminin diisiikk olmasi nedeniyle
kullanim alanindaki sinirlamalar degisik alasimlarin Uretilmesine yol agmistir. Diger Mg alasimlar ile
karsilagtirlldiginda, AZ serisi (Al ve Zn ile alasimlandirilan grup) ozellikle AZ91 Mg alagimi (Mg-%9Al-
%1Zn) sahip oldugu iyi dokiim ve yiiksek mekanik 6zellikleri sayesinde One ¢ikmasina ragmen diigiik
korozyon direnci bu alagimin kullanim alanlarim kisitlamaktadir. Korozyon direncinin artirilmasi igin yiizey
islemleri veya mikro-alagimlama gibi yontemler iizerine ¢alismalar yapilmaktadir.

Bu c¢alismada, agirlik¢a 9%0.3Ti ve %0.3Ti+ 0.06B (TiB) ile mikro-alagimlandirilmig AZ91 Mg alagimlarinin
mikroyapt ve korozyon davraniglari karsilastirmali olarak incelenmistir. Mikroyapi analizleri Taramali
Elektron Mikroskobu (SEM) ve X Isin1 Difraktometre (XRD) kullanilarak yapilmistir. Korozyon caligmalari
%3.5 NaCl ¢ozeltisinde, daldirma deneyi (3, 7 ve 21 giin) ve elektrokimyasal 6l¢iimler ile degerlendirilmistir.
Mikroyapi ¢alismalari, AZ91 Mg alasimina Ti veya TiB mikro-alagimlama ile yapidaki taneler aras1 B (Mg 17
Al 12 ) intermetalik fazinin siirekliligini azalttigim ve fazin daha ince yapiya doniistiigiinii gostermistir.

Korozyon testi sonuglari, AZ91 alagiminin korozyon direncinin Ti veya TiB ile mikro- alagimlama ile arttigina,
ancak TiB ile mikro alasimlamanin korozyon direncinde en iyi sonucu verdigini gostermistir. AZ91 alagimlar
ile kiyaslandiginda Ti ve TiB ile mikro alasimlandirilmig AZ91 alagimlarinin korozyon 6zelliklerinin daha iyi
olmasinin nedeni, mikroyap1 igerisindeki Mg 17 Al 12 intermetalik fazinin miktar1 ve morfolojisindeki degisim
ile birlikte tane inceltme etkilerine dayandirilmistir.

Anahtar Kelimeler: AZ91 Mg alagimi, AZ91Ti alasimi, AZ91TiB alagimi, Mikroyapi, Korozyon

ABSTRACT

Magnesium (Mg) is the lightest metallic engineering material used in many engineering fields such as micro
electronics, telecommunications, automotive and space industries due to its low density. Since Mg is a low
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toxic, biocompatible and biodegradable metal, intensive studies have been carried out on its biodegradability
in recent years. However, due to its low strength, led to the production of various Mg alloys for usage in some
areas. Compared to other Mg alloys, AZ series (Al and Zn alloyed group) especially AZ91 Mg alloy (Mg-9
%AI-1% Zn) stands out due to its good casting and high mechanical properties, but its low corrosion resistance
limits the usage areas of this alloy in certain environments. Recent studies are focused on methods such as
surface treatments or micro-alloying to increase corrosion resistance.

In this study, microstructure and corrosion behaviours of AZ91 alloy micro-alloyed with 0.3 wt.% Ti and 0.3
wt.% Ti+0.06B (TiB) were investigated. The micro structures of Mg alloys were analysed by Scanning
Electron Microscopy (SEM) and X-Ray Diffractometer (XRD). Their corrosion behaviours were evaluated by
immersion tests (3, 7 and 21 days) and electrochemical measurements in wt. 3.5% NaCl solution.
Microstructural studies have shown that Ti or TiB micro-alloying to AZ91 Mg alloy reduces the continuity of
the intermetallic phase B (Mg 17 Al 12)) in the structure and the phase transforms into a finer structure.

Corrosion test results showed that the corrosion resistance of AZ91 alloy increased by micro- alloying with
Ti or TiB, however micro-alloying with TiB resulted in the best result in corrosion resistance. The reason for
the better corrosion properties of AZ91 alloys micro- alloyed with Ti and TiB, compared to AZ91 alloys,
attributed to the grain refining effects, together with the change in the amount and morphology of the Mg 17
Al 12 intermetallic phase in the microstructure.

Keywords: AZ91 Mg alloys, AZ91Ti alloys, AZ91TiB alloys, Microstructure, Corrosion
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OZET

Kalip malzemeleri, kaliplama yontemleri, ergitme ocaklari, dokiim malzemeleri gibi alanlarda siirekli
gelistirilen dokiim teknolojisi gilinlimiizde yaygin olarak kullanilan bir iiretim yontemi haline gelmistir.
Gilinlimiizde dokiim teknolojisinde yer alan en ileri yontemlerden birisi de hassas dokiim yontemidir. Hassas
dokiim yontemi, diger imalat yontemleri ile iiretimi zor ve pahali olan kompleks sekilli pargalarin, yiiksek
boyutsal hassasiyette hemen hemen higbir yiizey islemi gerektirmeden seri iiretimini miimkiin kilmaktadir. Bu
yontem balmumu veya plastikten hazirlanan harcanan bir modelin etrafi oda sicakliginda sertlesen bir refrakter
camurla sarilmakta ve sonrasinda iceride kalan mum eritilerek olusan kalip bosluguna ergimis metal
doldurulmasi seklinde gergeklestirilmektedir.

Paslanmaz gelikler yiiksek korozyon direngleri, yiiksek ve diisiik sicaklik dayanimlari, iyi mekanik &zellikler
gostermeleri, sekil verme kolaylig1 ve estetik goriiniimleri gibi bircok 6zellikleri nedeniyle kimya, enerji,
insaat, otomotiv ve gida gibi farkli endiistrilerde kullanim alan1 bulmaktadir. Paslanmaz celikler diger ¢eliklere
oranla daha pahali olmalarinin disinda bakimlarinin ucuz ve kolay olmasi, uzun 6miirlii olmalari, tiimiiyle geri
kazanabilmeleri ve ¢cevre dostu bir malzeme olmalari ile imalat agisindan avantajlar saglar. Par¢anin tiim 6mrii
dikkate alindiginda paslanmaz ¢elik kullaniminin daha ekonomik oldugu goriiliir.

Bu calisma kapsaminda Ostenitik paslanmaz celiklerin 6zellikleri ve yapilari, hassas dokiim yontemi ve
asamalari, tahribathi ve tahribatsiz muayene yontemleri incelenmistir. Calisma neticesinde hassas dokiim
yontemiyle 304 paslanmaz ¢elik armatiirii iretilmistir. Parcanin liretimindeki tiim asamalara detayli olarak yer
verilmistir. Uretilen pargaya tahribatli muayene yontemlerinden; ¢ekme, sertlik ve metalografik muayeneler,
tahribatsiz muayene yoOntemlerinden; penetrant sivi ve radyografi muayeneleri uygulanmistir. Caligma
sonunda iiretilen yangin armatiiriiniin test ve deney standartlarini sagladig1 goriilmiistiir.

Anahtar Kelimeler: Hassas Dokiim, Tahribatli Muayene, Tahribatsiz Muayene.

ABSTRACT

The casting technology, which has been continuously developed in fields such as mold materials, molding
methods, melting furnaces, casting materials, has become a widely used production method today. Today, one
of the most advanced methods in casting technology is the investment casting method. The investment casting
method enables the mass production of complex shaped parts, which are difficult and expensive to produce
with other manufacturing methods, with high dimensional precision, without requiring almost any surface
treatment. This method is carried out by wrapping a spent model made of wax or plastic with a refractory mud
that hardens at room temperature and then filling the molten metal into the mold cavity formed by melting the
remaining wax.

Stainless steels find use in different industries such as chemistry, energy, construction, automotive and food
due to their many properties such as high corrosion resistance, high and low temperature resistance, good
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mechanical properties, ease of forming and aesthetic appearance. Apart from being more expensive than other
steels, stainless steels provide advantages in terms of manufacturing with their being cheap and easy to
maintain, being long-life time, fully recyclable and environmentally friendly. Considering the entire life of the
part, it is seen that the use of stainless steel is more economical.

In this study, the properties and structures of austenitic stainless steels, investment casting method and stages,
destructive and non-destructive testing methods are examined. As a result of the study, 304 stainless steel
armature was produced by investment casting method. All stages in the production of the part are detailed.
Among the destructive inspection methods for the produced part; tensile, hardness and metallographic
examinations, non-destructive testing methods; penetrant fluid and radiographic examinations were applied.
At the end of the study, it was seen that the produced fire armature part met the test and experiment standards.

Keywords: Investment Casting. Destructive Testing, Non-Destructive Testing Methods.
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OZET

Bir miihendislik plastigi olan polioksimetilen termal dayanimlari, yiiksek mekanik ozelliklerinden dolay1
glinlimiizde ugak ve havacilik sanayi, otomotiv parcalari, digliler gibi bircok alanda kullanilmaktadir.
Miihendislik plastikleri igerisinde énemli bir yere sahip olan polioksimetilen ile ilgili literatiirde yapilan
caligmalar incelendiginde kriyojenik islem sonrasi mekanik deneylerin kisitli oldugu goriilmektedir. Bu
calismada disli, conta, rulman yataklari, pompa gibi bircok mekanik alanlarda kullanilan polioksimetilen
kopolimer malzemelerin aginma direncini ve mekanik dayanimlarini artirmak hedeflenmektedir. Numunelere
6 ve 12 saat boyunca -175° C ’de kriyojenik islem uygulayarak, kriyojenik islemden sonra, oda sicakliginda
bekletilen numuneler ile birlikte, 20N yiik altinda 126d/dk hizinda asinma deneyi, ¢ekme deneyi ve sertlik
deneyi uygulanmstir. Sonuglar degerlendirildiginde 6 ve 12 saat kriyojenik sicaklikta bekletilen numunelerde,
oda sicakligina gore siirtinme katsayilarinda sirasiyla % 20.72 ve % 28.49 iyilesme olmustur. Cekme
deneyinde 6 saat bekletilen numune oda sicakligina gore % 0,98 12 saat bekletilen numunede % 1,90 oraninda
cekme mukavemetinde azalma olmustur. Sertlik deneylerinde 6 saat kriyojenik sicaklikta bekletilen numunede
oda sicakligina gore % 2,04 12 saat bekletilen numunede % 1,071k bir sertlik artis1 gortilmiistir.

Anahtar Kelime: Kriyojenik Islem, Polioksimetilen, Polimer, Cekme, Asinma, Sertlik

ABSTRACT

Polyoxymethylene, which is an engineering plastic, is used in many areas such as aircraft and aviation industry,
automotive parts, gears due to its thermal resistance and high mechanical properties. When the studies in the
literature on polyoxymethylene, which has an important place in engineering plastics, are examined, it is seen
that mechanical experiments after cryogenic processing are limited. In this study, it is aimed to increase the
abrasion resistance and mechanical strength of polyoxymethylene copolymer materials used in many
mechanical areas such as gears, seals, roller bearings, pumps. By applying cryogenic process at -175 °C for 6
and 12 hours, after cryogenic processing, abrasion test, tensile test and hardness test were applied with the
samples kept at room temperature under 20N load at 126 rpm. When the results were evaluated, there was an
improvement of 20.72 % and 28.49 % in the friction coefficients, respectively, in the samples kept at cryogenic
temperature for 6 and 12 hours. In the tensile experiments, a sample kept at cryogenic temperature for 6 hours
showed a 0.98% decrease in strength compared to room temperature, and a 1.90% decrease in the strength of
the sample kept for 12 hours. Hardness tests showed a hardness increase of 2.04% compared to room
temperature in a sample kept at cryogenic temperature for 6 hours and 1.07% in a sample kept for 12 hours.
Although the tensile strength decreased after the cryogenic process, it was observed that the hardness value
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increased and the friction coefficient decreased accordingly. These results showed that the cryogenic process
positively affected the abrasion resistance of the polyoxymethylene material.

Keywords: Cryogenic Process, Polyoxymethylene, Polymer, Tensile Strength, Wear, Hardness

1. GiRiS

Miihendislik polimerlerin korozyona ugramamasi, metal ve aliiminyumlara gore hafif olmas: {istiin termal ve
mekanik oOzelliklerinden dolay1r bircok alanda tercih edilmektedir. Olusan taleple birlikte polimerlere
uygulanan AR-GE caligmalarini da artmigtir. Calismalar sonuglarinda farkli termal ve mekanik 6zelliklerde
mithendislik polimeri gelistirilerek giiniimiizde otomotiv, yat ve gemi sanayi, havacilik, savunma sanayi, gibi
bircok sektdrde kullanilmaya baslanmistir. Kullanim alanlarina gére polimerler diisiik ve yiiksek sicakliklarda,
dinamik kuvvetler altinda ¢alistigindan bir¢ok yiike ve kuvvete maruz kalmaktadir. Bu nedenle polimerlerin
dayaniminin arttirilmasi igin ¢alismalar yapilmustir [1-3].

Polimerlerin mekanik o6zeliklerini artirmak i¢in alagim ve baska polimer ile beraber harmanlama, iyon
implantasyonu, elyaf takviyesi gibi birgok modifikasyonlar yapilmistir [4-7]. Ancak bu iglemler arasinda en
etkili yontemlerden birtanesinin kriyojenik islem oldugu yapilan ¢aligmalarda goriilmektedir [8]. Polimerlere
uygulanan kriyojenik islemin sonuglarini daha iyi anlamak i¢in 1960-1970’lerde NASA ve diger kurumlar
tarafindan bircok arastirma yapilmistir [9]. Polimerler kriyojenik sicaklikta giiniimiizde, uzay araglarinda
kullanilan conta, valf, pompa gibi parcalarda kullanilmaya baglanmigtir [10,11]. Bu malzemelerin
Ozelliklerinin sicakliga bagli olarak degistigi bilinmektedir [12]. Sifir alti islem polimer malzemelerin
gelistirilmesinde son yillarda biiyiik 6nem kazanmistir. Polimerler siinek o6zelliklerini cam gecis sicakligi
altinda kaybeder. Bundan dolay1 zincir hareketi yavaglar, malzemede saf, homojen ve yogun bir mikro yapi
olusur [13]. Kriyojenik islemde biitiin yap1 etkilendiginden bu geri doniisii olmayan bir iglemdir. Diigiik
sicakliklar i¢ molekiillerdeki birlesme seviyesini artirir, atomik hareketi yavaglatir ve polimerde saf ve
homojen bir yapr elde edilir. Bu yapisal degisim mekaniksel ve fiziksel degisimlere neden olur [8, 13].

Bu ¢alismada polioksimetilen kopolimerinin (pom-c) 6 ve 12saat boyunca -175 ° C’de kriyojenik islem
uygulayarak, kriyojenik islem gérmemis polioksimetilen kopolimer malzemesi arasindaki mekanik farkliliklar
degerlendirilmistir.

2.MATERYAL VE METOD

Deney i¢in kullanilan polioksimetilen kopolimer Martan Plastik araciliiyla Ensinger firmasi tarafindan temin
edilmistir. Cekme deney numuneleri ASTM D638 Type 3’°e gore su jeti tezgahinda sekillendirildikten sonra,
deney numuneleri, kriyojenik tankta -175° C* de 6 ve 12 saat boyunca siv1 azot kullanilarak sogutma islemi
gergeklestirilmistir.

2.1 Cekme Deneyi

Gerekli standartlara gore sekillendirilen numunelere sekil 2.1°de goriildiigii gibi UTEST marka 10 ton
kapasiteli cekme deney cihazinda 50mm/dk hizinda gergeklestirilerek sonucglar kayit altina alinmistir. Her
deney i¢in 5 adet numune kullanilarak toplamda 15 adet cekme deneyi uygulanmustir.
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Sekil 2.1 Cekme deneyi diizenegi

2.2 Asinma Deneyi

Asinma deney numuneler ASTM G99 standartlarina gore hazirlanmistir. Deneyler kuru ortamda sekil 2.2°de
goriildiigii gibi oda sicakliginda 20N yiik alinda 126d/dk hizinda gergeklestirilmistir. Asindirici disk olarak 56
HRC sertliginde AISI 4140 ¢eligi kullanilmistir. Deneyden dnce numunelerin asinacak yiizeyleri dncelikle
1000 numara zimpara, daha sonra 1500 numara zimpara ile zimparalanarak yiizeyleri temizlenmistir. Her test
sonrasi agindirici yiizeyleri 1000 numara zimpara ile zzimparalandiktan sonra alkol ile yiizeyleri temizlenmistir.
Deneyler 3 defa tekrarlanarak ortalamasi alinmistir.

Sekil 2.2 Asinma deney diizenegi

2.3 Shore D Sertlik Deneyi

Sertlik deney numuneleri 6mm kalinliginda @ 35mm ¢apinda shore d cihazina gore hazirlanmistir. Her bir
numuneden 9 adet 6l¢iim alinarak toplamda 135 adet dl¢tim yapilmistir (sekil 2.3)
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Sekil 2.3 Numunelerin shore d sertlik cihazinda 6lgiilmesi

3.SONUCLAR VE TARTISMA

3.1 Cekme dayanami sonuclari

Cekme testlerinden elde edilen cekme dayanimi (MPa) degerleri Tablo 3’te verilmistir.

Tablo 3.1 Cekme dayanim degerleri (MPa)

Sekil 3.1 Islem gérmiis ve gormemis numunelerin gekme deneyi sonuglari

/11/

Numune 1 Numune 2 Numune 3 Numune 4 Numune 5 Ortalama
Oda Sicaklig1 68,630 68,129 67,012 68,480 68,120 68,074
Kriyojenik
sicaklikta 6 saat
bekletilmis 68,246 67,627 68,091 66,456 66,598 67,403
Kriyojenik
sicaklikta 12
saat bekletilmis 66,344 66,306 66,154 68,299 66,788 66,778
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Tablo 3.1 incelendiginde oda sicakliginda ¢ekme dayanimin ortalamasiin 68,074 MPa oldugu 6 saat ve 12
saat kriyojenik sicaklikta bekletilen numunelerin ¢ekme dayanimi sirasiyla 67,804 MPa ve 66,778 olarak
bulunmus. Cekme dayaniminda azalma egilimi goériilmektedir. % uzama degerlerine bakildiginda 6 saat
kriyojenik islem diger numunelere gore daha fazla uzama degerine ulasmistir. Cekme deneyinde numuneler
sekil 2°deki gibi gevrek bir yapida kopma egilimi gostermistir.

Sekil 3.2 Cekme deneyi sonrasi numune
3.2 Asinma deney sonuclari

Kriyojenik islem uygulanmis ve uygulanmamis numunelerin 126d/dk’ da 20N yiik altinda kayma mesafesi ve
sirtiinme katsayis1 arasindaki iligki grafigi tablo 3.3 ve sekil 3.4’te verilmistir. Sekil 3.4” teki grafikte her ii¢
numunenin siirtlinme katsayisi ortalamasi alindiktan sonra grafik olusturulmustur.

Tablo 3.3 Asinma deneyi sonras1 siirtiinme katsayisi(p) degerleri

1.Numune 2.Numune 3.Numune Ortalama
Oda sicakligt 0,2955 0,3102 0,3659 0,3233
Kriyojenik sicaklikta 6 saat
bekletilmis numune 0,2281 0,2924 0,2484 0,2563
Kriyojenik sicaklikta 12
saat bekletilmis numune 0,2298 0,2401 0,2238 0,2312

1
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0,5

0,4 ww

0,3
0,2
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0 100 200 300 400 500
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= Qda sicakhgi 6 saat kriyojenik islem 12 saat kriyojenik islem

Sekil 3.4 Asinma deney sonug grafigi
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Polioksimetilen kopolimeri i¢in baglangic kismindaki siirtinme katsayisi degisimi ve siirekli kayma
mesafesindeki siirtiinme katsayisi olarak iki agamada gergeklesmistir. Sekil 3.4 incelendiginde, siirtiinme
katsayis1 genel olarak daha az olurken, mesafe arttik¢a belirli mesafeye kadar artis egilimi gostermistir. Ancak
stirtinme katsayisi yaklasik 300m mesafeden sonra kararli bir hal agamasina ulagmistir. Sekilde siirtiinme
katsayis1 genel olarak genis araliklarla devam etmistir. Polioksimetilen kopolimeri malzemesine uygulanan
kriyojenik islemin siirtiinme katsayisint 6nemli 6l¢iide azalttig1 goriilmiistiir. Kriyojenik sicaklikta bekletilen
numunelerin, bekletme siiresi arttikga siirtlinme katsayisinin azaldigi goriillmektedir.

3.3 Sertlik deney sonuclari

Yapilan sertlik deneylerinde ilk olarak oda sicakligindaki daha sonra 6 ve 12 saat boyunca kriyojenik sicaklikta
bekletilmis numunelerin sertlik deney sonuglar1 sirastyla tablo 3.6’da verilmistir.

Tablo 3.6 Shore D sertlik deney sonuglari

1.Numune 2.Numune 3.Numune 4. Numune 5. Numune Ortalama
Oda sicakligt 76,5 76,4 77,4 76,9 75,1 76,46
6 saat
kriyojenik 75,4 79 79 79 77.7 78,02
sicaklikta
bekletilmis
12 saat
kriyojenik 76 77,2 77,7 78,5 77 77,28
sicaklikta
bekletilmis
78,5
78
a 77,5
@
s 77
=
v 76,5
75,5
Oda sicakhgi Kriyojenik sicakhkta 6 Kriyojenik sicaklikta

saat bekletilmis 12 saat bekletilmis

Sekil 3.7 Sertlik deney sonuglar grafigi

Sekil 3.7 incelendiginde, islem gérmemis numunenin shore d sertlik degeri 76,46 bulunurken, 6 ve 12 saat
islem gérmiis numunelerin sertlikleri sirastyla 78,02 ve 77,28 olarak bulunmustur.

4. SONUCLAR

Sonuglar degerlendirildiginde 6 ve 12 saat kriyojenik sicaklikta bekletilen numunelerde, oda sicakligina gore
siirtiinme katsayilarinda sirastyla %20,72 ve %28,49 iyilesme olmustur. Cekme deneyinde 6 saat bekletilen
numune oda sicakligina gore %0,98, 12 saat bekletilen numunede %1,90 oraninda ¢ekme mukavemetinde
azalma olmustur. Kriyojenik islemin ¢ekme dayanimina etkisin olmadig1 goriilmiistiir. Sertlik deneylerinde 6
saat kriyojenik sicaklikta bekletilen numunede oda sicakligina gore %2,04, 12 saat bekletilen numunede
%1,07’lik bir sertlik artis1 goriilmiistlir. Kriyojenik islem sonrasinda ¢ekme dayanimi azalmasina ragmen
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sertlik degerinin arttigi ve buna bagl olarak siirtiinme katsayisinin diistiigli goriilmiistiir. Bu sonuglar,
kriyojenik islemin polioksimetilen malzemenin asinma direncini, malzemenin sertligini olumlu yodnde
etkiledigini gostermistir

TESEKKUR: Bu calisma Diizce Universitesi Bilimsel Arastirma Projeleri (Proje no: 2019.21.01.1047)
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OZET

Tasarimda olusan miithendislik problemlerini ¢6zmek i¢in belli yaklagimlar uygulanmaktadir. Bu yaklagimlar;
deterministik ve olasiliga dayali yaklagimlardir. Deterministik yaklagim; amag¢ fonksiyonuna bagli olarak
incelenen sistemi maksimize veya minimize etmek i¢in degisken parametreleri géz oniinde tutarak alisilmig
metotlarla problemi ¢6zmeye calismaktir. Fakat bu yaklasimda, degisken parametrelerin gerilme,
deformasyon, emniyet faktorii ve iiretim esnasinda meydana gelen hatalar gibi sistemde olusacak degiskenler
tizerine etkisi hesaba katilmamaktadir. Bu degiskenlerin hesaba katilmasi igin olasiliga dayali yaklagim
yapilmaktadir. Olasiliga dayali yaklagimda ise gerilme, deformasyon, emniyet faktori, tiretim hassasiyetlerine
bagh degiskenler ve iretim hatalarina bagh degiskenler dikkate alinarak yaklagim yapilmaktadir. Bu
yaklasimda, degiskenlerin tasarimi ve iiretimi dogrudan etkiledigi géz 6niinde bulundurulmaktadir. Bu sebeple
iiretim veya tasarim asamalarinda olusabilecek varyasyonlari tespit etmek ve minimum seviyeye diigiirmek
icin Alt1 Sigma istatistiksel stire¢ metodu kullanilmas1 gerekmektedir. Boylece iiretimde olusacak hatalar
minimum seviyeye indirmek hedeflenmistir.

Alt1 Sigma metodu, herhangi bir makine elemani tasarimi i¢in uygulandiginda degisken parametrelerdeki
sapmalar tespit edilebilmektedir. Boylece, {iretim veya tasarim asamalarinda olusacak hatalarin en aza
indirilmesi saglanmaktadir. Bu sebeple, biiyiikk kuvvetler altinda kiigiik yer degistirmeler yapan ve ayni
zamanda enerji depolayan kompozit disk yay tasarimi i¢in Alti Sigma yontemi uygulanmustir.

Bu ¢alisma kapsaminda, ANSYS Workbench programinin ACP modiilii kullanilarak kompozit disk yay
modellenmistir. Bu modelde, dis yaricap, i¢ yaricap ve koni yiiksekligi degisken parametre olarak
tanimlanmigtir. Bu parametrenin deformasyon {izerine etkilerini incelemek amaciyla deneysel tasarim (DOE)
gerceklestirilmis ve farkli tasarim noktalari olusturulmustur. Bu tasarim noktalar1 degerlendirilerek yanit yiizey
metodu (RSM) ile degiskenlerin etkileri incelenmistir. Sapmalara bagli olarak optimizasyon
gergeklestirilmistir. Bu optimizasyon literatiirde Robust tasarim miihendisligi (RED) olarak da bilinmektedir.
Sonug olarak, olasiliga dayali yaklasim yonteminin uygulanmasi ile tasarima bagli olumsuz kosullarin
olusmasinin Oniine gegilerek daha kaliteli {irlin elde edilip maliyetin azaltilmasina yonelik ciddi sekilde
iyilesme olmaktadir.

Anahtar Kelimeler: Kompozit Disk Yay, Alt1 Sigma, Sonlu Elemanlar Metodu (SEM).
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ABSTRACT

Certain approaches are applied to solve engineering problems in design. These approaches are; deterministic
and probabilistic approaches. Deterministic approach; in order to maximize or minimize the system examined
depending on the purpose function, it is aimed to solve the problem with conventional methods by considering
the variable parameters. However, in this approach, the effect of variable parameters on variables in the system
such as stress, deformation, safety factor and defects occurring during manufacturing is not taken into account.
A probabilistic approach is used to take these variables into account. In the probabilistic approach, the approach
is made according to the variables related to stress, deformation, safety factor, manufacturing sensitivities and
manufacturing defects. In this approach, it is considered that variables affect the design and manufacture. For
this reason, it is necessary to use Six Sigma statistical process method to detect and minimize the variations
that may occur during the manufacturing or design stages. Thus, it is aimed to minimize the errors that may
occur in manufacturing.

When the Six Sigma method is applied for any machine element design, deviations in variable parameters can
be detected. Thus, it minimizes the detect that may occur during the manufacturing or design stages. For this
reason, the Six Sigma method was applied for the composite disc spring design, which makes small
displacements under large forces and also stores energy.

In this study, composite disc spring was modeled in the ACP module by using Ansys Workbench program. In
this model, outer radius, inner radius and cone height is defined as a variable parameter. In order to examine
the effects of this parameter on deformation design of experiment (DOE) was performed and different design
points were created. By evaluating these design points, the effects of variables were investigated by response
surface method (RSM). Optimization was performed depending on deviations. It is also known in the literature
as Robust design engineering (RED). As a result, it has been determined that there has been a serious
improvement in reducing the cost by obtaining a higher quality product as a result of preventing adverse
conditions related to design and production in engineering.

Keywords: Composite Disc Spring, Six Sigma, Finite Element Method (FEM).
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ABSTRACT

A number of approaches are applied to reduce production and design errors in engineering as a result of
determining variables depending on time or space. One of these approaches is known in the literature as the
stochastic process or probabilistic approach. This approach is to evaluate the deterministic approach over
probability. Probability based approach is optimization according to variables related to design and production.
Variables directly affect design and production. For this reason, it is necessary to use the Six Sigma method in
production in order to determine and minimize the variations that may occur during the production or design
stages.

If the Six Sigma method is applied for the production of any machine element, it is ensured that many errors
that may occur during the design or production stages depending on the variables are minimized. Belleville
springs are machine elements that store energy by making small deflections under sudden loading and show
great resistance to vibration. These springs, also called disc springs in the literature; It is frequently used in
modern aircraft, high performance racing cars, aiming rifles and fishing reels.

In this study, Six Sigma method was applied in a computer-assisted environment for the design of steel disc
springs. The steel disc spring was modeled and analyzed using the ANSYS Workbench program within the
scope of the finite element method, and optimization was achieved. In this model; inner diameter, outer
diameter and thickness measurements are defined as variable parameters. In order to examine the effects of
these parameters on von Mises stress, optimization was performed by performing a sensitivity case analysis in
the &quot;Six Sigma Analysis (SSA)&quot; module of ANSYS Workbench package program. This is also
known as Robust Design Analysis (RDA) in the literature. As a result, with the Six Sigma method, it is possible
to obtain low cost parts with minimum defects and robust design.

Keywords: Optimization, Probability Based Approach Method, Computer Aided Engineering.

OZET

Zamana veya mekana baglh degiskenlerin tespit edilmesi sonucunda miihendislikte olusan {iretim ve tasarim
hatalarin1 azaltmak icin birtakim yaklagimlar uygulanmaktadir. Bu yaklagimlardan biri, literatiirde stokastik
siireg veya olasiliga dayali yaklagim olarak bilinmektedir. Bu yaklasim deterministik yaklagimin olasilik
iizerinden degerlendirilmesidir. Olasiliga dayali yaklasim, tasarim ve iiretime bagli degiskenlere gore
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optimizasyon yapilmasidir. Degigkenler direkt olarak tasarim ve iiretimi etkilemektedir. Bu sebeple iiretim
veya tasarim asamalarinda olusabilecek varyasyonlart belirlemek ve en az seviyeye indirmek i¢in iiretimde
Alt1 Sigma yontemi kullanilmasi gerekmektedir.

Alt1 Sigma metodu, herhangi bir makine elemaninin iiretimi i¢in uygulanirsa, degiskenlere bagl olarak tasarim
veya iiretim agamalarinda olusabilecek bir¢ok hatanin minimum seviyeye diismesi saglanmaktadir. Belleville
yaylari, ani yiikleme altinda kii¢lik sehimler yaparak enerji depolayan ve titresime karsi biiyiik direng gosteren
makine elemanlaridir. Literatiirde disk yay olarak da adlandirilan bu yaylar; modern ugaklarda, yiiksek
performansli yaris araglarinda, nisan tiifeklerinde ve balik¢ilik makaralarinda siklikla kullanilmaktadir.

Bu ¢aligmada, ¢elik disk yaylarin tasarimi i¢in bilgisayar destekli ortamda Alt1 Sigma metodu uygulanmistir.
Celik disk yay modellenip ANSYS Workbench programi ile sonlu elemanlar metodu kapsaminda analize tabi
tutularak optimizasyon gergeklestirilmistir. Bu modelde; i¢ ¢ap, dis cap ve kalinlik 6l¢iileri degisken parametre
olarak tanimlanmistir. Bu parametrelerin von Mises gerilmesi {izerine etkilerini incelemek amaciyla ANSY'S
Workbench paket programinin “Six Sigma Analysis (SSA)” modiiliinde, sapma degiskenlerine bagli olarak
hassasiyet durum incelemesi yapilarak optimizasyon gergeklestirilmistir. Bu, literatiirde Robust (Giiglii)
Tasarim Analizi (RDA) olarak da bilinmektedir. Sonug olarak, Alt1 Sigma metodu ile minimum hatali, saglam
tasarima sahip diisiik maliyetli parga elde edilmesi miimkiin kilinmaktadir.

Anahtar Kelimeler: Optimizasyon, Olasiliga Dayali Yaklasim Metodu, Bilgisayar Destekli Mithendislik.
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OZET

Temizlik kagitlar1 lizerine desen olusturulmasi i¢in kagidin gofraj ve lastik silindirler arasindan gecirilmesi ile
saglanmaktadir. Burada kullanilan lastik silindirlerin 6mriine etki eden etkenler arasinda gofraj yogunlugu,
gofraj silindirin lastik silindir izerinde yaptig1 baski kuvveti ve lastik silindirin sicakligi gelmektedir. Lastik
silindirin sicakligi 6émre etki eden en 6nemli faktordiir. Bu ¢alismada temizlik kagitlar1 {izerinde kabartma
deseninin olusturulmasi i¢in kullanilan gofraj sistemindeki lastik silindirin sogutulmasi deneysel olarak
caligilmigtir. Silindirlerin devir sayilarinin artmasiyla lastik silindir yiizeyinde meydana gelen sicakliklar
artmaktadir. Sicaklik artigiyla birlikte lastik silindiri yiizeyinde asinmalar meydana gelmektedir. Deneylerde
350 m/dak hizla akan kagit iizerine desen olusturan gofraj sisteminde bulunan lastik silindirinin i¢erisinden
sogutulmasi i¢in bir sistem tasarlanip imal edilmistir. Sistem ilk asamada sogutma olmaksizin ¢alistirilmig ve
zamana bagli olarak ylizey sicakliginda olusan degisimler kayit edilmistir. Yapilan deneyler sonucunda 46 °C
civarinda lastik silindir yiizeyinin hasarlanmaya basladig1 tespit edilmistir. ikinci asamada ise sogutma sistemi
kullanilarak sistem caligtirilmig ve zamana bagli olarak yiizey sicakliginda olusan degisimler kayit edilmigtir.
Tasarlanan sogutma sistemi ile lastik silindirin bu degerden daha diisiik degerlerde tutulmasi saglanmistir.
Boylece lastik silindirin hasarlanmasinda en 6nemli etkenlerden birisi olan sicakligin belli bir miktar
diisiiriilmesi saglanmistir. Bu durum lastik silindirin 6mriiniin artirilmasina katki saglamistir.

Anahtar Kelimeler: Silindir sogutma, gofraj silindiri, lastik silindiri, kdgit deseni

ABSTRACT

Creating patterns on cleaning tissue is provided by passing the paper between embossing and rubber cylinders.
Among the factors affecting the life of the rubber cylinders used here are the embossing density, the pressure
force of the embossing roller on the rubber roller, and the temperature of the rubber roller. The temperature of
the rubber roller is the most important factor affecting the life. In this study, the cooling of the rubber cylinder
in the embossing system which is used to create the embossing pattern on the tissue paper is studied
experimentally. The temperatures of the rubber roller increase as the revolutions of the rollers increase.
Abrasions occur on the surface of the tire roller with increasing the temperature. In the experiments, a special
cooling system was designed to cool the rubber cylinder that forms a pattern on the paper running at 350
m/min. Firstly; the system was operated without cooling. Outside temperature of the rubber was recorded with
respect to the time. As a result of the experiments, it was determined that the rubber roller was damaged and
became unusable at around 46 °C. Secondly; the system was operated with cooling and experiments were
repeated. The rubber cylinder is kept at lower values than this value using the designed cooling system.
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Therefore, the temperature, which is one of the most important factors in damaging the rubber roller, is reduced
a little bit. This outcome is contributed to increasing the life of the rubber roller.

Keywords: Cylinder cooling, Embossing cylinder, rubber cylinder, tissue pattern.
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OZET

Glinlimiizde ince taneli mikro yapilar elde etmek ve malzemelerin mekanik, korozyon davranisi gibi
Ozelliklerini iyilestirmek amaci ile cesitli plastik deformasyon yontemleri kullanilmaktadir. Kullanim
esnasindaki avantajlar1 sayesinde ¢oziinebilir biyolomedikal malzemelere olan ilgi giin gectikce artmaktadir.
Biyoc¢dziir implant malzemelerinin insan viicudu igerisindeki denemeleri yaklasik yiiz y1l dnce baslamistir.
Giiniimiize kadar, tibbi gereksinimleri karsilamak igin ¢esitli metal esasli alasim, kompozitler ve polimerik
malzemeler gelistirilmistir. Biyolojik ortamda ¢o6ziinebilen malzemelerden beklenen temel gereksinimleri
sunlardir: (1) zehirleyici olmayan davranis; (2) minimum mekanik mukavemet ihtiyaglarinin karsilanmast; (3)
homojen ve yavas korozyon hizi; (4) biyouyumlu elastik modiil (5) implantin osseointegrasyon kabiliyetini
olumsuz etkileyebilen iyon salinimi ve gaz ¢ikislarinin olmamasi.

Ekstriizyon, haddeleme, yiiksek basing altinda burma gibi plastik deformasyon yontemlerinin uygulanmasi,
birim alana diisen tane sinir1 uzunlugunu, kafes kusurlarini ve dislokasyon yogunlugunu artirmaktadir. Plastik
deformasyonlar ile mikro yapida olusturulan bu mekanizmalar malzeme 6zellikleri iyilestirilebilmektedir.
Uygulanan plastik deformasyonlarin mekanik 6zellikler iizerindeki etkilerinin yani sira, dzellikle alasim ve
kompozitlerin yapisindaki ¢okeltiler ve ikincil fazlarin homojen dagilimi ile korozyon davraniginin
iyilestirildigi gézlemlenmistir. Bu ¢alisma kapsaminda gesitli biyo¢dziiniir malzemelerin farkli yontemler ile
imalat1 sonrasinda gosterdigi mekanik, korozyon davraniglarini iceren galigmalar incelenmistir.

Anahtar Kelimeler: Mekanik Davranis, Biyo¢dziiniir, Biyomalzeme, Imalat, Plastik deformasyon

ABSTRACT

Plastic deformation methods are being used to obtain refined microstructures with improved material
properties such as mechanical strength, corrosion rate. Day by day the interest on biodegradable materials is
increasing due to their advantages during the treatments. The initial trials of biodegradable implants in the
human body nearly made a century ago. Up to date, various metallic and polymeric materials have been
developed to meet the needs of surgeons. The major requirements from biodegradable materials in a biological
environment are (1) non-toxic behavior; (2) meeting the lower mechanical strength needs; (3) homogenous
and optimal corrosion rate; (4) enough ductility with biocompatible elastic modulus; (5) non-harmful ion or
gas releases which can degrease osseo-integration capability of implant.

The application of plastic deformation methods such as extrusion, rolling, high pressure torsion increases grain
boundary length in per unit area, lattice defects and dislocation density. These plastic deformation modification
results with increased mechanical strength. Besides their effect on mechanical properties, especially for alloys
after plastic deformation, materials showed better corrosion behavior with homogenously distributed
precipitates and secondary phases.

In this study, mechanical, corrosion and degradation behavior of various biodegradable materials are
systematically reviewed, which are modified with different plastic deformation methods.
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Introduction

Permanent metallic implants have been used in medical treatments for a long time. Some of the most common
biomaterials for these treatments are pure titanium and its alloys, stainless steels and other noble alloys. These
materials perform adequate mechanical strength, durability, and ductility that are needed during the treatments.
Most of the permanent implant stays in the body for a lifetime. Thus, the material durability and biocompatible
mechanical behavior are vital properties.

Besides these permanent materials in some medical cases, temporary support of implants is needed [1]. In
previous applications, permanent implants were also used for temporary support. After the healing period, a
second surgery was being applied to remove the inserted implant. This option increases medical risks and
expenses [2, 3]. To reply to the need in these medical cases biodegradable materials have attracted great
attention. Biodegradable material corrodes in the body environment at different rates, after a certain time totally
digest by the body [4]. To date, there are biodegradable materials such as screws, catguts and plates. Most of
the used biodegradable materials are made from polymeric materials. However, especially orthopedic
treatments, these polymeric materials have disadvantages with their low mechanical properties. Metallic
materials such as Mg, Fe are alternative materials with higher mechanical properties than polymeric materials.
Generally pure, alloyed materials or composites have been studied to date [5]. Besides, plastic deformation
methods are used to improve their material properties. The needed corrosion rates differed according to the
implant application area. Previously, some daily intake limits were defined for these materials for non-toxicity.
Materials such as Fe, Mg and Zn are all essential elements for our body; however, the daily take in amount are
240-420 mg day-1 for Mg, 8-18 mg day-1 for Fe and 8-11 mg day-1for Zn [6].

Thus, these alloying deformation procedures are being made according to the needs of the specific application.
Biological compatibility and degradation behavior are vital parameters. Besides, mechanical properties are
another important factor for design and usage of implants. Improvement of mechanical properties with
additional alloying elements is possible, however the material variety is restricted because of biological
compatibility. For this purpose, plastic deformation methods such as extrusion, rolling, severe plastic
deformation methods are being used to improve mechanical properties. In this work, deformed biodegradable
materials corrosion and mechanical behaviors were observed to understand the deformation effect for various
implants.

Mechanical Behavior of Deformed Biodegradable Materials

One of the vital property of implants is the nontoxic behavior in the body. Besides, mechanical behavior
strongly dominates the implant success during the treatment. Some of these properties are Young’s modulus,
maximum tensile and compressive strength, impact strength, wear behavior, and fatigue properties (Figure 1).
The mismatch between body and inserted material under load may result in biological problems. Besides an
inadequate mechanical, impact strength may result in fractures in a case of heavy or sudden load over that
region.

.
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Figure 1 Important Mechanical Properties of materials.
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Another case is the too high young modulus difference between bone and implant. Bone has a low Young’s
modulus, which varies between 18 and 25 GPa [7]. Metallic implants generally have higher Young’s Modulus
than bone. The mismatch between the body and implant may result with the stress shielding effect, bone
fracture or losing [8-9]. For biodegradable materials such as Mg, Zn, Fe Young’s Module varies between 40-
200 GPa. And this is not dependent on degradation. However, you modulus can be changed slightly with
structural changes. Besides Young modulus the degradation strongly dominates material strength due to the
loss of mass. Thus, mechanical behavior of biodegradable materials is need to be optimized according to the
clinician and patient need. For example a stent needs to be mechanically stable up to 6-12 months for treatments
[10]. As much as corrosion, the radial compressive mechanical strength also should be adequate during this
period. To increase mechanical properties of these materials plastic deformation methods are being applied. A
previous study showed that the use of ECAP and additional HPT (1 revolution) leads to the strong grain
refinement in the Mg-1% Zn-0.2% Ca alloy, as a result of which the micro hardness of the samples increased
by a factor of 2, and the UTS of 283 MPa was achieved, which is higher than the UTS of the initial state (125
MPa) more than 2 times [11]. In another study, researchers applied HPT to ZKX600 alloy and applied
annealing at 300 °C for 1 minute and obtained improved strength with uniform elongation [12]. Besides
strengthening and hardening mechanism of plastic deformation processes, in some cases, softening observed,
especially materials with low melting point [13].

Up to date, there is not a standardization for mechanical properties of biodegradable metallic implants. Only
research papers give information about the mechanical behavior of these materials. The closest reference is the
ASTM standard which is for polymeric materials [14]. 4 major property is highlighted in this standard which
are: mechanical strength and stiffness, cyclic fatigue, viscoelasticity, wear and degradation. Mechanical
strength, fatigue and degradation behavior have been searched before [15, 16]. However, the viscoelasticity,
and wear behavior is still need to be investigated for all kinds of biodegradable material.

Corrosion Behavior of Biodegradable Materials

The degradation rates of materials are effected from; external forces, body environment, alloying elements and
material-processing type. Besides external stress induced degradation, there are different degradation
phenomenons driven by electrochemical reactions and these are correlated with other factors. For some cases
lower degradation rate is needed. Beyond degradable metallic implants, Mg has a high degradation rate and
hydrogen generation limits their usage area as biodegradable material. Especially after the insertion of Mg
implant into the body, in the first healing weeks the hydrogen gas bubbles negatively affect tissue attachment
[17].

In the scope of this study plastic deformation effect on corrosion is reviewed. For some studies plastic
deformation decreased the corrosion rate, in some studies it did not have an effect [18-20]. Especially for alloys
and composite materials, the reason for corrosion rate decrease is grounded with a homogenous distribution of
intermetallic phases. This homogenous structure can prevent localized corrosion. In HPT studies of Mg-2%
Zn 0.24%Ca alloy, the corrosion rate decreased with homogenization in the precipitate distribution by means
of HPT procedure [19, 20]. Another point is the increase in the protective oxide layer. Grain refinement
increases the grain boundary length in a unit area. The energy in the grain boundaries improves the total surface
energy and protective surface layer thickness. And also the energy mismatch between the surface layers also
increases the corrosion performance [21]. Besides these positive results, there are some results which point
decrease in corrosion rate of biodegradable materials [22-24]. One of the possible reasons for this increase is
grounded with the residual stress after deformation [22-34].

Conclusion

In literature, biodegradable materials are a popular subject as a good candidate for next generation implant
materials. According to these studies, there is a high potential to obtain materials with good mechanical
behavior and optimal degradation rates. Mg, Fe and Zn are the most commonly studied metallic implant
materials in the literature. Beyond these materials, Zn is the newest type with a limited number of studies.
Besides need for detailed investigation for Zn and its alloys, there is also need for further mechanical, corrosion
behavior characterization needs for other metallic implant materials. According to the ASTM standard for
polymeric degradable materials, the viscoelasticity, wear and degradation are poorly characterized. According
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to this study there is a need for further investigation especially for deformed biodegradable metallic implant
materials for these properties.
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OZET

Lineer olmayan fiziksel olaylar, hidrodinamik, plazma fizigi, optik fiberler, akiskanlar dinamigi, dogrusal
olmayan optik, kuantum mekanigi, kati hal fizigi, matematiksel biyoloji, kinematik, kimyasal fizik ve kimya
gibi bilimsel ve miihendislik bilimlerinin bir¢ok alaninda ortaya ¢ikan lineer olmayan evrim denklemleriyle
ilgilidir. Lineer olmayan olusum denklemleri, gercek hayat problemlerinin davranmisini ifade eden ¢esitli
matematiksel modelleri incelemek icin arastirilmistir. Bu lineer olmayan olaylar1 daha iyi anlamak igin,
bunlarin kesin ¢éziimlerine ulasmak onemlidir. Ancak bu denklemlerin kesin ¢ézlimleri, 6zellikle denklem
lineer olmayan terimler icerdiginde tiiretilemez. Bu kismi diferansiyel denklemlerin yalnizca sinirli sayida
siniflar1 analitik yollarla ¢6ziildiigiinden sayisal ¢oziimler fiziksel olaylari incelemek i¢in olduk¢a Gnemli bir
rol oynarlar. Si1g kanallardaki su dalgalar1 teorisini tanimlamak i¢in kullanilan 6nemli matematiksel
modellerden biri agsagida verilen genellestirilmis esit genislikli dalga denklemidir (GEW):

U, +eUPU, -, =0.

Bu denklemin fiziksel olarak bir¢ok uygulamasi vardir; bunlara bir su kanalinda yayilan tek yonlii dalgalar,
kiytya yakin bolgelerdeki uzun dalgalar 6rnek olarak verilebilir. Bu ¢alismada Kuartik B-spline fonksiyonlari
kullanilarak GEW denklemi igin “Alt Alan” (Subdomain) sonlu eleman yontemi olusturulmustur. Onerilen
yontemin dogrulugu ve etkinligi, tek dalganin yayilmasiyla gosterilmistir. Sayisal ¢éziim ile analitik ¢dziim
arasindaki farki gérmek i¢in ve hata normlar1 kullanilmistir. Ayrica, sunulan algoritmanin korunum
Ozelliklerini belirlemek icin iic degismez ve hesaplanmistir. Lineerlestirilmis semanin Fourier kararlilik
analizi kullanilarak niimerik sonuglarin kosulsuz kararli oldugu gosterilmistir. Tek dalga hareketinin sayisal
simiilasyonlar1 i¢in ii¢ parametre ailesi alinmis ve tartisilmistir. Bu tiir problemleri ¢6zmek igin yapilan
niimerik hesaplamalar, sonlu elemanlar yonteminin dogrulugunu ve etkinligini kanitlamaktadir. Elde edilen
sayisal sonuglar, hata normlarimin gerektigi kadar kiigiik oldugunu ve mevcut sayisal hesaplamalardan daha
kiigiik veya literatlirdeki sonuglara daha yakin oldugunu gdstermektedir. Bu nedenle, kullanilan sayisal teknik
kismi diferansiyel denklemlerin sayisal ¢6ziimlerini elde etmek i¢in uygun oldugu sdylenebilir.

Anahtar Kelimeler: GEW denklemi, Subdomain, Kuartik B-spline fonksiyonlar, Sonlu elemanlar yontemi,
Soliter dalgalar, Dalga denklemi.

ABSTRACT

The nonlinear physical phenomena are related to the nonlinear evolution equations, which are
appeared in many areas of scientific and engineering fields such as hydrodynamics, plasma physics,
optical fibers, fluid dynamics, nonlinear optics, quantum mechanics, solid state physics, mathematical
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biology and chemical kinematics, chemical physics, geochemistry etc. Nonlinear evolution equations
(NLEESs) have been investigated to study various mathematical models expressing behavior of real
life problems. To better understand these nonlinear phenomena, it is important to explore their exact
solutions. But exact solutions of these equations are commonly not derivable, particularly when the
nonlinear terms are contained. In so far as only limited classes of these equations are solved by
analytical means, numerical solutions of these nonlinear partial differential equations are very
operable to examine physical phenomena. In this paper, we investigate an important nonlinear wave
equation, the generalized equal width wave equation (GEW), of the form

U, +eUPU, -, =0.

This equation has a lot of implementations in physical situations for example unidirectional waves propagating
in a water channel, long waves in near-shore zones, and many others. In this study, Subdomain finite element
method is built for GEW equation by using Quartic B-spline functions. Accuracy and efficiency of the
proposed method is demonstrated by employing propagation of single solitary wave. To see the difference
between numerical solution and analytic solution, it isused and error norms. Also, three invariants and have
been calculated to determine the conservation properties of the presented algorithm. It has been demonstrated
that the results are unconditionally stable by the Fourier stability analysis of the linearized scheme. For the
numerical simulations of the movement of single solitary wave, three sets of parameters have been taken and
discussed. Numerical experiment prove the correctness and effectiveness of the method which can be further
used for solving such problems. The obtained numerical results predicate that our error norms are as small as
required and they are smaller than existing numerical calculations or too close to the result in literature.
Therefore, our numerical technique is suitable for getting numerical solutions of partial differential equations.

Keywords: GEW equation, Subdomain, Quartic B-spline functions, Finite element method, Solitary waves,
Soliton, Wave equation.

1.GIRIS
Bu makalede,

U +eUPU, — iU, =0 (1.1)

Xt
seklindeki GEW denklemi,
U(a,t)=0,U(b,t) =0,
U (a,t)=0,U,(b,t)=0, (1.2)
U,(at)=0U,(b,t)=0,t>0

homojen sinir sartlari ve

U(x,0)=f(x), as<x<b (1.3)

baslangi¢ sart1 ile ele alinacaktir. Denklemdeki &, p ve u pozitif parametreler; t zaman, X ise konumsal
koordinat1 gostermektedir.

Bilindigi gibi sivi problemlerinde, U miktar1 su yiizeyinin dalga genligini veya benzer bir fiziksel olay1
gosterir. Plazma islemlerinde, U elektrostatik potansiyelin negatifidir (Karakog ve Zeybek, 2016). p =1 i¢in
(1.1) denklemi, ¢ok sayida onemli fiziksel olay1 tanimladigi i¢in dogrusal olmayan dagimik dalgalarin
calismasinda 6nemli bir denklem olan EW denklemine indirgenir. GEW denkleminin diger bir 6zel durumu
p =2 oldugunda elde edilir. Bu, degistirilmis esit genislikli dalga (MEW) denklemine karsilik gelir (Geyikli
ve Karakog, 2011). Literatiirde, GEW denklemi ile ilgili simirli sayida makale bulunmaktadir. Hamdi ve
arkadaslari, GEW denkleminin tam tek dalga ¢oziimlerini tiretmistir (Hamdi, 2003). Evans ve Raslan, tek
soliter dalganin sayisal ¢ozlimlerini, soliter dalgalarin etkilesimini ve solitonlarin olusmasini elde etmek igin
ikinci dereceden B spline fonksiyonlarina dayanan kollokasyon yontemini kullanarak GEW denkleminin
sayisal sonug¢larmi elde etmislerdir (Evans ve Raslan, 2005). Homojen denge yontemi, genellestirilmis esit
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genislik denkleminin tam hareketli dalga ¢oziimlerini olusturmak i¢in kullanilmistir (Taghizadeh, 2013).
Denklem, standart radyal temel fonksiyonlar ile global bir es dizime dayali agsiz bir yontemle sayisal olarak
coziillmiistiir (Panahipour, 2005). GEW denkleminin sayisal ¢oziimlerini elde etmek i¢in Karakog¢ ve Zeybek
tarafindan iki farkli lineerlestirme teknigiyle sirasiyla kuintik B-spline kollokasyon yontemi ve kiibik B-spline
fonksiyonlarina dayali bir lumped Galerkin yontemi kullanilmistir (Zeybek ve Karakog, 2017). Bu ¢aligmada,
Kuartik B-spline fonksiyonlarimi kullanarak GEW denklemi i¢in Subdomain sonlu elemanlar ydntemi
olusturulmustur.

2. KUARTIK B-SPLINE FONKSIYONLAR VE SUBDOMAIN YONTEMI
Problemin ¢6ziim bdlgesi olan [@,D] araligmin diizgiin bir pargalanisi

b-a
a=X, <X <..<Xy,; <Xy =Dbolsun. h= N = X,,,; — X,, olmak tizere diigiim noktalarinda

(X=%,,)", X2 %X ]
(X=X, )" =5(x=x_ )", [Xn1s X, |
o () = (X=X, 5)" =5(X= %, ;) +10(X = X,)*, [Xns Xt ]
T (s =20 =50, =)' (X X2 2.1)
(Xm+3 - X)4' [Xm+2’ Xm+3]
0 diger.

seklinde olup, problemin tam ¢6ziimii olan U (x,t) fonksiyonuna karsilik gelen U (X,t) yaklasik ¢6ziimil
asagidaki gibi verilebilir:

N+1

Uy (x,t) = Z ?; (X)5j ®).

j=m-2

Bu ifadede ¢.(X) fonksiyonlar1 kuartik B-spline fonksiyonlar ve & (t) ler smir sartlari yardimiyla elde
edilecek olan zamana bagli parametrelerdir (Prenter, 2008). (2.1) ile verilen kuartik B-spline fonksiyonlar ve
(2.2) ile ifade edilen yaklagim fonksiyonu kullanilirsa X, diigiim noktasinda U ’nun kendisinin ve e gore

birinci, ikinci ve ti¢lincli mertebeden tiirevleri

U, (x,.)=U,_=5, ,+115 +35

m+11
Um = % (_§m—2 - 35m—1 + 3é‘m + 5m+l)’

12 (2.3)

U, 5m—2 - §m—l - 5m + é‘m+1)’

m:F(

U, = % (-0, ,+30,,,—30,+3,.,)

m

seklindedir. Sonlu elemanlar yontemi, agirlikli kalan yontemler ailesiyle ilgilidir ve bu standart yontemlerden
biri Subdomain yontemidir (Lindgren, 2009). Bu yontemde, fiziksel bolge birbiriyle ¢akismayan bir dizi alt
alana ayrilir. Her agirlik fonksiyonu, belirli bir alt alan tizerinde bir olarak alinir ve diger kisimlar iizerinde
sifira esit olarak ayarlanir. Tek boyutlu problemler i¢in agirlik fonksiyonu

L xe[X, Xl

m?! “m+l

Wm(x):{ m=12,...,n. (2.4)

0, diger,

biciminde verilir. Agirlikli kalan yonteminde
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b X1
ijR(x)dx = f R(x)dx =0 (2.5)

Xm

yazilabilir. Bu, n alt etki alaninin her biri tizerindeki kalaninin ortalamasinin sifir olmaya zorlandigim gosterir
(Salih, 2016). (1.1) ile verilen denkleme, (2.4) ile verilen agirlik fonksiyonu ile Subdomain sonlu eleman
yontemi uygulandiginda, denklemin zayif formunu su sekilde elde ederiz:

[T +2UPU, - 0, )dx =0, (2.6)

h& =x—x, donisimii (2.6) ile belirtilen zayif forma uygulanir ve (2.6) denklemindeki integralleri

hesaplamak icin yaklasim fonksiyonlar yerine kuartik B-spline fonksiyonlar yazilir ve her bir terim
hesaplanirsa,

m+1 m

D (S2+ 265 14+66 G+ 26 Gmiat Srmz) + Z. (-8, ,-105_ ,+105, ,+5.,,)—
5

1 2.7
,UF(&n_z-i- 28m1—68m+28ma+Smi2) =0,
denklem sistemi bulunur. Bu denklem sisteminde
z =&, ,+116, ,+115 +46,.,)" (2.8)

dir. (2.7) ile verilen denklem sisteminde o, ve zamana bagli parametreler olan 5, lerin yerine sirasiyla

asagidaki Crank-Nicolson ve sonlu fark yaklagimi kullanilirsa,

n n+l . n+l __ ¢on
@:ﬂ, @:u
2 At

n+1 n+1 n+1 n+1 n+1
a)ml5m—2 + a)mzam—l + a)m35m + a)m4§ + a)m55

m+1 m+2 (2 9)
_ n n n n n !
- a)m55m—2 + a)m45m—1 + a)m35m + wm15m+1 + wm15m+2

seklindeki denklem sistemi elde edilir ve burada

o, =1-EZ_-M, w_,=26-10EZ_ —2M,

0,5 =66+6M, @, =26+10EZ, —2M, (2.10)
w5 =1+EZ —M,
=2 =24 no1. N1

2h h

ile ifade edilir. (2.9) ile verilen cebirsel denklem sisteminde N tane lineer denklem ve N +4 tane bilinmeyen
vardir. Bu cebirsel denklem sisteminin bir tek ¢ézlimiinii elde etmek i¢cin denklem sayisi ile bilinmeyenlerin
say1s1 ayni olmalidir. Bunun igin sinir sartlari kullanilarak o ,,0 ,, 0, Ve 0y, bilinmeyenleri (2.9) ile verilen

denklem sisteminden yok edilir ve bdylece N tane denklem ve d=(J,,d,,....,0y,)aibiN tane

bilinmeyenden olusan Md"*™* = Nd" ile belirtilen matris sistemi elde edilir.

Elde edilen bu cebirsel denklem sistemi Thomas algoritmasi ile kolayca ¢oziilebilir (Salih, 2016). Lineer

olmayan Z  terimi igin her bir zaman adiminda ™ = 5" +L5H) seklindeki i¢ iterasyon iki veya li¢ defa
2

uygulanir. 8" parametrelerinin hesaplanabilmesi i¢in & 0 baglangi¢ vektoriiniin bilinmesi gerekir. & 0

baslangi¢ vektoriiniin elde edilebilmesi i¢in (1.1) denklemi ile verilen asagidaki baslangi¢ ve tiirevli sinir
sartlar1 kullanilmasi gerekir:
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U, (x,0)=U(x,,0), U, (a,0)=U,(b,0)=0,
U, (a,0)=U(b,0) =0, U, (a,0)=U(b,0)=0.
Boylece, N x N boyutlu yeni bir cebirsel sistem elde edilir:
(18 6 [0 [ U(%,0) ]
115 115 1 5 U (x,0)
1 11 11 1

111 11 1{[6°, | |U(%y,.0)
2 14 8][5%, | [U(x,0 ]

3. KARARLILIK ANALIZi

Algoritmamizin karalilik analizi Von-Neumann yontemi kullanilarak yapilmistir. Bunun icin GEW
denklemindeki U " teriminde bulunan Z _ terimi lokal olarak sabit alinmistir (Rosenberg,1969). k mod

numarast, N eleman genisligi ve | birim imajiner say1 olmak iizere algoritmanin kararliligini gdstermek igin

n _ ~Nnaijkh
o;=ge
Fourier ifadesi, (2.5) ile belirtilen denklemde yazilirsa biiylime faktorii olan ¢
_a-—ib
a+ib

formunda elde edilir ki burada
a=33+3M + (26 —-2M)cos(kh) + (1— M) cos(2kh),
b =10EZ sin(kh) + EZ , sin(2kh).

|g| =1 oldugundan, algoritmanin sartsiz kararl oldugu gosterilmistir.

3. ARASTIRMA VE BULGULAR

Bu boliimiin amaci, tek dalgalarin dagilimu ile ilgili farkl test problemlerini kullanarak ¢ikarilan algoritmay1
incelemektir. (1.1)-(1.3) ile verilen baslangi¢ sinir deger problemi

Iy :IiU(X,t)dX, L, :J:[Uz(x,t)+yuf(x,t)]dx, I :_[:OU P2, t)dx

ile verilen akigskanlar mekaniginde kiitle, momentum ve enerjinin korunum kanunlarini ifade eden {i¢ adet
degismeze sahiptir. Sayisal ¢6ziim ile tam ¢6ziimii karsilastirabilmek igin

L, = ”Utam -Uy ”2 = \/hZ?_o

L, =|Uun —Uyl. ;m?x\u;am—(uN)j\

tam 2
Uj _(UN)J" 1

0 tam

esitlikleri ile tanimlanan hata normlar1 kullanilacaktir.
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3.1. Tek Soliton Dalga Hareketi
—C( p+D(p+2) , genisligi

p
2¢ 2\/;

Soliter dalganin genligi , C ve X, keyfi sabitler olmak iizere GEW

Denkleminin tam ¢6zimii

U(x,t)=i/c(p+12)(p+2)sech2L\F/)_(x—ct—xo)}
& )7

seklinde verilmistir (Panahipour, 2012). Tek dalganin hareketinin sayisal simiilasyonlar1 i¢in ii¢ parametre
ailesi alinmis ve tartisilmistir. Karakog ve Zeybek calismalarindaki sonuglar ile karsilastirabilmek icin, [O, 80]
araliginda p=2, ¢=0.5, h=0.1, At=0.2, £=3, g =1 X, =30 parametreleri se¢ildi. Bu parametreler,
genligi 1.0 olan tek bir dalganin hareketini temsil eder ve algoritma, ¢oziim bolgesi tizerinde t =20 zamanina
kadar calistirilir. Bahsedilen ¢alismalarda hesaplanan degerlerin yani sira kesin ¢oziimle bir karsilastirma
yapilmistir. Farkli zaman adimlarinda hesaplanan L,,L, hata normlarmmn degerleri ile 1,1, ve I,
degismezlerinin degerleri Tablo 1’de verilmistir. Bu tablodan elde edilen hata norm degerlerinin karsilagtirma
yapilan diger referanslara gore daha iyi oldugu ve yine degigsmezler i¢in elde edilen degerlerin ise programin
caligmasi siiresince hemen hemen sabit kaldigi ve tablodaki referanslar ile olduk¢a uyumlu oldugu
goriilmektedir. Tek soliter dalganin t = 0,10,20 zaman adimlarindaki hareketleri sayisal ¢oziimleri Sekil 1°de

gosterilmektedir. t =20 zaman adiminda hata dagiliminin grafigi Sekil 2’de verilmistir. Sekil 2’den simr
sartlarinin dogru secildigi ve denkleme dogru bir sekilde uygulandigi anlagilmaktadir.

Metot
Il I 2 I 3 LZ Loc
Tam Coziim 3.1415961 2.6666667 1.3333333 0.0000000 0.0000000
t=0 3.1415963 2.6666625 1.3333283 0.0000000 0.0000000
t=5 3.1374227 2.6611036 1.3277747 0.0074320 0.0052489
t=10 3.1332986 2.6556033 1.3222912 0.0190058 0.0130097
t=15 3.1292124 2.6501590 1.3168748 0.0346782 0.0232969
t=20 3.1251634 2.6447698 1.3115241 0.0544214 0.0360834
Kiibik Gal. [1] 3.1589605 2.6902580 1.3570299 0.0380303 0.0262900
Kuintik Koll. ik 3.1253043 2.6445829 1.3113394 0.0513210 0.0341675
Céziim [12]
Kuintik Koll. 3.1416722 2.6669051 1.3335718 0.0167509 0.0102639
2.Céziim [12]

Tablo1. 0<X<80arahgmda p=2, c=0.5 h=0.1, At=0.2, £6=3, u=1, X, =30

parametreleri i¢in tek soliter dalganin degismezleri ve hata norm degerleri

1.5x107 4
"o
| 1.0x10°

"l | 5.0x10°

U(x,t)

| T I
0.4+ | | " “ [ 1 - “ [
" \| “ | 5.0x10° [
0.2 y j“ \ , H‘
/ ‘\‘ ;‘ \ ‘.\ -1.0x10™ 4 Il
0.0 L A NN N \
T T T 1 -1.5x107 T T T 1
0 20 40 60 80 0 20 40 60 80
: X X
Sekil 1. Tek soliter dalganin t=0,10,20 Sekil 2. t = 20 zaman adiminda p= 2,
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zaman adimlarindaki hareketi c=0.5 h=0.1 At=0.2, ¢=3, M= 1,

Xy = 30 tek soliter dalganin hata grafigi.

Ikinci test problemi igin, [0,80] arahginda p=3, ¢=0.3, h=0.1 At=0.2, £=3, u=1 x,=30

parametreleri segilirse, soliter dalga 1.0 genligine sahiptir. Algoritma, ¢6ziim bélgesi tizerinde t =20
zamanina kadar ¢alistirilir. Tablo 2, t =20 'de [1,12] ¢alismalarinda elde edilenler ile mevcut yontemle elde
edilen degismezlerin ve hata normlarinin degerlerinin bir karsilastirmasini gdstermektedir. Tek soliter dalganin
t=0,10,20 zaman adimlarindaki hareketleri Sekil 3’te gosterilmektedir. t =20 zaman adiminda hata
dagilimimin grafigi Sekil 2°de verilmistir. Kesikli zamanlarda hata sapmasi, Sekil 4'te gosterilmektedir.

Metot l, |2 |3 |_2 L,
t=0 2.8043580 2.4639124 0.9855618 0.0000000 0.0000000
t=5 2.8009794 2.4589310 0.9805878 0.0057707 0.0045666
t=10 2.7976460 2.4540202 0.9756990 0.0154171 0.0111684
t=15 2.7973553 2.4491772 0.9708921 0.0288633 0.0212993
t=20 2.7911063 2.4444001 0.9661645 0.0460246 0.0333820
Kiibik Gal. [1] 2.8187398 2.4852249 0.0070200 0.0165563 0.0137045
Kuintik Koll. Tk 2.8043570 2.4639086 0.9855602 0.0080147 0.0053823
Coziim [12]
Kuintik Koll. 2.8042943 2.4637495 0.9854011 0.0070855 0.0048047
2.Coziim [12]

Tablo2. p= 3, ¢=0.3 h= 0.1, At=0.2, ¢=3, H= 1, Xy = 30parametreleri icin degismezlerin degerleri
ve tek soliter dalga icin hata normlarimin karsilagstiriimasi

80

124
1 107
0 I
i
0.8+ I J | ( 107
L1
| ’ |
11
= 06 [ (|
X (ARl 0.0
> Ll ] )‘
0.4 (11
" ‘]u “ | 10°+
0.2 I
00 /{‘/"/} A\ 10%+
0 20 40 60 80 0 20 40 60 A
X X
Sekil 4. t =20 zaman adiminda P =3,
Sekil 3. Tek soliter dalgamin 1 =0,10,20 c=0.3, h=0.1 At=0.2, £¢=3, u=1
zaman adimlarindaki hareketi Xy = 30 icin tek soliter dalganin hata grafigi

Son test problemi igin, p=4, ¢=0.2, h=0.1, At=0.2, £ =3, u=1 x, =30 parametreleri segilmistir.
Soliter dalganmn genligi 1.0'dir ve simiilasyonlar L, ve L_ hata normlarm ve 1,1, ve I, saysal

degismezleri elde etmek i¢in t = 20 zamanina kadar gergeklestirilmistir. Tablo 3, mevcut yontemle elde edilen
degismezlerin degerlerinin ve hata normlarinin diger yontemlerle elde edilenlerle karsilasgtirmasini
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gostermektedir. p=3, ¢=0.3, h=0.1, At=0.2 degerleri igin ¢dziimlerin t=0,10,20 zamanlarindaki

davraniglar1 Sekil 5'te gosterilmistir. t =20 zamanindaki hata dagilimlar1 Sekil 6 'da ¢izilmistir.

Tablo3. p=4, ¢=0.2, h=0.1, At=0.2, ¢ =3, u=1 x,=30 parametreleri igin

degismezlerin degerleri ve tek soliter dalga igin hata normlarmin karsilagtiriimast

Metot
1, 1, l, L, L,
t=0 2.6220516 2.3561965 0.7853952 0.0000000 0.0000000
t=5 2.6195341 2.3522596 0.7814646 0.0050342 0.0041635
t=10 2.6170567 2.3483875 0.7776117 0.0130014 0.0103774
t=15 2.6146144 2.3445730 0.7738285 0.0238590 0.0185860
t=20 2.6122055 2.3408135 0.7701119 0.0375343 0.0287549
Kiibik Gal. [1] 2.6327833 2.3730032 0.8023383 0.0089061 0.0082199
Kuintik Koll. Tlk 2.6220508 2.3561901 0.7853939 0.0042169 0.0029795
Coziim [12]
Kuintik Koll. 2.6219284 2.3559327 0.7851364 0.0033908 0.0024703
2.Coziim [12]
1.2
104 1.0x10° ;
I
0.8 |
5.0x10° o |
= 0.6 w‘
5 g 0.0 |
0.4] u 1 ‘;"
o) -5.0x10° - ( "
||‘I
0.0 -1.0x10” L
0 2'0 4'0 810 0 20 40 80 80

Sekil 5. Tek soliter dalgamn t = 0,10, 20

zaman adimlarindaki hareketi

5. SONUC

Bu ¢alismada, GEW denkleminin soliter dalga ¢ozlimleri, kuartik B-spline tabanli Subdomain ydntemi

Sekil 6. t =20 zaman adiminda P = 4,
c=0.2, h=0.1 At=0.2, ¢=3, u=1,

Xy = 30 icin tek soliter dalganin hata grafigi.

kullanilarak basariyla elde edilmistir. Sayisal yontemin performansini ve dogrulugunu kanitlamak i¢in L, ve

L, hata normlar1 ve degismez biiyiiklikkler 1,, I, ve |, hesaplanmistir. Tablolara bakildiginda elde edilen

hata norm degerlerinin oldukga kiigiik ve degismezlerin degerlerinin ise korundugu kolaylikla gériilebilir. Bu
nedenle, sayisal teknigimiz kismi diferansiyel denklemlerin sayisal ¢oziimlerini elde etmek i¢in uygundur.
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AYRIK ZAMANLI STOKASTIK GOMPERTZ MODELIi VE UYARLANABILIiR KALMAN
FiLTRESI KULLANILARAK ADANA GUVERCINLERININ YENI BiR BUYUME MODELI
UZERINE BiR CALISMA

A STUDY ON A NEW ESTIMATING GROWTH MODEL OF ADANA PIGEONS USING DISCRETE-
TIME STOCHASTIC GOMPERTZ MODEL AND ADAPTIVE KALMAN FILTER

Levent OZBEK
Ankara Universitesi, Fen Fakiiltesi, Istatistik Boliimii, Orcid. 0000-0003-1018-3114

OZET

Hayvanlarda kullanilan klasik biiyiime fonksiyonlar1 dogrusal olmayan formdadir. Dogrusal olmayan
fonksiyonlarda parametreleri tahmin etmek i¢in ¢esitli sayisal yontemler gelistirilmistir. Bu ¢alismada, Adana
giivercinleri i¢in ayrik zamanl stokastik Gompertz biiyiime modeli ele alinmistir. Bu modeldeki parametrenin
zamana gore degistigi varsayilmaktadir. Modeldeki parametrenin zamanla degisen tahmini, uyarlamal
Kalman filtresi (AKF) kullanilarak yapilmistir. Calismanin amaci, bu sekilde ele alinan model ve tahmin
yonteminin uygun olup olmadigini arastirmaktir. Bu ¢alismada, giinliik agirlik 6lgiimleri, toplam 28 Adana
giivercini temel alinarak ayrik zamanh stokastik Gompertz modeli ve AKF kullanilarak ¢evrimi¢i olarak
tahmin edilmistir. AKF ile birlikte ayrik zamanli stokastik Gompertz modelinin, ortalama kare hatas1 (MSE),
ortalama mutlak ylizde hatas1 (MAPE) ve. Ayrik zamanli Gompertz modeli ve AKF kullanimimin uygun

oldugu one siiriilmiistiir.

Anahtar Kelimeler: Adana giivercinleri, Stokastik Gompertz modeli, uyarlanabilir Kalman filtresi

ABSTRACT

Classical growth functions used in animals are in nonlinear form. Various numerical methods have been
developed to estimate parameters in nonlinear functions. In this paper, the discrete- time stochastic Gompertz
growth model for Adana pigeons is considered. It is assumed that the parameter in this model is time-varying.
The time-varying estimation of the parameter in the model was made using the adaptive Kalman filter (AKF).
The aim of the study is to investigate whether the model and estimation method handled in this way is
appropriate. In this study, daily weight measurements are estimated on-line using discrete-time stochastic
Gompertz model and AKF based on total 28 Adana pigeons. It is shown that the discrete-time stochastic
Gompertz model in conjunction with AKF provides a good analysis tool for modeling the daily weight
estimated using mean square error (MSE), mean absolute percentage error (MAPE) and 2R . It is proposed
that the use of discrete-time Gompertz model and AKF is appropriate.

Keywords: Adana pigeons, Stochastic Gompertz model, adaptive Kalman filter
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BIR YAYIN UCUNA BAGLI BIR CISMIN SALINIMI VE SI"JRTI“{NME KATSAYISININ
GENISLETILMIS KALMAN FILTRESI ILE TAHMIN EDILMESI UZERINE BIR CALISMA

A STUDY ON NON-LINEAR DISCRETE-TIME STATE-SPACE NODELS AND ADAPTIVE
EXTENDED KALMAN FILTER APPLICATION ON OSCILLATION OF AN OBJECT TIED TO THE
END OF SPRING

Levent OZBEK
Ankara Universitesi, Fen Fakiiltesi, Istatistik Boliimii, Orcid. 0000-0003-1018-3114
Fikri OZTURK

Ankara Universitesi, Fen Fakiiltesi, Istatistik Bolimii

OZET

Bu galigmada Uyarlanabilir Genisletilmis Kalman Filtresi (AEKF, Adaptive Extended Kalman Filter)
tanitilmis ve bir yayin ucuna bagli bir nesnenin salinimi i¢in kullanimi gdsterilmistir. Yeni bir yaklagim olarak,
bir AEKF, bir yay modelinin sonuna eklenen salinan bir nesnenin durumlarinin ve parametrelerinin ¢evrimigi
tahmini i¢in dogrusal olmayan bir tahmin araci olarak kullanilir. Zamanla degismeyen parametre durumlari
incelenmistir. Simiilasyon sonuglari, AEKF'nin baglangi¢ degerlerinin dogru se¢ilmesiyle, AEKF'nin bu 6zel
uygulama i¢in ¢ok yararli bir ara¢ oldugunu ortaya koymustur.

Anahtar Kelimeler: Dogrusal Olmayan Durum Uzay1 Modelleri, Genisletilmis Kalman Filtresi.

ABSTRACT

In this work, Adaptive Extended Kalman Filter (AEKF) is introduced and its use for oscillation of an object
connected to the end of a spring is shown. As a new approach, an AEKF is used as a nonlinear estimation tool
for online estimation of the states and parameters of an oscillating object attached to the end of a spring model.
Parameter states that do not change with time were examined. The simulation results revealed that with proper
selection of initial values of AEKF, AEKF is a very useful tool for this particular application.

Keywords: Nonlinear State-Space Models, Extended Kalman Filter.
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RECURRENT FUZZY TIME SERIES FUNCTIONS APPROACHES FOR FORECASTING

Erol EGRIOGLU
Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0003-4301-4149

Robert FILDES
Prof. Dr., Lancaster University, Management School, Department of Management Science, ORCID No: 0000-0002-5918-7098

Eren BAS
Assoc. Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0002-0263-8804

ABSTRACT

The recurrent fuzzy time series function method can be obtained two ways. First is using a similar model to
the autoregressive moving average to obtain fuzzy functions and the second one is using recurrent connections
in the combining equation. The recurrent structure provides a smaller number of inputs and more accurate
forecasts.

In this study, recurrent fuzzy time series function method and its bootstrapped version are proposed. The
recurrent models are used to obtain fuzzy functions in the proposed method. The classical bootstrap method is
applied and bootstrap samples are generated from learning samples. The bootstrap method provides lower
forecast error variance for the proposed method. Moreover, it is considered improving recurrent fuzzy
regression function approach by using the bootstrap method. The proposed recurrent fuzzy time series function
method obtains separate error variables for each fuzzy function contrary to studies in the literature and this
provides better fuzzy functions and more accurate forecasts.

The performance of new methods is compared with some fuzzy function methods and classical approaches.
Firstly, Turkey electrical consumption data time series is analysed. Secondly, the Australian beer consumption
time series is analysed. As a result of applications, new methods have good forecasting performance if compare
to established benchmarks.

Keywords: Forecasting, Fuzzy Sets, Fuzzy Time Series Functions, Bootstrap method, recurrent inference
systems.
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A NEW AUTOMATIC FORECASTING METHOD BASED ON SINGLE MULTIPLICATIVE
NEURON MODEL ARTIFICIAL NEURAL NETWORKS

Erol EGRIOGLU
Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0003-4301-4149

Eren BAS
Assoc. Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0002-0263-8804

ABSTRACT

Single multiplicative neuron model artificial neural networks have a very simple structure and less parameter
if they are compared with other artificial neural networks. Single multiplicative neuron model artificial neural
networks have been used to obtain forecasts by using lagged variables as inputs in the literature. Recent years,
many studies have been made to improve their forecasting performance by considering modified architectures
and enhanced learning algorithms. There is still no efficient method to test model adequacy and input
significance in single multiplicative neuron model artificial neural networks.

In this study, model adequacy and input significance test methods are firstly proposed for single multiplicative
neuron model artificial neural networks. Particle swarm optimization is preferred to use as a learning algorithm.
Test procedures are based on F-distribution and multiple linear regression model constructed with outputs of
a single multiplicative neuron model artificial neural networks. The examples for the test procedure are
demonstrated with two real-world examples and a simulation study. Secondly, an automatic forecasting
method is proposed based on input significance and model adequacy tests.

The proposed method is also applied to M4 competition hourly data sets and the proposed automatic
forecasting method is the best pure machine learning method among others in the competition.

Keywords: Multiplicative Neuron Model, Artificial Neural Networks, Input Significance, Model Adequacy,
Particle Swarm Optimization
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A NEW RECURRENT DENDRITIC NEURON MODEL ARTIFICIAL NEURAL NETWORK FOR
TIME SERIES FORECASTING

Erol EGRIOGLU
Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0003-4301-4149

Eren BAS
Assoc. Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0002-0263-8804

ABSTRACT

Various neuron models such as multiplicative neuron model have been proposed in the literature. The
structures of these neuron models are the simplest imitation for the biological neuron models. The dendritic
neuron model is closer to biological neuron than the other neuron models. With this feature, the dendrite neuron
model has a different importance than other neuron models. The single dendritic neuron model artificial neural
networks have produced good forecasting results in the literature.

In this study, a new recurrent dendritic neuron model artificial neural network is proposed. Moreover, a training
algorithm based on particle swarm optimization is proposed. The performance of the proposed method is
examined on SP500 stock exchange data sets. The proposed method produced better forecasts than long short-
term memory, Pi Sigma artificial neural network, multiplicative neuron model artificial neural networks and
some other artificial neural networks types.

Besides, the forecasting performance of the proposed method is investigated by using M3 and M4 competitions
yearly data, totally used 23645-time series. According to application results, the proposed method produced
very competitive results and it is the second-best method for M3 competition yearly data and it is the fifth-best
method for M4 competition yearly data. Moreover, it is the best machine learning method for both M3 and M4
performance.

Keywords: Forecasting, Recurrent Artificial Neural Networks, Dendritic Neuron Model, M3 and M4
competitions.
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MULTIVARIATE PICTURE FUZZY TIME SERIES: DEFINITIONS AND A FORECASTING
METHOD BASED ON PI-SIGMA ARTIFICIAL NEURAL NETWORKS

Eren BAS
Assoc. Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0002-0263-8804

Erol EGRIOGLU
Prof. Dr., Giresun University, Faculty of Arts and Science, Department of Statistics, ORCID No: 0000-0003-4301-4149

ABSTRACT

Picture fuzzy sets are a generalized form of fuzzy sets. The uncertainty of the time series is better handled by
using picture fuzzy sets than fuzzy and intuitionistic fuzzy sets. Fuzzy time series is firstly defined based on
fuzzy sets in Song and Chissom (1993). Fuzzy time series have been used to predict many types of time series
in the literature and they produced the best results for some kind of time series such as stock exchange data
sets.

Picture fuzzy time series has recently defined and a high order single variable forecasting method has been
proposed. Picture fuzzy time series definition is based on picture fuzzy sets which are the extended version of
the fuzzy sets. In this study, high order multivariate picture fuzzy time series forecasting model is firstly
defined and a forecasting algorithm based on this model is introduced.

The proposed method uses picture fuzzy clustering method and pi-sigma artificial neural networks as picture
fuzzification and defining of relations methods, respectively. The pi-sigma artificial neural network is trained
by particle swarm optimization. The proposed method is applied to Istanbul stock exchange BIST100 index,
Dollar/TL and Euro/TL data sets. Moreover, the proposed method is applied to TAIEX stock exchange data
set by using Dow-Jones and Nasdaqg stock exchange data sets as factor variables. The proposed method
produced the best results among established benchmarks.

Keywords: Forecasting, Picture Fuzzy Time Series, Picture Fuzzy Clustering, Pi-Sigma Neural Network,
Multivariate Time Series, Particle Swarm Optimization
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FARKLI SAYIDA KARDINALITE KISITLAMASINDA BULANIK CIKARIM SISTEMINE
DAYALI PORTFOY OPTIiMiZASYONU

IN DIFFERENT NUMBER OF CARDINALITY CONSTRAINED PORTFOLIO OPTIMIZATION
BASED ON FUZZY INFERENCE SYSTEM
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OZET

Yatinmcinin hangi hisse senedine ne kadar yatirmasi gerektiginin belirlenmesi hem finans diinyas1 hem de
optimizasyon diinyasi i¢in uzun zamandir énemli bir konu olmustur. Markowitz’e Nobel odiiliinii getiren
standart portfoy optimizasyonu teorisi 1952 yilinda onerilmistir. Bu yontemde amag, yatirimeinin kazancini
arttirmak fakat bunu yaparken riski de en aza indirmektir. Ayrica nicelik olarak simirlandirilmadiginda hisse
senetlerinin ¢oguna hisse senedi oran1 dagitilmaktadir. Sinirh sayida hisse senedi elde etmek igin, kardinalite
kisit1 portfoy optimizasyonu ele alinmistir. Kardinalite kisitli portfdy optimizasyonu problemi, karma tamsayili
karesel optimizasyon problemi olup ¢6ziimii de oldukca zordur. Bu NP-zor sinifindaki problemlerin ¢6ziimii
makul bir zaman araliginda olmasi i¢in literatiirde sezgisel algoritmalar tercih edilmektedir.

Bulanik Cikarsama Sistemler, insan beynini taklit ederek kesin sayisal islemler yapmadan modelleme
yapabilmektedir. Bulanik ¢ikarsama sistemlerine dayali uyarlanabilir ag yaklasimlar1 Jang tarafindan 1993
yilinda Onerilmistir. Uyarlanabilir aglar bir birini baglanan diisiimlerden olusurken, bu diigtimlerdeki
fonksiyonlar sabit yada degisken paremetreler igerebilir. Dunn trafindan 6nerilen ve Bezdek tarafindan
gelistirilen Bulanik C- Ortalamalar yontemi (Fuzzy C-Means) bulanik kiimeleme yonteminin temeli olan bu
yontemde her bir verinin bir kiimeye ait olma durumu {iiyelik dereceleri ile belirlenir. Portfoy
optimizasyonunda riski diisiik, getirisi yiiksek hisse senedi se¢imi istenmektedir. Bu yiizden yapilacak 6n
eleme isleminde diisiik risk, yiiksek risk, diisiik getiri, yliksek getiri olarak dort grup belirlenmistir. Standart
portfoy optimizasyonun temel prensibi geregi, yiiksek getiri, diislik risk grubuna sahip olan hisse senetlerinin
tiyelik dereceleri yiiksektir. Kardinalite kisit1 genel ¢alismalarda K=5 alinmistir fakat uygun kardinalite kisitini
gormek i¢in K=5, 7, 9 alinip analizler tekrarlanmus.

ABSTRACT

Portfolio optimization problem, is long standing issue for both the finance and optimization world, determines
proportion of stocks invest in. The standard theory of portfolio optimization, which brought Nobel Prize to
Markowitz, was proposed in 1952. The purpose of this method is to increase the income of the investor, but to
do this is to minimize the risk. In addition, when number of stocks is not limited , the stock ratio is distributed
to most of the stocks with small propotions. To obtain limited stock, cardinality constraint portfolio
optimization is discussed. Cardinality constrainted portfolio optimization problem is a quadratic optimization
problem that cannot solved easily. In the literature, Heuristic algorithms are prefered to have a reasonable time
and to solve problems in this NP-hard class.

Fuzzy Inference Systems can simulate the human brain and model without exact numerical operations.
Adaptive Fuzzy inference system, based on fuzzy inference systems, were proposed by Jang in 1993. While
adaptive networks are made up of one connected nodes, the functions in these nodes can include constant or
unconstant variables. In this method, which is the basis of the Fuzzy C-Means method (Fuzzy C-Means)
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presented by Dunn and Bezdek, the belonging of each data to a cluster is determined by the membership degree
of that data.

In portfolio optimization, stock selection with low risk and high return is required. Therefore, four groups are
determined; as low risk, high risk, low return and high return. In accordance with the basic principle of standard
portfolio optimization, the membership levels of stocks with high return, low risk group are high. Cardinality
constraint was taken as K = 5 in general studies, but to see the appropriate cardinality constraint, K =5, 7,9
and analyzes were repeated.
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OZET

Portféy optimizasyonu problemi, finans ve optimizasyon diinyasinda temel bir problem olmakla birlikte birgok
optimizasyon yOntemi ile ¢ézlime ulagsma c¢alismalar1 devam etmektedir. 1952 yilinda Markowitz tarafindan
Onerilen standart portfdy optimizasyonu finans diinyasinda yeni bir kap1 agmistir. Birgok farkli yatirimci
davranisi olmasinin yani sira, standart portfoy optimizasyonu yonteminde temel amag getiri en biiyiiklenirken
riskin en kii¢liklenmesidir. Standart portfoy optimizasyonun amag fonksiyonunun matematiksel formu karesel
oldugundan analizinde karesel optimizasyon teknikleri kullanilmaktadir. Fakat standart portfoy
optimizasyonunda hisse senedi sayisini belirlemede herhangi bir kisit yoktur. Bu c¢alismada hisse senedi
sayisinin sinirlandirildigi Nicelik Kisith Portféy optimizasyonu problemi ele alinmistir. Bu optimizasyon
yontemi karma tam sayil1 karesel optimizasyon problemlerinin ¢éztimiinde kullanilan bir yontem oldugundan,
NP-zor siifinda yer almaktadir. NP-zor problemlerinin ¢dziimleri uzun siire aldigindan bu tiir problemlerin
coziimiinde sezgisel yontemler tercih edilmektedir. Bu ¢alismada, karma tam sayili optimizasyon probleminin
¢oziimii temel olarak iki boliime ayrilmaktadir. Oncelikle, K tane hisse senedi belirlemek i¢in bulamk
cikarsama sisteminden yararlanilir. K tane hisse senedinin belirlenmesinde amag getirisi yiiksek, riski diisiik
olan hisse senetlerinin se¢ilmesidir. Bulanik C-Ortalamalar (Fuzzy C- Means FCM) algoritmasi kullanilarak
belirli agirliklar ile hisse senetleri indirgeme islemi yapilmistir. Daha sonra, Bulanik C-ortalamalar algoritmast
ile belirlenen hisse senetlerinin portfdyde yer alma oranlarina ise dogrusal olmayan sinir aglan ile karar
verilmistir. Daha 6nceki ¢alismalarda elde edilen sonuglar ile yapilan karsilagtirilmalar ile 6nerilen yontemin
etkinligi gosterilmeye ¢aligilmistir.

Anahtar Kelimeler:

ABSTRACT

The problem of portfolio optimization continues to solved with many optimization methods as a fundamental
problem in the world of finance and optimization. Harry Markowitz proposed the standard portfolio
optimization theory in 1952. In addition to the many different investor behaviors, the main purpose of the
standard portfolio optimization method is to try to minimize the risk while increasing the expected return.
Portfolio optimization problem is a quadratic optimization problem. Many soft computing techniques have
used to solve this optimization problem. But the standard portfolio optimization has not limited the number of
stocks. To limited number of stocks the cardinality constraint portfolio optimization used. Indeed, cardinality
constrained optimization problem is mixed-integer quadratic optimization problem that makes it NP-hard.
Heuristic methods can solve NP-hard problems in a reasonable time-period. The solution of this mixed integer
optimization model basically consists of two parts. Firstly, fuzzy inference system used to determine K stocks.
The purpose of this reduction is to determine stocks with high return and low risk. By using Fuzzy C-Means
FCM algorithm, stocks discounted with certain weights. Secondly, the ratio of stocks determined by the fuzzy
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C-means algorithm to included in the portfolio was determined by nonlinear neural networks. Visual and
numerical comparisons with the results obtained in previous studies given.

Keywords:

2. PORTFOLIO OPTIMIZATION

Up to 1950’s in the traditional portfolio optimization, the basic aim is taking less risk. Standard portfolio
optimization presented in 1952 and 1959 by Markowitz. After 1959, the tradeoff between risk and return is
became important issue in finance theory. Standard portfolio optimization determines stocks proportions (x; ;
i = 1,2..N) where N indicates the number of stocks that investors could selected. The standard portfolio
optimization problem is a nonlinear programming model that minimizes fitness function. Actually, the main
goal is that getting a proportion of assets’ being in the selected portfolio (x;). However, Markowitz’s Mean-
Variance has not a constraint that limits the proportion of assets being in the portfolio. In order the limited the
number of assets which selected Markowitz Mean-Variance model with cardinality constraint has suggested.
Parameter of z; limited with the proportion of assets being in the portfolio. Portfolio selection under the
cardinality constraint model as follows:

. $N yN
Min X;_, Ej-zl X;Z; 0% X,

e =1, )
E[hrzlzl = K’

i'v=1xl' K = R*,
EI'ZI' = .II- = 51'31' , f - 1, N,
z;€ {0,1},

where N is the number of stocks in the portfolio, p; presents expected return of the i stock. o; ; Is the
correlation between the i™ and j*" assets and x;; i" assets' proportion of being in the portfolio. R* is the
expected return in the portfolio. If the asset is held z; = 1 otherwise z; = 0 . Expected return of portfolio,
risk of portfolio and Sharpe Ratio ( S, ) denotes with respectively;

E(R,)-R
E(Rp) = X Xy Op = JZLZ}‘-’zl X; X0y 5, =—2 1, 3)

3. FUZZY INFERENCE SYSTEM

The goal of cluster analysis is to divide the cluster of samples into subclasses based on the number of
homogeneous classes according to the appropriate measure of similarity. While the data belonging to one of
the classes are similar, the data of different classes are as different as possible. The boundaries of different
classes expressed with a certain number in classical cluster analysis, on the other hand the boundaries of
different classes are within a range in fuzzy cluster analysis. The most commonly is used algorithm for
separating fuzzy clusters is the Fuzzy C-Means (FCM). which is the most common fuzzy clustering algorithm
propped in 1973 by Bezdek and Dunn developed that algorithm in 1981. Euclidean distance used in FCM
algorithm.

4. ASTUDY ON PORTFOLIO OPTIMIZATION BASED ON FUZZY INFERENCE SYSTEM
In fuzzy inference system which used for portfolio optimization, first calculate expected return and risk of

each stocks. Secondly, two clusters formed, high return and low return for the expected return. Degrees of
membership for stocks belonging to these clusters are determined. Similarly, for the risk of stocks, two

/44/



ISPEC INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES-9

clusters formed, high risk and low risk. Degrees of membership for stocks belonging to these clusters are
determined. R4 rule, shown in the Figure 2, Weights (w,,+) obtained by averaging memberships with high
returns and memberships with low risk. In the reduction step, stocks with mean of weights less than 0.7 (
W, <0.7) eliminated. Combinations of remaining stocks with K'=5 are analyzed with a nonlinear neural
network for portfolio optimization which is proposed by Yaman and Dalkili¢ (2019) portfolio distribution,
expected return (E(R)), Sharpe ratio (S,) and risk (a,) are determined.

Wi W=
Low R, fu@x.y)

X1: Expected _
Return s = ;W Fuaf,
w,

HIGH 3 R friz(x.¥)
Wiz fr2
e e _— £ Feey)
W;
Low = Rs faa(x¥)
X2: Risk
e Faaf
Waa
HIGH Rs fez(x.)

FOM

Figure 1. FCM Algorithm for the determination of number of stocks.
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Figure 2. Flow Chart of Portfolio Optimization Based on Fuzzy Inference System
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In proposed method as shown in Fig 2, first elimination of stocks done by FCM algorithm for portfolio
selection which given in Fig 1. Then possible combination of the selected stocks composed portfolios. That
different portfolios consider for nonlinear neural network to determine proportion of each stocks. The portfolio
that provides the minimum membership function selected. Expected return, risk and Sharpe ratio calculated.

5. COMPUTATIONAL EXPERIMENTS

For the computational experiment data set selected as New York Stock Exchange 30 (NYSE-30) between
03.04.2015-14.05.2017. The data collected from https://tr.investing.com/. Matlab 2018b software used for
computing. As Figure 3 shows that NYSE-30 is a data set with no high standard deviation but some stocks has
high return in the selected time-period. In the Table 1, selected ratios for the both proposed method and other
nonlinear neural network for portfolio optimization method and active set methods.

0,25% NYSE-30
0,20%
0,15%
0,10% I
0,05% I " |
Ll | | —/
0’00%!lllllll=-lll_=-||=|| (T
N Mean Variance

Figure 3. Mean and Variance of the NYSE-30 data

For the proposed method, selected stocks are 16 % Google Company (alphabet C), 35% McDonald’s, 17
%Microsoft, 1% Tesla, 31%United Health. The methods Nonlinear neural network which we cannot limited
the number of stocks select 13% Apple, 51% Coca-Cola, 18 % J&J, 2% Procter &Gamble, 5% Verizon, 9%
Walmart. Sharpe ratio is 0.11 in FCM algorithm while NNN 0.06. The proposed method provided superiority
for this data set over others.

/46/


https://tr.investing.com/

ISPEC INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES-9

Table 1. Distribution of proportion of Stocks for each method

Stocks Mean Variance Active Set Algorithm NNNPO FCMPO
3M 0.0004 0.0099 0.0151 0 0
alphabet C 0.0012 0.0151 0.0065 0 0.1569
Amazon.com 0.0019 0.0183 0.0025 0 0
Apple 0.0005 0.0147 0.0916 0.1336 0
Boeing Co 0.0005 0.0137 0.0001 0 0
Caterpillar Inc 0.0006 0.0163 0.0012 0 0
Chevron Corp 0.0001 0.0152 0.0001 0 0
Cisco Systems Inc 0.0005 0.0127 0.0689 0 0
Coca-Cola C. 0.0002 0.0085 0.1949 0.5147 0
Exxon Mobil Corp 0.0000 0.0127 0.0005 0 0
Facebook Inc 0.0013 0.0162 0.0281 0 0
Goldman Sachs 0.0004 0.0152 0.0002 0 0
Home Depot 0.0007 0.0112 0.0018 0 0
IBM -0.0000 0.0124 0.0004 0 0
Intel 0.0003 0.0135 0.0357 0 0
J&J 0.0004 0.0088 0.1664 0.1758 0
JP Morgan 0.0008 0.0142 0.0001 0 0
McDonald's 0.0008 0.0103 0.0475 0 0.3477
Merck & CO 0.0003 0.0132 0.0001 0 0
Microsoft 0.0010 0.0147 0.0009 0 0.1688
Nike 0.0003 0.0140 0.0020 0 0
Pfizer -0.0000 0.0117 0.0161 0 0
Procter & Gamble 0.0001 0.0093 0.0584 0.0183 0
Tesla 0.0012 0.0242 0.0030 0 0.009
United Tech. 0.0001 0.0108 0.0110 0 0
UnitedHealth 0.0008 0.0130 0.0485 0 0.3139
Verizon -0.0001 0.0100 0.0841 0.0505 0
Visa A 0.0007 0.0130 0.0001 0 0
Walmart -0.0001 0.0120 0.0754 0.0984 0
Walt Disney 0.0001 0.0115 0.0387 0 0

Table 2. Results of portfolio for each method

Active Set Algorithm  NNN FCM
Expected return of portfolio 0.000300 0.000518 0.00090
Risk of portfolio 0.006140 0,008100 0.00810
Fitness function 0.000018 0,000065 0.00062
Sharpe ratio 0.054961 0,061700 0.11000

6. DISCUSSION

Since these methods are data-based, they may show different results from data to data. For this reason,
proposed method for datasets with different variance and return range must be run. For the different number
of cardinality constraint algorithms will checked. The algorithm should run for different number of constraints
and the results should compared.
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ABSTRACT

Let C denote the complex plane and G < C be a bounded Jordan region with boundary L := dG such that 0 €
G; Q= extL; A= A(0,1) = {w: |[w| > 1}. Let w = &(z) be the univalent conformal mapping of Q onto A

such that ®(e0) = oo and lim =2 > 0. For R > 1, we take Ly := {z: |#(2)| = R} and G, := intLg.

Z—00

Let ¢o denotes the class of all algebraic polynomials P, (z) of degree at most n € N.
n

In this work we consider the following weight function h(z). Let {zj};n:l be the fixed system of distinct points

on the curve L. For some fixed Ry, 1 < R, < oo, consider generalized Jacobi weight function h(z) which is
defined as follows:

m
h(z) = 1_[|Z —z|", ze€ GRy»
j=1

where Y > —2, forallj =1,2,..,m.

Let 0 < p < o0 and o be the two-dimensional Lebesgue measure. For the Jordan region G, we introduce:

1/p
1Bl = 1Pl = | [[N(@)[P(@)]do, |, 0<p <o,
G
IPalleo = [IPall 4y (1,6) = max[P,(2)],  p = co.
ZEG
Let state the following inequality,
[P™], <4.G.h, p)[R, *)

Inequalities of type (*) have been studied by [1], [2], [3] and [4] for the algebraic polynomials in various
spaces. In this work we study the estimation (*)-type for the derivative of the algebraic polynomials i.e we
study over the inequalities of type (*) with Bernstein (X =Y = A,,) type, Markov (X =Y = 4,, p > 0)
type and Nikolskii (m = 0; X =4, Y =4, 0<p < g < ) type inequalities in Bergman spaces for all
polynomials in gon and m=0,12,... where A, :=21,(G,h,p,m)> 0,4, - co,n - o, iS a constant,

depending on the geometric properties of the region G and the weight function h in general.

Keywords: Algebraic polynomials, quasiconformal curve, Bernstein-Nikolskii inequalities.
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OZET

Japonya’nin Kyoto Universitesi'nden Yamanaka ve arkadaslar1 2006 yilinda bilim diinyasim, kék hiicre
arastirmalarinda ve tedavilerinde ¢i1g1r acacak yeni bir kavramla tanigtirdi: “Induced pluripotent stem cells”,
yani indiiklenmis kok hiicreler. Indiiklenmis pluripotent kok hiicre (iPKH), pluripotent olmayan bir hiicreden,
baz1 genleri iiretmesi saglanarak veya disaridan faktorler verilerek, farklilagmanin tersine ¢evrilmesi sonucu
elde edilen hiicre olarak tanimlanmaktadir. Indiiklenmis pluripotent kok hiicreler bircok yéniiyle dogal
pluripotent kok hiicrelere (6rn. embriyonik kok hiicrelere) benzerler, 6rnegin kiiltiir ortamindaki gelisim
evreleri, DNA metilasyon modeli, teratom olusturabilme yetenegi, ilic germ tabakasina ait hiicrelere
farklilasabilme potansiyeli ve kimerik canlilar olusturabilme ozellikleri IPKH’lerde de bulunmaktadir.
Calismamizda IPKH’ler kullanilarak gelecekte ¢dziime kavusturulacak saglik problemleri iizerinde duruldu.
Gincel literatiir baz alinarak kronolojik ¢alisma sonuglar1 derlendi.

Anahtar kelimeler: Indiiklenebilir kok hiicreler, kok hiicre, farklilasma, kanser.

ABSTRACT

In 2006, Yamanaka and his colleagues from Japan's Kyoto University introduced the world of science with a
new concept that would break new ground in stem cell research and treatment: "Induced pluripotent stem
cells". That is, induced stem cells. Induced pluripotent stem cell (iPKH) is defined as the cell that is obtained
from a non-pluripotent cell by enabling it to produce some genes or by providing external factors, reversing
differentiation. Induced pluripotent stem cells are similar in many respects to natural pluripotent stem cells
(e.g., embryonic stem cells), for example, their developmental stages in culture media, the DNA methylation
pattern, the ability to form a teratoma, the potential to differentiate into cells belonging to three germ layers
and their ability to form chimeric organisms are also found in IPCCs. In our study, health problems that will
be solved in the future by using iPKHs were focused on. Chronological study results were compiled based on
the current literature.

Keywords: Inducible stem cells, stem cell, differentiation, cancer.
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1. INTRODUCTION

Induced pluripotent stem cells (also known as iPS cells or iPSCs) are a type of pluripotent stem cell that can
be generated directly from a somatic cell (Takahashi K, Yamanaka., 2006).

The pluripotent feature is the ability to form all cells originating from three germ layers in the organism and
embryonic stem cells (ESCs) have this feature. ESCs are obtained from the inner cell mass of the embryo at
the blastocyst stage. ECHs produced under suitable conditions in cell cultures are capable of forming all cells
in the body from heart cell to fat cell (Keller., 1995; Gardner and Brook., 1997). ESCs are very important in
terms of obtaining the desired cell type for scientific studies and being used as a source for cellular therapy in
diseases in which irreversible cellular damage occurs (Ozel at al., 2008). However, intervention in the
blastocyst while obtaining ECHs has revealed ethical problems in conducting human-induced studies.
Although the hematopoietic stem cells related to stem cell transplantation are used for treatment as autologous
within the current ethical rules, studies with ECHs cannot be carried out due to ethical problems. For this
reason, IPKHSs create a new opportunity for the realization of scientific studies designed for ESCs that have
problems in using them as pluripotent stem cells that can be obtained without intervention in blastocyst. In the
acquisition of IPKH, the somatic cell is reprogrammed and transformed into a pluripotent cell (Wernig et al.,
2007). Reprogramming of cells occurs in a variety of ways. These; cell fusion is somatic cell nucleus transfer
and gene transfer. Genes that provide pluripotent properties to the somatic cell are transferred to the somatic
cell while IPKHs are formed. In the study conducted by Takahashi and Yamanaka for the programming of
selected somatic cells, firstly 24 genes that provide pluripotent characteristics were identified and 4 genes
among these genes were shown to be sufficient to provide pluripotent properties. The Oct, Sox2, c-Myc and
KIf4 genes were selected and used for this purposel. In addition, one year after Takahashi and Yamanaka's
study, Yu et al. used the Oct., Sox2, Nanog and Lin28 genes in induced pluripotent stem cell generation (Yu
et al., 2007).

Figure 1. A scheme of the generation of induced pluripotent stem (IPS) cells. (1) Isolate and culture donor
cells. (2) Transduce stem cell-associated genes into the cells by viral vectors. Red cells indicate the cells
expressing the exogenous genes. (3) Harvest and culture the cells according to ES cell culture, using mitotically
inactivated feeder cells (lightgray). (4) A small subset of the transfected cells become iPS cells and generate
ES-like colonies.

2. IPSC’s TREATMENT
2.1. Disease Modelling

An attractive feature of iPS cells is the ability to derive them from adult patients to study the cellular basis of
diseases. Since iPS cells are self-renewing and pluripotent, they represent a theoretically unlimited source of
patient-derived cells which can be turned into any type of cell in the body. This is particularly important
because many other types of human cells derived from patients tend to stop growing after a few passages in
laboratory culture. iPS cells have been generated for a wide variety of genetic diseases, including common
disorders such as down syndrome and polycystic kidney disease (Park et al., 2008; Freedman et al., 2013).
The patient-derived iPS cells exhibit cellular defects not observed in iPS cells from healthy patients, providing
insight into the pathophysiology of the disease (Grskovic et al., 2011). An international collaborated project,
StemBANCC, was formed in 2012 to build a collection of iPS cell lines for drug screening for a variety of
disease. Managed by the University of Oxford, the effort pooled funds and resources from 10 pharmaceutical
companies and 23 universities. The goal is to generate a library of 1,500 iPS cell lines which will be used in
early drug testing by providing a simulated human disease environment (Gerlin, 2012). Furthermore,
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combining hiPSC technology and genetically encoded voltage and calcium indicators provided a large-scale
and high-throughput platform for cardiovascular drug safety screening (Shinnawi et al., 2015; Shaheen et al.,
2018).

2.2. Organ Synthesis

A proof-of-concept of using induced pluripotent stem cells (iPSCs) to generate human organ for transplantation
was reported by researchers from Japan. Human ‘liver buds’ (iPSC-LBs) were grown from a mixture of three
different kinds of stem cells: hepatocytes (for liver function) coaxed from iPSCs; endothelial stem cells (to
form lining of blood vessels) from umbilical cord blood; and mesenchymal stem cells (to form connective
tissue). This new approach allows different cell types to self-organize into a complex organ, mimicking the
process in fetal development. After growing in vitro for a few days, the liver buds were transplanted into mice
where the ‘liver’ quickly connected with the host blood vessels and continued to grow. Most importantly, it
performed regular liver functions including metabolizing drugs and producing liver-specific proteins. Further
studies will monitor the longevity of the transplanted organ in the host body (ability to integrate or avoid
rejection) and whether it will transform into tumors (Baker, 2013; Takebe et al., 201). Using this method, cells
from one mouse could be used to test 1,000 drug compounds to treat liver disease and reduce animal use by
up to 50,000 (Laboratory Equipment.com, 2014).

2.3. Tissue Regeneration

Embryonic cord-blood cells were induced into pluripotent stem cells using plasmid DNA. Using cell surface
endothelial/pericytic markers CD31 and CD146, researchers identified 'vascular progenitor', the high-quality,
multipotent vascular stem cells. After the iPS cells were injected directly into the vitreous of the damaged
retina of mice, the stem cells engrafted into the retina, grew, and repaired the vascular vessels (Mullin, 2014;
Park et al., 2014).

2.4. Cardiac Cells

Beating cardiac muscle cells, iPSC-derived cardiomyocytes, can be mass-produced using chemically defined
differentiation protocols (Burridge et al., 2014). These protocols typically modulate the same developmental
signaling pathways required for heart development. These iPSC-cardiomyocytes can recapitulate genetic
arrhythmias and cardiac drug responses, since they exhibit the same genetic background as the patient from
which they were derived (Willems et al., 2011). In October 2019, a group at Okayama University developed a
model of ischemic heart disease using cardiomyocytes differentiated from iPS cells (Wei et al., 2019).

2.5. Blood Cells

Although a pint of donated blood contains about two trillion red blood cells and over 107 million blood
donations are collected globally, there is still a critical need for blood for transfusion. In 2014, type O red blood
cells were synthesized at the Scottish National Blood Transfusion Service from iPSC. The cells were induced
to become a mesoderm and then blood cells and then red blood cells. The final step was to make them eject
their nuclei and mature properly. Type O can be transfused into all patients. Human clinical trials were not
expected to begin before 2016 (Gizmag.com, 2014).

2.6. Neurons

Kessler et al. stated that when they transplanted the newly produced neurons into mice, they observed that
these cells function normally. Kessler noted that in mice where the neurons were transplanted, they determined
that they produced the axon, the most important and long nerve cell extension, which serves to extend the
nerve impulses forward from the nerve cell, and a chemical transmitter called acetylcholine to retrieve
memories from other parts of the brain. Kessler stated that they used an approach like obtaining pluripotent
stem cells called “iPS”, in which ordinary skin cells were reprogrammed into embryonic stem cells by
reprogramming them, and that they transformed the iPS cells they produced into neurons with a technique
developed by Bissonette (Bissonnette et al. 2011).
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2.7. Clinical Application

The first human clinical trial using autologous iPSCs was approved by the Japan Ministry Health and was to
be conducted in 2014 at the Riken Center for Developmental Biology in Kobe. However, the trial was
suspended after Japan's new regenerative medicine laws came into effect in November 2015. More specifically,
an existing set of guidelines was strengthened to have the force of law (previously mere recommendations).
iPSCs derived from skin cells from six patients suffering from wet age-related macular degeneration were
reprogrammed to differentiate into retinal pigment epithelial (RPE) cells. The cell sheet would be transplanted
into the affected retina where the degenerated RPE tissue was excised. Safety and vision restoration monitoring
were to last one to three years (Fields et al., 2016).

In March 2017, a team led by Masayo Takahashi completed the first successful transplant of iPS-derived retinal
cells from a donor into the eye of a person with advanced macular degeneration. However, it was reported that
they are now having complications. The benefits of using autologous iPSCs are that there is theoretically no
risk of rejection and that it eliminates the need to use embryonic stem cells. However, these iPSCs were derived
from another person (http://www.cdb.riken.jp/en/news/2017/topics/0404_10343.html).

2.8. Anti-aging

A multipotent mesenchymal stem cell, when induced into pluripotence, holds great promise to slow or reverse
aging phenotypes. Such anti-aging properties were demonstrated in early clinical trials in 2017 (Haridy, 2017).
In 2020, Stanford University researchers concluded after studying elderly mice that old human cells when
subjected to the Yamanaka factors, might rejuvenate, and become nearly indistinguishable from their younger
counterparts (Sarkar et al., 2020).

3. CONCLUSION

Pluripotent stem cells hold promise in the field of regenerative medicine. Because they can propagate
indefinitely, as well as give rise to every other cell type in the body (such as neurons, heart, pancreatic, and
liver cells), they represent a single source of cells that could be used to replace those lost to damage or disease.
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OZET

Amag: Asherman sendromu (AS), hem gebelik komplikasyonlari hemde fazlaca jinekolojik operasyonlardan
sonra meydana gelebilen intrauterin adezyon (IUA) durumudur. Son yillarda artan prevalansi sebebiyle
alternatif tedavi arayislar1 siirmektedir. Implantasyon, blastokist asamasindaki zigotun annenin
endometriyumuna girerek gebeligin baslamasini saglayan bir olaylar biitiiniidiir. Bu calismada siganlarda
intrauterin adezyon olusumunu tanimlayan AS modeli kimyasal olarak olusturularak, ayni tiirliin erkek
sigcanlarinin tibia ve femur kemiginden izole edilen kemik iligi kaynakli mezenkimal kok hiicrelerle tedavi
siireci takip edilmis ve implantasyon asamasinda meydana gelen degisiklikler histopatolojik parametrelerle
degerlendirilmistir.

Gereg ve Yontem: Intrauterin adezyon modeli kimyasal olarak uterusun tek hornunda olusturularak tedavisi;
besiyeri (BY), kemik iligi kaynakli mezenkimal kok hiicre (KIMKH) ve 48 saatlik besiyeri (Nis) ile
saglanmaya calisilan dort farkli grup olusturuldu. Birinci grup (G1); Asherman+ BY, ikinci grup (G2);
Asherman + Nis, iigiincii grup (G3); Asherman + KIMKH ve dérdiincii grup (G4); Asherman + KIMKH + Nis
olarak ayrildi. implantasyonun belirlenmesi amaciyla gebelikleri tespit edilen hayvanlar 12. giin sakrifiye
edildi.

Sonuglar: Gruplarin hem histolojik hem de yeni dogan sayisimin gére morfolojik degerlendirmelerinde
KIMKH ve KIMKH + Nis verilen gruplarda diger gruplara gore istatistiksel olarak anlamli fark (p<0,05)
saptanmugtir. KIMKH ile Nisinin uterin adezyonlarda yapigikliklar ortadan kaldirabildigi, endometriyumu
implantasyon i¢in daha uygun hale getirdigi saptandi.

Anahtar Kelimeler: Kok hiicre, Infertilite, intratuterin adezyon, Embriyoloji

ABSTRACT

Aim: Asherman syndrome (AS) is a state of both pregnancy complications and intrauterine adhesion (IUA)
that may occur after excessive gynecological operations. Because of its increasing prevalence in recent years,
the search for alternative treatment continues. Implantation is a set of events that initiate pregnancy by entering
the mother's endometrium of the zygote in the blastocyst stage. In this study, the AS model, which identifies
the formation of intrauterine adhesion in rats, was chemically generated and treated with bone marrow-derived
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mesenchymal stem cells isolated from the tibia and femoral bone of male rats of the same species and the
changes occurring in the implantation stage were evaluated with histopathological parameters.

Materials and Methods: Intrauterine adhesion model is chemically formed in the single horn of the uterus
and treated; Four different groups were tried to be provided with medium (BY), bone marrow-derived
mesenchymal stem cells (BMDSC) and 48-hour medium (Niche). The first group (G1); Asherman + BY,
second group (G2); Asherman + Niche, third group (G3); Asherman + BMDSC and the fourth group (G4);
Asherman + BMDSC + Niche. Animals were sacrificed on the 12th day in order to determine the implantation.

Results: There was a statistically significant difference (p<0,05) in the morphological evaluation of the groups
according to the number of both histological and implantations in the groups with BMDSC and BMDSC +
niche. It was found that niche with BMDSC could remove adhesions in uterine adhesions and make the
endometrium more suitable for implantation.

Discussion: Our study showed that many parameters were similar and the implantation rate was higher than
other studies when compared experimental formation of uterine adhesion and treatment with various agents.

Support: No financial support was received for this study.
Keywords: Stem cell, Infertility, Intratuterine adhesion, Embryology

GIRIS

Intrauterin adezyon (IUA veya Asherman Sendromu) 1894 yilinda Fritsch tarafindan tanimlanmustir (March
1995). Hastalik tablosunu ilk kez “travmatik amenore” olarak tanimlayan Dr. Joseph G. Asherman’in oldugu
icin Asherman Sendromu (AS) olarak ifade edilmektedir (Asherman 1948). Bazi1 yazarlar, 'Asherman
sendromu' terimini, amenore hastalari, uteruslari tamamen tikanmis olanlar veya yakin zamanda sezeryanla
(cerrahi operasyonla) dogum yapan hastalar i¢in tanimlamay1 6ngérmiislerdir. Bazilar1 ise 'intrauterin adezyon
(IUA)' terimini kullanir; bu terim daha ag¢ik ve daha agiklayicidir, ancak uterus duvarlari arasinda lifli kopriiler
olmaksizin endometriyumun yiizey eksikligine sahip olan hastalar istisnayi durumdur. Béyle durumu olan
kadinlar benzer sekilde adet kanamalari, infertilite, tekrarlayan gebelik kaybi, rahimde biiylime kisitlamasi,
implantasyonda sorunlar ve yapigikliklar1 olan diger gebelik komplikasyonlarin1 gegirmektedirler (March
2010). i{UA’larin gercek insidansi genis bir hasta grubunun olmasindan dolay1 bilinmemektedir. Tesadiifen
tespit edilen vakalardan, dogum sonrasi kiirtaj yapilan vakalar ve diger ¢ok genis bir spektrumlar
degerlendirildiginde, %0,3-21,5 aras1 insidans bildirilmistir (Yu ve ark. 2008).

Kok hiicrelerin kendi kendini yenileyebilme, farklilasabilme, ¢cogalabilme, doku ve organlari olusturabilme
yeteneklerinden dolay1 organ nakillerinde, birgok hastaligin tedavisinde veya olumsuz yan etkileri bilinen
ilaglara alternatif olarak kullanilma olanagi bulunmaktadir. Simdilerde tedavi amagli kullanilmak {izere, birgok
kaynaktan kok hiicre elde edilebilmektedir. Uzerinde de en fazla ¢alisma yapilan kaynaklar hematopoietik,
embriyonik kok hiicreler ve mezenkimal kok hiicreleri iceren kemik iligi kaynakli kok hiicrelerdir. Insan
embriyonik kok hiicrelerinin, diyabet, Parkinson, kalp yetmezligi, nérodejenratif yaralanmalar, osteogenezis
imperfekta gibi birgok hastaligin tedavisi amaciyla kullanildig1 caligmalar heniiz deneysel asamadadir; g¢linkii
embriyonik kok hiicrelerin transplantasyondan 6nce hedef doku hiicrelerine farklilagmig olmasi gerekmektedir
(Jiang ve ark. 2006; Kollar ve ark. 2009; Hu ve ark. 2010). Calismamizda, bu bilgilerin 15181 altinda,
farklilagmamis kemik iligi kaynakli mezenkimal kok hiicrelerin intraperitoneal olarak uygulanmasindan sonra
endometriyum reseptivitesine ve blastokistin implantasyonuna etkileri arastirilmistir.

MATERYAL METOD
Deney Hayvanlarinin Temini ve Bakim

Calismada MCBU-DEHAM’nden temin edilen agirliklar: 200-250 gr. civarinda degisen eriskin 20 adet disi
ve 3 adet erkek Wistar albino cinsi si¢can olmak iizere toplam 23 adet sican kullanildi. Calismamizda, kimyasal
yontem kullanilarak trikloro asetik asitle IUA modeli olusturdugumuz deneklere, erkek sicanlarin tibia ve
femur kemiklerinden elde edilen ve pasaj ii¢ asamasma kadar ¢ogaltilan KIMKH’ler, deneysel model
olusturulduktan hemen sonra intraperitoneal olarak enjeksiyonla transplante edilerek tedavi amaciyla 10 giin
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boyunca tekrarlayan sekilde verildi. Immiinohistokimyasl boyama olarak anti-L- Selektin antikoru ile boyama
yapilarak implantasyon sirasinda endometriyumdaki molekiiler etkilesimler ortaya konulmaya calisildi.

Gruplar:

Asherman +BY (G1); Taze hazirlanan besiyeri verilen grup,

Asherman + Nis (G2); 48 saatlik besiyeri verilen grup,

Asherman + KIMKH (G3); Besiyerisi uzaklastirilmis sadece KIMKH verilen grup,

Asherman + KIMKH + Nis (G4); KIMKH’ler besiyerisiyle birlikte verilen grup olmak iizere toplam dért grup
olusturuldu.

BULGULAR
Anti-L-Selektin

Calismamizda periton igi besiyeri, nig, kok hiicre ve kok hiicre + nis (G1-2, G2-2, G3-2, G4-2) grubu uterus
orneklerinde yapilan indirekt immunohistokimyasal inceleme sonucunda L-selektinin 6zellikle yiizey epiteli
ve miyometriyum basta olmak iizere dokularin biiyiik ¢ogunlugunda boyanmis olarak bulundu. Bu molekiiller
embriyonun endometriyuma adezyonunda 6nemli roller {istlenirler. Bu nedenle implantasyonda 6nemi oldukca
falza olan L-selektinin gruplarda ki ekspresyonuna bakildi ve istatistiksel olarak anlamliliklar1 degerlendirildi.
BY ve NIS gruplarinda gebelik olusturulmasina ragmen sol uterin hornda implante olmus embriyolara
rastlanmadi. Embriyo implante olmus ve olamamis dokular anti-L-selektin antikoru ile immiinohitokimyasal
olarak boyanarak degerlendirildiginde BY ile NIS kiyaslandiginda istatistiksel olarak anlamli fark
olusmamustir. By ile KIMKH gruplari arasinda ***p<0,001 anlamlilik, BY ile KIMKH+NIS gruplar1 arasinda
##4%p<(), 0001 seklinde oldukea yiiksek derecede anlamlilik oldugu, ayrica Ni$ ile KIMKH gruplari arasinda
##%p<0,001 anlamhlik, Nis ile KIMKH+NIS arasinda da oldukca yiiksek anlamlilik tespit edilmistir
(****p<0,0001). KIMKH ile KIMKH+NIS arasinda ise anlamlilik *p<0,05 olarak belirlendi. Sag gruplardaki
implante olmus embriyo dokular1 ile KIMKH+NIS grubu karsilastirildiginda da istatistiksel olarak p>0,05
seklinde anlamlilik gériilmedi.
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TARTISMA

Yaptigimiz ¢alismada; IUA olusturdugumuz sigan uterusunda tedavi olarak uyguladigimiz BY, Nis, KIMKH
ve KIMKH+ Nis’in gebe kalan deneklerde implantasyon siirecinde endometriyumda meydana gelen
degisiklikler immunohistokimyasal olarak L-selektin boyamasiyla degerlendirildi. Bu c¢alismada histolojik
goriintiiler gebelik olusan gruplardan elde edilen uterus drneklerinde incelendi. KIMKH ve niginin IUA nun
neden oldugu adezyonlarda ki rolii ve 12. giin implantasyon oranina etkisi arastirildi. Dokuda rejenerasyonun
KIMKH ve nisi ile tedavi edilen gruplarda ilerledigi, yeni damar olusumlarimin arttig1 ve bezlerin daha belirgin
hale geldigi, AS patolojisinde kagimilmaz olarak olusan fibrozis ve inflamasyonun azaldigi, endometriyal
kalinligin arttigimi gosteren histolojik bulgular elde edildi. Buna karsilik kok hiicrelerin sebep oldugu higbir
olumsuz patolojik bulguya rastlanilmadi. Gebe uterusunda KIMKH ve KIMKH+ Nis ile olusan degisikliklerin
protein diizeyinde yapilan analizinde endometriyum kendi kok hiicresinin ve uygulamaya bagli kok hiicrelerin
artt1g1, gebelik oraninin artig1 ve embriyo etkisi L-selektin ile degerlendirildi. BY ve Nis tedavisi uygulanan
gruplarda ise immiinreaktivitenin KIMKH uygulanan tedavi gruplarma gére tam tersi degisimler gosterdigi
goriildii.

Rahim dokusu ameliyatla restore edilmesine ragmen, adezyonlarin yeniden olusumu ve uterin ameliyatlarin
komplikasyon riski, yeni tedavi segeneklerine olan ihtiyaci ortaya g¢ikarmistir. Sinesi gibi intrauterin
olusumlarin tedavisi i¢in; seri esnek histeroskopiler (Robinson ve ark. 2008), intrauterin adhezyon bariyer
sistemleri (Abbott ve ark. 2004), taze amniyon grefti (Amer ve ark. 2006), seprafilm'in intrauterin insersiyonu,
(Tsapanos ve ark. 2002), histeroskopik cerrahi (Orhue ve ark. 2003) ve hyaluranik asit jelleri (Lin ve ark. 2013)
gibi cesitli girisimler vardi. intrauterin dolgu maddeleri ile ilgili temel problemlerden biri, uterusta yabanci bir
cisim bulundugundan eszamanli antibiyotiklerin kullanilmasina duyulan ihtiyagtir. Vajina ile temas halinde
klinik veya subklinik pelvik enfeksiyonlar sekonder infertiliteyi artirabilmektedir. Bu tarz problemler
arastirmacilarin yeni tedavi anlayislari i¢in daha ¢ok calismalaria neden olmaktadir. Otrojen ile yapay hormon
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tedavisi, endometriyal proliferasyon ve anjiyogenezin desteklenmesi igin siklikla kullanilmaktadir (Chen ve
ark. 2013).

Kok hiicrelerin uterusa hareketi, menstrilasyonla kaybedilen endometriyal hiicrelerin yerine konulmasindan
ziyade yaralanma veya gebelige kars1 onaric1 bir mekanizma olabilir. Uterusa tutunan KIMKH'lerin sayist
diisiiktiir ve bu hiicreler tiim endometriyumun yerini almak iizere klonal genislemeye maruz kalmaz; daha ¢ok,
uterus onarimi ve rejenerasyonuna yardimci olan trofik faktorleri salgilarlar (Wang ve ark. 2012). Siddetli
Asherman sendromunda goriildiigii gibi, agir hasar durumunda, kok hiicrelerin kisith tedariki onarim siirecinde
sinirlayict faktor olabilir.

Selektin boyamalarinin incelendigi c¢aligmalarda da adezyon molekiillerinin en 6nemlilerinden biri olan
selektinler impalantasyon penceresi olusumu ve blastosistlerin buradan gegisleri ile ilgili 6nemli rol
oynamaktadir. Implantasyon dncesinde endometriyumun bu bélgesi kemokinler, biiyiime faktérleri ve MUC-
1 gibi adezyon molekiilleri ile blastosistlerin yapigsacagi pinopodlar olarak ortaya ¢cikmaktadir. Bir iki giin gibi
kisa siirede olgunlagsan bu pinopodlar mikrovilluslarin uglarinda belirerek embriyo ile endometriyum
arasindaki iligskiyi gerceklestirirler (Sharma and Kumar 2012). Calismamizda da desidual alan, epitel ve
miyometriyumda belirgin L-selektin pozitifligi saptandi.

SONUC

Endometriyal adezyon olusturmak i¢in kimyasal ajanla [UA modeli olusturulan ve olusan adezyonlarin ortadan
kaldirilmasi, 6zellikle akut donemde yapilacak tedavinin etkilerini ortaya koymak i¢in gergeklestirilecek dogru
tedavi segenegini belirlemek adina calismamizi gerceklestirdikve L-selektin gibi molekiillerin, KIMKH
uygulamas1 ile meydana gelen endometriyumdaki dagilimlari ortaya konuldu. KIMKH ve Nis
uygulamalarinin, infertiliteye neden olan mekanizmalarin igerisinde yer alan adezyon molekiilleri {izerinden
tedavi ile klinige katki saglayabilecegi gosterildi.
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OZET

L. infantum, disi phlebotomine kum sinekleri tarafindan bulastirilan vektor kaynakli zoonoz bir hastalik olup,
kopekler parazitin ana rezervuar kaynagi olarak kabul edilir. Leishmaniasis saptanan bolgelerde hastaliga
yonelik kontrol mekanizmalarinin devreye sokulabilmesi i¢in kdpeklerdeki enfeksiyon oraninin ortaya
konulmasi gerekmektedir. Bu ¢aligmada Trakya bolgesindeki bazi gegici hayvan barinaklarinda bulunan
sahipsiz sokak kopeklerinde L. infantum varliginin arastirilmasi amaglanmigtir. Calisma materyalini, Trakya
bolgesinde bulunan Istanbul / Silivri’den 79, Edirne / Uzunkoprii’den 33, Canakkale / Gelibolu’dan 28,
Tekirdag / Siileymanpasa’dan 25 ve Kiriklareli / Merkez’den 19 adet olmak iizere farkli irk ve cinsiyette yaslar
6 ay ile 9 y1l arasinda degisen toplam 184 kdpek olusturmustur. Leishmaniasis ile uyumlu semptomlarin ortaya
konulabilmesi igin tiim hayvanlar klinik muayeneden gegirilmistir. Orneklerin toplanmas1 Nisan—Haziran 2018
tarihleri arasinda yapilmigtir. L. infantum enfeksiyonunun tamisi igin kopeklerin vena cephalica
antebrachi’sinden EDTA’11 ve antikoagulansiz kan drnekleri alinmistir. Kan frotileri giemsa ile boyanarak kan
parazitleri (Ehrlichia, Anaplasma ve Babesia) yoniinden incelenmistir. Anti L. infantum antikorlarinin tespiti
icin ticari ELISA testi kullanilmistir. Anti- L. infantum antikorlar1 yoniinden incelenen 184 kdpek serum
orneginin 16’s1 seropozitif (%8,7), 168 tanesi ise seronegatif (%91,3) olarak tespit edilmistir. 11 disi ve 5 erkek
hayvanda seropozitiflik tespit edilmesine ragmen cinsiyete gore istatiksel onem tespit edilmemistir. 4 yas ve
daha biiyiik kopeklerde seropozitiflik oran1 daha yiiksek bulunarak yasin istatiksel agidan 6nemli oldugu tespit
edilmistir. Canakkale / Gelibolu ve Kiriklareli / Merkez’de seropozitiflik saptanmazken, Istanbul / Silivri’de
%13,9, Edirne / Uzunkopri’de %12,1 ve Tekirdag / Siileymanpasa’da %4 oraninda seropozitiflik tespit
edilmistir. Seropozitif 6rneklerin kan frotilerinde Erlichia spp., Anaplasma spp. ve Babesia spp. etkenleri
saptanmamustir. Trakya bolgesinde Leishmaniasis’in insan ve kopek sagligi icin 6nemli bir zoonoz hastalik
oldugu ve vektor Phelebotomus tiirlerinin arastiritlmasimin uygun olacagi goriisiine varilmistir.

Anahtar Kelimeler: Leishmania infantum, Kopek, Trakya Bolgesi
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ABSTRACT

L. infantum is a vector-borne zoonotic disease transmitted by female phlebotomine sand flies, with dogs
considered the main reservoir source of the parasite. In order to activate the control mechanisms for the disease
in the regions where leishmaniasis is detected, the infection rate in dogs should be revealed. In this study, it
was aimed to investigate the presence of L. infantum in stray dogs found in some temporary animal shelters in
the Thrace region. Material of study included a total of 184 dogs have different breed and gender, ranging 6
months to 9 years in the Thrace region. (Canakkale / Gelibolu n=28, Edirne / Uzunkoprii n=33, Kirklareli /
Centrum n=19, istanbul / Silivri n=79 and Tekirdag / Siilleymanpasa n=25). All animals were clinically
examined to reveal symptoms consistent with leishmaniasis. Blood samples were collected between April and
June 2018. For the diagnosis of L. infantum infection, blood samples were taken to tubes with EDTA coated
and without anticoagulant from the veinpuncture of V.cephalica antebrachii of dogs. Blood smears were
stained with Giemsa and examined in terms of blood parasites (Ehrlichia, Anaplasma ve Babesia). Commercial
ELISA test was used for the detection of anti-L. infantum antibodies. Of the 184 dog serum samples examined
for anti-L. infantum antibodies, 16 were seropositive (8,7 %) and 168 (91,3 %) were seronegative. Although
seropositivity was detected in 11 female and 5 male dog, no statistical significance was determined by gender.
Seropositivity was found to be higher in dogs of 4 years and older, and age was found to be statistically
significant on seropositivity in L.infantum infection. While there was no positivity in Canakkale / Gelibolu
and Kiriklareli / Centrum, it was detected as positive 13,9 % in Istanbul / Silivri, 12,1 % in Edirne / Uzunképrii
and 4 % in Tekirdag / Siileymanpasa. It has not determined Erlichia spp., Anaplasma spp. and Babesia spp. in
blood smears which were prepared from the seropositive samples. It was concluded that Leishmaniasis is an
important zoonotic disease for human and dog health and it would be appropriate to investigate vector
Phelebotomus species in the Thrace region.

Keywords: Leishmania infantum, Dog, Thrace Region
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OZET

Babesiosis biiyiikk ekonomik kayiplara neden olan, kenelerle bulasan haemoparasitic bir hastaliktir.
Babesiosisin teshisinde birgok parametre kullanilmaktadir. Bu ¢alismanin amaci, babesiosis ile dogal enfekte
koyunlarda, prokalsitonin (PCT), C reaktif protein (CRP), Nitrik oksit (NO) ve Adenozin deaminaz (ADA) ile
rutin biyokimyasal parametreler ve tam kan sayiminin teshisteki etkinligini arastirmaktir. Calismada, klinik ve
laboratuar bulgulariyla teshis edilmis dogal olarak infekte 30 adet babesiosisli ve 15 adet saglikli olmak iizere
45 adet Akkaraman irki koyun kullanilmigtir. Hayvan materyali, Haziran-Temmuz aylarinda Van yoresinde
yasayan 30-40 kg canli agirliginda ve 3-4 yaslarinda olan dogal infekte koyunlardan olusmaktadir.
Babesiosisin teshisi May-Griinwald/Giemsa boyamasiyla kan frotilerinde parazitin gériilmesi ve hastalarin kan
orneklerinde PCR isleminin yapilmasiyla konuldu. PCR incelemesinde tiim hastalarin kan 6rneklerinde B. ovis
tespit edilmistir. Babesiosis'li koyunlarda depresyon, anoreksi, soluk miik6z membranlar, ates ve hematuri gibi
klinik bulgularin bir veya daha fazlasin1 gostermekteydi. Babesiosisli koyunlarda PCT 1,72+0,34 ng/ml, CRP
101,42411,73 pg/ml, NO 15,7742,75 umol/L ve ADA 13,92+0,88 IU/L bulundu. Kontrol grubunda ise PCT
0,49+0,04 ng/ml, CRP 49,46+4,57 ng/ml, NO 8,15+0,63 umol/L ve ADA 9,34+1,19 IU/L olarak bulundu.
Babesiosisli koyunlar ile kontrol grubu karsilastirildiginda babesiosisli koyunlarda PCT (p<0,01), CRP
(p<0,001), ve ADA (p<0,01) diizeylerinin arttig1 ve istatistiksel olarak onemli olduklar1 tespit edildi.
Hematolojik ve biyokimyasal incelemede kontrol grubuna goére babesiosisli koyunlarda WBC (Akyuvar),
LYM (Lenfosit) ve Total bilurubinin diizeylerinin arttigi, RBC (Alyuvar), PCV (Hematokrit) ve HGB
(Hemoglobin), ALP (Alkalen fosfataz), Albumin ve Glikoz diizeylerinin azaldigi ve bu parametrelerin
istatistiksel olarak 6nemli oldugu tespit edildi. Sonug olarak babesiosili koyunlarda klinik muayeneyle birlikte
PCT, CRP, NO ve ADA diizeyleriyle hemogram ve biyokimyasal parametrelerin dl¢iilmesinin hastaligin
teshisinde faydali parametreler olabilecegi kanaatine varilmistir.
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ABSTRACT

Babesiosis is a hemoparasitic disease transmitted by ticks that causes great economic losses. Many parameters
are used in the diagnosis of babesiosis. The aim of this study is to investigate the diagnostic efficacy of
procalcitonin (PCT), C reactive protein (CRP), Nitric oxide (NO) and Adenosine deaminase (ADA), routine
biochemical parameters and complete blood count in naturally infected sheep with babesiosis. In this study,
45 Akkaraman sheep consisting of naturally infected sheep diagnosed by clinical examination and laboratory
findings (n=30) and healthy sheep (n=15) were used as material and these animals have 30-40 body weight, 3-
4 years old and living in Van region of Turkey. The diagnosis of babesiosis was detected by observing the
parasite in the blood smear staining with May-Griinwald/Giemsa and PCR in the blood samples. B. ovis was
detected in blood samples of all patients in PCR analysis. Sheep with babesiosis exhibited one or more of the
clinical signs such as depression, anorexia, pale mucous membranes, fever and hematuria. While in sheep
infected with babesiosis, serum PCT, CRP, NO and ADA levels were measured as 1,72 ng/ml, 101,42 ug/ml,
15,77 umol/L and 13,92 IU/L, respectively, in control group, these parameters were measured as 0,49 ng/ml,
49,46 ng/ml, 8,15 umol/L and 9,34 IU/L, respectively. Comparing the sheep with babesiosis and control group,
it was found that statistically significant increase in all of the parameters (PCT, P<0,01; CRP P<0,001; NO
P<0,01; ADA, P<0,01). Moreover, statistically significancy increase were determined in WBC, LYM and total
bilirubin, and significant decrease in RBC, PCV, HGB, ALP, Albumin, Glucose in blood of sheep infected
with babesiosis. As a result, it has been concluded that the measurements of PCT, CRP, NO and ADA levels
in babesiosis sheep may be useful for the diagnosis of the disease when assessed in association with the clinical
examination.

Keyword(s): Babesia ovis, PCT, CRP, NO, ADA
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ABSTRACT

In this study, Spathidium sp. living in coastal sand of Lake Van was isolated, morphological and phylogenetic
properties were investigated. Three Spathidium sp. populations with different morphological characteristics
were observed in Petri cultures, and 18S rDNA gene sequences were determined. Comparing the gene
sequences of the populations that reproduced one after another in the culture medium, it was found that all
three populations had similar sequences, and it was decided that these populations were morphological
variations belonging to different life stages of the same species. These populations were found to be close to
Spathidium spathula in terms of cell shape, oral and somatic ciliature, and nuclear organization, but, in the
phylogenetic analysis derived from using Bayesian inference and maximum likelihood methods based on 18S
rDNA gene sequences, these populations were reported as Spathidium sp. because they were located very far
from the Spathidium spathula. In present study, it was observed that the isolated Spathidium sp. population
was in the same main clade as other spathidiid ciliates, but it was more closely related to Lagynophrya
acuminata, Enchelys gasterosteus and Balantidion pellucidum rather than their congeners. There are many
records in previous studies that there are incompatibilities between morphological and phylogenetic
classification models of Haptorian ciliates. This problem may be due to the fact that the characters used in the
morphological taxonomy of haptorid ciliates do not represent homology, and have emerged more than once in
different lineages independently. To overcome this problem, it is recommended to re-evaluate the
morphological taxonomy by identifying common morphological characters carried by genetically similar
ciliates.

Keywords: Spathidium, Spathidiida, Phylogeny, 18S rDNA, Lake Van
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ABSTRACT

Dileptids are rapacious ciliates (Ciliophora, Protista) commonly found in a variety of habitats all over the
World. They are characterized by having a proboscis underneath of which is the oral opening. We collected
six dileptid populations belonging to species Rimaleptus mucronatus, R. binucleatus, Rurikoplites armatus
(two populations), Dileptus costaricanus and Apodileptus visscheri rhabdoplites were isolated from 4 different
stations from various soil habitats in Tekirdag, Turkey. After species identification using standard methods,
for all five species (six population) the small subunit rRNA (SSU rRNA) gene sequence was determined.
Comparisons with 18S rRNA gene sequences of morphologically similar congeners clearly support the validity
each species. In addition to, the nucleotide sequences of rDNA gene of the isolated species have been revealed
for the first time in our country. Phylogenetic analyses based on Bayesian inference and maximum likelihood
methods supports the distinction of Dileptidae and Dimacrocaryonidae in the order Dileptida. In addition to,
the species obtained in this study except for Rimaleptus binucleatus are clusterd together with same species
obtained in previous studies. The fact that the other five population isolated in this study are clustered together
with same species previously described, but with different branch lengths in phylogenetic tree can be
considered as a sign that they started differentiate.

Keywords: Soil dileptid ciliates, Rimaleptus mucronatus, R. binucleatus, Rurikoplites armatus, Dileptus
costaricanus, Apodileptus visscheri rhabdoplites, 18S rDNA, morphology, Phylogeny.
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OZET

Diisiik seviyeli lazer tedavisinin veya fotobiyomodiilasyonun (PBM), literatiirde invaziv olmayan, ¢ok diisiik
maliyetli, etkili, belirgin yan etkileri olmayan ve tamamlayict yeni bir tedavi teknigi oldugu bildirilmistir.
Disiik seviyeli lazer tedavisi, yiiksek yogunluklu, tek renkli, dar bantli bir 11k kaynaginin yerel olarak
uygulanmasini i¢erdigi ve 390 nm - 1100 nm dalga boyu araliginda ve 1 mW - 500 mW giicte insan viicuduna
zararli 1s1 Uretmeden calistigi raporlanmistir. Bu teknikte termal bir etki tiretmek yerine, hiicrelerdeki
fotokimyasal reaksiyonlar uyarilarak dokularin kendi kendini iyilestirmesinin saglandigi belirtilmektedir. Bu
calisgmada maksiumum c¢alisma giicii 400 mW olan kati-hal bir laserin yapay doku benzeri fantomlardaki
sicaklik etkileri farkli mesafelere ve zamanlara gore iki farkli 1s1l ¢ift kullanilarak incelenmistir. Yapilan
caligmada, yapay doku benzeri malzeme olarak Agar ve Zerdine fantomlari, lazer kaynagi olarak 635 nm dalga
boylu kirmizi renkli bir kati-hal diyot lazeri ve 1silgiftler olarak da T-tipi ultra ince 1s1l¢ift ile NTC tipi termistor
sicaklik sensorii kullanilmistir. Deneyler 20,40,60 ve 80 saniye siireler icin ayri ayr1 gerceklestirilmistir. Bu
bildiride, belirtilen fantomlar igin yapilan sicaklik 6lgiim galigmalar1 ve bulunan sonuglar paylasilacaktir.

Anahtar Kelimeler: Doku Benzeri Malzemeler, Zerdine, Agar, Diisiik Giiglii Lazer, Sicaklik Etkileri, Isilgift,
Fotobiyomodiilasyon

ABSTRACT

In the literature, low-level laser therapy or photobiomodulation (PBM) has been reported to be a new, non-
invasive, very low cost, effective, and complementary treatment technigue with no obvious side effects. It has
been also documented that low-level laser therapy involves the local application of a high-intensity,
monochrome, narrow-band light source and works in the wavelength range of 390 nm - 1100 nm and 1 mW -
500 mW without generating harmful heat to the human body. In this technique, instead of producing a thermal
effect, it is stated that the tissues heal themselves by stimulating photochemical reactions in the cells. In this
study, the temperature effects of a solid-state laser with a maximum operating power of 400 mW in an artificial
tissue-mimicking phantoms were investigated using two different thermocouples according to the different
times and distances. In the realized study, Agar and Zerdine phantoms were used as artificial tissue-mimicking
materials, a red solid-state diode laser with 635 nm wavelength as a laser source and T-type ultra-fine
thermocouple and NTC type thermistor temperature sensor as thermocouples were used. The experiments were
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carried out separately for periods of 20, 40, 60 and 80 seconds. In this presentation, temperature measurement
studies and results for the specified phantoms will be shared.

Keywords: Tissue-Like Materials (TMMs), Zerdine, Agar, Low Power Laser, Temperature Impacts,
Thermocouple, Photobiomodulation
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ESTIMATING THE PHASE STRUCTURE OF HIGH ENTROPY ALLOYS BY USING VARIOUS
PHYSICAL PARAMETERS BY MACHINE LEARNING

CESITLI FiZIKSEL PARAMETRELER KULLANILARAK YUKSEK ENTROPILI ALASIMLARIN FAZ
YAPISININ MAKINE OGRENIMI ILE TAHMINI

Kagan SARLAR
Ars. Gér. Dr., Karamanoglu Mehmetbey Universitesi Kamil Ozdag Fen Fakiiltesi Fizik Béliimii, ORCID No: 0000-0002-8871-2357

ABSTRACT

In this study, the valence electron concentration (VEC), structure factor (), enthalpy of mixing (AH,,;y),
entropy of mixing (AS,,i,) and electronegativity difference (Ay) values are calculated for each alloy and a
dataset has been created. This dataset was trained by machine learning with Gradient Boosted Trees and it was
predicted which amorphous or solid solution phase structure would be formed. It has been observed that this
learning method predicts the structure correctly in 93% of the results

Keywords: High Entropy Alloys, Machine Learning, Tensorflow

OZET

Modern ¢agin gelisimi farkli kosullar altinda ¢alisabilen yeni malzemelerin ¢esitliligi ile saglanmistir. Son
zamanlarda bu yeni nesil malzeme tiiriine 6rnek olarak Yiiksek Entropili Alasimlar (YEA) 6rnek olarak
verilebilir. 2004 yi1lindaki ilk makaleden itibaren 6zellikle son yillarda pek ¢ok yayin literatiire kazandirilmistir.
Yiiksek Entropili Alagimlarin en 6nemli 6zellikleri arasinda yiiksek mukavemet, yiiksek kororzyon direnci,
yumusak manyetik 6zellikler ve termal kararlilik sayilabilir.

Makine 6grenimi, yazilan kodlardan ziyade sisteme girilen verilerin analizi ile 6grenmeyi gergeklestiren bir
yapay zeka bi¢imidir. Makine 6grenmesi insan zekasini taklit eden algoritmalar biitiintidiir. TensorFlow, cesitli
gorevlerde veri akist ve farklilagtirilabilir programlama igin iicretsiz ve acik kaynakli bir yazilim kitapligidir.
Sembolik bir matematik kitapligidir ve sinir aglar1 gibi makine 6grenimi uygulamalar1 i¢in de kullanilir.
Google'da hem arastirma hem de iiretim i¢in kullanilmaktadir. TensorFlow, Google Brain ekibi tarafindan
dahili Google kullanimi i¢in gelistirilmistir. 9 Kasim 2015'te Apache License 2.0 altinda acik kaynak kod
olarak ticretsiz bir sekilde yayinlanmustir.

Bu calisgmada Valans elektron konsantrasyonu (VEC), yap1 faktorii (8), karigim entalpisi (AH,y;y), karigim
entropisi) (AS,,ix) ve elektronegatiflik farki (Ay) degerleri her bir alasim igin hesaplanarak veri kiimesi
olusturulmustur. Olusturulan bu veri kiimesi Gradient Boosted Trees makine 6grenimi ile degerlendirilerek
amorf ya da kat1 ¢dzelti faz yapisinin hangisinin olusacagi tahmin edilmistir. Elde edilen sonuglar % 93
oraninda bu 6grenme yonteminin yapiy1 dogru tahmin ettigi gdzlenmistir.

Anahtar Kelimeler: Yiiksek Entropili Alasimlar, Makine Ogrenimi, Tensorflow

Page-71



ISPEC

INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES-9
November 13- 15, 2020/Ankara-Turkey

PROCEEDINGS BOOK
by ISPEC Publishing House/ ISBN: 978-625-7720-06-9

SEARCH FOR LEPTON FLAVOR VIOLATION IN Z BOSON DECAYS INTO ELECTRON AND
MUON WITH THE CMS DETECTOR AT THE LHC

Wael. HAJAHMAD

Erzincan Binali Yildirim University, Department of Physics, Turkey

RWTH Aachen University, III.Physikaliches Institut B, Germany

ABSTRACT

The standard model forbids lepton flavor violating processes despite the absence of an underlying symmetry.
The observation of the neutrino oscillations proved the neutral lepton flavor violation, which opened a new
gateway to search for violations in charged lepton sector. Hence, the observation of charged lepton flavor
transitions would represent a clear signal of new physics beyond the standard Model. This search preforms a
direct search for charged lepton flavor violation in leptonic decays of Z boson into electron and muon final
state using data samples of proton-proton collisions collected by the CMS detector at the LHC, corresponding
to an integrated luminosity of 35.9 fb’! at a center-of-mass energy of 13 TeV.

Keywords: LHC, CMS, Exotica, Lepton Flavor Violation.
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SIMULATION OF SIGNAL MONTE CARLO SAMPLES OF LEPTON FLAVOR VIOLATING
DECAYS OF Z BOSON INTO ELECTRON AND MUON

Wael. HAJAHMAD

Erzincan Binali Yildirim University, Department of Physics, Turkey

RWTH Aachen University, III.Physikaliches Institut B, Germany

ABSTRACT

Observation of lepton flavor violation in decays of Z boson into a pair of leptons of different flavors would be
a clear signal of new physics beyond the Standard Model. The lepton flavor violation in Z boson decays are
predicted by models with heavy neutrinos, supersymmetry, and extended gauge models. Decays of Z boson
into an electron and a muon are considered. This work describes all the physical and technical details of
modelling and generating Z — e p signal Monte Carlo samples using Madgraph event generator. The signal
samples are simulated for proton-proton collisions at a center-of-mass energy of 13 TeV.

Keywords: LHC, CMS, Exotica, Lepton Flavor Violation, Monte Carlo Simulation.
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ELECTRICAL CHARACTERISTICS OF AL/(ORGANIC INTERLAYER)/P-SI SCHOTTKY
DIODES UNDER VARIOUS ILLUMINATION INTENSITIES

Omer SEVGILI
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ABSTRACT

The photodiode is an optoelectronic device which is converts the incident photon energy to electricity and it is
widely optoelectronic and electronic device technology. Especially, interfacial layer is very important for
photodiode applications. The main purpose of this study, the photodiode application of Al/(organic
interlayer)/p-Si Schottky Diodes was investigation. The organic interlayer solution were deposited on n-Si by
using spin coating method and Al/(organic interlayer)/p-Si Schottky Diodes were fabricated. To determination
the photosensing properties of photodiode such as open circuit voltage (Voc), short circuit current (lsc) were
evaluated by values illumination condition. Additionally, the diode parameters such as ideality factor (n), the
zero-bias barrier height (®go), saturation current (lo) and series resistance (Rs) were also evaluated by dark and
illumination condition. The Current-Voltage (I-V) measurements were performed by using Keithley 2400
source-meter between (-3) V and 3 V both under dark and different illumination conditions at room
temperature. Additionally, to examine surface morphology of Al/(organic interlayer)/p-Si Schottky Diodes
was used X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM). The photodiode performance
under illumination condition was better than dark. The photoelectrical properties of Al/(organic interlayer)/p-
Si Schottky Diodes indicate that the prepared photodiode can be used in optoelectronic and electronic device
technology.

Keywords: Photodiode applications, organic interlayer, Schottky Diode, optoelectronic technology
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PHOTOCONDUCTIVE PROPERTIES OF MGNIO AND ITS OPTOELECTRONIC
APPLICATIONS

Fahrettin SARCAN
Department of Physics, Faculty of Science, Istanbul University, Orcid No: 0000-0002-8860-4321

ABSTRACT

In this study, optical and electrical properties of MgNiO semiconductor has been studied in the range of 30 K
to 300 K. Photoconductivity spectrums showed that the energy band bap of MgNiO blue shift as a function of
Mg content. Moreover, a new heterostructured ultraviolet metal-semiconductor-metal photodetector based on
Mgo.67Nio.330 thin film on SrTiOs is reported. The responsivity of the Mgo.s7Nio33 - SrTiO3z based photodetector
at 320 nm is 415 mA/W, with dark current lower than 40 pA at a bias of 10 V. The proposed heterostructured
detector has close to an order of magnitude enhanced responsivity in the deep-ultraviolet region compare to
the reference SrTiOzphotodetector. The rise time more than two orders of magnitude shorter than the reference
SrTiO; photodetector.

Keywords: MgNiO, photoconductivity, Metal-Semiconductor-Metal, deep ultraviolet,
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A LOW VACUUM PRESSURE SENSOR BASED ON ZNO NANOPARTICLES
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ABSTRACT

In this study, ZnO nanoparticles based vacuum pressure sensor for low vacuum applications is studied. The
sensor reveals a linear relationship in current versus pressure in a logarithmic plot. In the range of 1 mbar to
10*3 mbar, the sensor sensitivity is found be 110, which is the highest sensitivity for ZnO nanostructure-based
vacuum sensors. Using the resistance-time plot of the vacuum pressure, the rise and fall times of the sensor are
determined as 6.6 and 15.6 s, respectively. The power consumption of the sensor is 6.5 puW. The operational
parameters of the proposed sensor are found be much better than those of previously reported ZnO
nanostructure-based sensors and, indeed, traditional ones. The sensing mechanism of the sensor is explained
by the adsorption/desorption of OH— ions from the surface of the ZnO nanoparticles, leaving behind oxygen
ions combined with oxygen vacancy states.

Keywords: vacuum pressure sensor, ZnO, ZnO nanoparticles, nanostructures.

Page-76



ISPEC

INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES-9
November 13- 15, 2020/Ankara-Turkey

PROCEEDINGS BOOK
by ISPEC Publishing House/ ISBN: 978-625-7720-06-9

NANO BOR NiTRUR TAKVIYELI EPOKSi YAPISTIRICILARIN HAZIRLANMASI VE
KARAKTERIZASYONU

PREPERATION AND CHARACATERIZATION OF NANO BORON NITRIDE REINFORCED EPOXY
ADHESIVES

Gediz UGUZ

Dr. Ogr. Uyesi, Ondokuz Mayis Universitesi, Miihendislik Fakiiltesi Kimya Miihendisligi Béliimii, ORCID No 0000-0002-67966067
Kiirsat GULTEKIN

Dr. Ogr. Uyesi, Ondokuz Mayis Universitesi, Miihendislik Fakiiltesi Makine Miihendisligi Boliimii, ORCID No:0000-000267906822
Yasemin KORKMAZ

Lisansiistii, Ondokuz May1s Universitesi, Miihendislik Fakiiltesi Makine Miihendisligi Béliimii, ORCID No:0000-0002-4516-985X

OZET

Uzay, havacilik, denizcilik ve savunma vb. endiistrilerinin ¢esitli gereksinimleri dogrultusunda gelistirilen
polimer matrisli malzemeler énemli bir malzeme grubudur. Son yillarda, endiistriyel ve giindelik anlamda
kullaniminin giderek artmasina bagli olarak, nanopartikiil takviyeli polimer malzemelerin iiretilmesi ve
gelistirilmesine yonelik calismalar arastirmacilarin ilgisini ¢ekmektedir. Ozellikle, cesitli amaglarla, epoksi
polimerlerin nanopartikiiller ile takviyelendirilmesi alanindaki ¢aligmalar hiz ve 6nem kazanmustir.

Epoksi polimerler basta kaplama ve yapistirma amacli olmak iizere ulagim, beyaz egya ve savunma endiistrisi
gibi ¢ok cesitli kullanim alanina sahiptir. Nanopartikiiller, tiirlerine ve uygulanma sekillerine gore tiretilen
polimer matrisli malzemelerin mekanik, kimyasal, termal ve elektriksel vb. gesitli 6zelliklerinin
iyilestirilmesinde kullanilabilecek uygun katki malzemeleri olarak goriilmektedir. Bor bilesikleri bu
ozelliklerin iyilestirilmesi kapsaminda kullanilabilecek stratejik 6neme sahiptir. Ayrica gelisen sanayi ve
teknolojik ilerlemelerin temel girdi maddelerinin basinda gelen vazgecilmez mineral kaynaklarindan biridir.
Son yillarda yapilan aragtirmalar, 6zellikle bor nitriiriin polimer malzemelerin mekanik ve termal 6zelliklerini
iyilestirme konusunda 6nemli bir takviye ¢esidi olabilecegini gostermistir.

Sunulan bu ¢aligma kapsaminda yapistiricilarda nanopartikiil takviye oraninin etkisini incelemek amaciyla, iki
farkli 6zellikteki epoksi yapistirict igine farkli oranlarda (%0, %0,5, %1, %2, %3, %4 ve %5) nano hegzagonal
bor nitriir (h-BN) partikiilleri katilmasiyla {iretilen yeni yapistirict numuneleri hazirlanmigtir. Hazirlanan
numuneler Taramali Elektron Mikroskobu (SEM) ve Fourier Doniigiimlii Kizil6tesi Spektroskopisi (FT-IR)
teknikleri ile karakterize edilmistir. SEM goriintiileri nanotakviye malzemesinin polimer matrisi igerisindeki
dagildigim fakat ag yapiya yeterince tutunamadigini gostermektedir. FT-IR spektrumlarina dayali yapisal
analizler, secilen tiim iki bilesenli yapistiricilarin kiirlesme esnasinda c¢apraz baglanmalarin agirlikli olarak
azot gruplar1 iizerinden gergeklestigini gostermektedir. Takviye oranimin artmasma bagli olarak pik
siddetlerinde gegirgenlik degerlerinin azaldigi goriilmektedir. Elde edilen bulgular neticesinde
nanopartikiillerin modifikasyon ¢alismasinin gerekliligi ortaya konulmustur.

Anahtar Kelimeler: Bor Nitriir, Epoksi, FT-IR, Nanopartikiil, Yapistirict

ABSTRACT

Polymer matrix materials developed in line with the various requirements of the industries as space, aviation,
marine, defense etc. are an important material group. In recent years, due to the increasing use of them in
industrial and daily terms, studies on the production and development of nanoparticle reinforced polymer
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materials have attracted the attention of researchers. Especially, studies in the field of reinforcing epoxy
polymers with nanoparticles for various purposes have gained speed and importance.

Epoxy polymers have a wide variety of uses, especially for coating and bonding, such as transportation, white
goods and defense industry. Nanoparticles are seen as suitable additives that can be used to improve various
properties of polymer matrix materials as mechanical, chemical, thermal and electrical, etc. produced
according to their types and applications. Boron compounds have strategic importance that can be used to
improve these properties. It is also one of the indispensable mineral resources, which is one of the main inputs
of developing industry and technological advances. Research, conducted in recent years, has shown that boron
nitride, in particular, can be an important type of reinforcement in improving the mechanical and thermal
properties of polymer materials.

Within the scope of this study presented, the effect of nanoparticle reinforcement ratio in adhesives, new
adhesive samples were prepared by adding different proportions (0%, 0.5%, 1%, 2%, 3%, 4% and 5%) of nano
hexagonal boron nitride particles into two different epoxy adhesives. The prepared samples were characterized
by Fourier Transform Infrared Spectroscopy (FT-IR) and Scanning Electron Microscopy (SEM) techniques.
SEM images show that the nano reinforcement material is dispersed in the polymer matrix but could not adhere
to the network sufficiently. Structural analysis based on FT-IR spectra show that all selected two-component
adhesives are cross-linked mainly through nitrogen groups during curing. It is observed that the transmittance
values decrease in peak intensities due to the increase in the reinforcement ratio. As a result of the findings
obtained, the necessity of a modification study of nanoparticles was revealed.

Keywords: Adhesive, Boron Nitride, Composite, Epoxy, FT-IR, Nanoparticle

1. GIRIS

Malzeme ekonomide tiim faaliyetlere girdi saglamasi acisindan yiiksek potansiyele sahiptir ve bu niteligi
acisindan mikro-elektronik, biyoteknoloji ve nanoteknoloji ile birlikte endiistriyel iiretimin temel teknolojik
alanlarindan birisi olarak kabul edilmektedir. Bu potansiyel dogrultusunda bilim insanlari tarafindan, malzeme
biliminin aragtirma ve gelistirilmesine yonelik ¢ok cesitli caligsmalar yapilmaktadir. Malzeme bilimi 6zellikle
savunma, havacilik, uzay, mikro-elektronik, iletisim ve otomotiv sektorlerinde kullanilacak ileri malzemelerin
tiretilmesi i¢in ¢esitli gereksinimler ve bu gereksinimleri karsilayabilecek ¢ok disiplinli ve proses agirlikli bir
alana doniismesiyle birlikte ilerlemektedir. Bu baglamda kompozit malzemeler, akilli ve islevsel malzemeler,
optoelektronik malzemelerin iiretilmesi ve gelistirilmesi dnem kazanmigtir. Bu {iriinlerinin iretilmesi ve
gelistirilmesi tilkemiz i¢in de dnemli firsat alanlaridir. Modern miihendislik sorunlarina yeni bir bakis agisi
getiren nanoteknoloji, geleneksel malzemeleri yeni nano malzemelere birakarak her alanda yerini almigtir [1].

Polimer nanokompozit teknolojisi endiistride, yapisal ve kaplama malzemelerinden medikal {iriinler ve
elektronik cihazlara kadar ¢ok genis uygulama alanina sahiptir [2,3]. Polimer nanokompozitler polimer matrisi
ve nanoparcacigl karistirilmasiyla iretilen ¢ift bilesenli sistemlerdir. Polimer nanokompozit iiretiminde,
polimer matrisi olarak yiiksek modiil, kimyasal direng ve iyi islenebilirlik gibi dzelliklere sahip olmasindan
dolay1 epoksi regineler yaygin olarak kullanilmaktadir [4]. Son yillarda yapilan arastirmalar, nanopartikiillerm
epoksi matrisin i¢cinde homojen olarak dagitildiginda, reginenin mekanik, optik, termal, elektronik veya
manyetik 6zellikleri gibi 6zelliklerinin ¢arpici bir sekilde iyilestigini gostermistir. Bu sebeple arastirmacilar
boyut, sekil, takviye orani, kimyasal bilesim gibi parametrelerin nanokompozit malzemelerin iizerinde 6nemli
etkiye sahip olduklarini vurgulamiglar ve nanopartikiillerin epoksi matris igerisindeki etkilesimini detayh
olarak incelemislerdir [5].

Yapilan arastirmalar h-BN/epoksi kompozitlerinin termal iletkenliginin ve elektriksel yalitkanliginin
milkemmel oldugunu gostermistir [6]. Malzemelerde termal iletkenlik ve elektriksel yalitkanlik istenilen
kosullardir ve h-BN/epoksi kompozitleri malzemelerdeki bu gereksinimi karsilamaya aday
nanokompozitlerdir [7]. Ayrica epoksi igine h-BN takviyesi tokluk, elastisite modiilii gibi mekanik 6zellikleri
iyilestirebilecegi sonuglarina varilmistir [5].

Bu calismada, nanopartikiil takviye oraninin etkisini incelemek amaciyla, iki farkli ozellikteki epoksi
yapistirici igine farkli oranlarda (%0, %0,5, %1, %2, %3, %4 ve %5) nano hegzagonal bor nitriir (h-BN)
partikiilleri katilmasiyla iiretilen yeni yapistirict numuneleri hazirlanmistir. Hazirlanan numunelerde epoksi
matrisi ve nanopartikiil arasindaki etkilesimi incelemek amaciyla Taramali Elektron Mikroskobu (SEM) ve
Fourier Doniisiimlii Kizil6tesi Spektroskopisi (FT-IR) ve teknikleri ile karakterize edilmistir.
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Epoksi yapistiricilar genellikle Sekil 1°de gosterildigi gibi sodyum hidroksit (NaOH) katalizorii esliginde
Bisfenol A ve epiklorohidrinin tepkimesi sonucu iiretilirler [8]. Epoksi re¢ine igermezler fakat kiirlesme islemi
sonrasinda 1260 ve 695 cm™’deki C-N baglarindan kaynakl pikler gostermektedir [8-10].

™7 \
(n+1) HOMOH + (n+2) CH;—CH-CH,—ClI
N\ 7
CHy \— o

(n+2) l NaOH

CHs —\ CHs
0 O O o—cn,—cl:n-cnz—o & b7 A O—CH,~CH—CH;
CHy OH i ey A= N
n

Sekil 1. Bisfenol A ve Epiklorohidrin tepkimesi

Cift bilesenli epoksi yapistiricilar epoksi recine igerisindeki temel bilesen olan oksiran halkasinin cesitli
kiirlesme ajanlart ile polimerizasyonu sonucu firetilirler. Kiirlesme ajanlar ¢ift bilesenli sistemlerde ayrica
sertlestirici olarak bilinmektedir. Bu sistemlere ¢esitli amaclarla, sertlestiricinin yanisira, seyrelticiler,
plastiklestiriciler ve hizlandiricilar gibi ¢esitli katki maddeleri ilave edilmektedir. Genellikle oda sicakliginda
kiirlesebilen alifatik aminler ve poliamidler yaygin sertlestirici tiirlerine 6rnek verilebilir. Diisiik molekiil
agirlikli sivi epoksiler kiirlesmesi i¢in amin gruplari kullanilmaktadir[12]. Epoksi yapistiricilarin kiirlesme
mekanizmasi Sekil 2°de gosterilmistir.

FT-IR kizilotesi radyasyon altinda, malzemelerin atomlar1 arasindaki bag etkilesimlerini inceleyen
enstriimental bir tekniktir. Analiz esnasinda Ornek ilizerinden kizildtesi 1sin gegirilirken, bu 1sin 6rnek
tarafindan absorplanir ve drnekteki baglar arasinda farkl titresimler meydana getirmektedir. Geriye kalan
kizilotesi 151n yansitilir. Her malzeme farkli atomlardan olustugu icin, iki farkli molekiil ayni spektrumu
vermez. Bu kapsamda FT-IR spektroskopisi karisimlarin bilesenlerini, fonksiyonel gruplar ve bilinmeyen
malzemelerin yapilarini belirlemede kullanilan yaygin bir tekniktir [13].

0
\_ H (—C H—e""
2 :\: . " X NH:
R

N
H ™ H ——— NH:

— CH—CHs HoC-CH
S CH—CH, RCCH——

(] (¢]

N,
~CH~-CH;” ** "CHy—CH
i 2 = 3

OH OH

Sekil 2. Epoksinin kiirlesme mekanizmasi [11].

2. MATERYAL VE YONTEM
2.1. Materyal

Polimer matrisi olarak ¢ift bilesenli Araldite 2011 (Hunstman, USA) yapistirici ve MGS-LR285 (Hexion,
USA) yapistirict ve MGS-LH285 sertlestiricisi ile birlikte kullanilmistir. Takviye malzemesi olarak kullanilan
nanopartikiil olarak ise Egkisehir’de bulunan Bor Teknolojileri ve Mekatronik San. Tic. A.S.’den (BORTEK
A.S.) hegzagonal bor nitriir (h-BN) tedarik edilmistir. Nano h-BN plaka seklinde olup boyutlar1 yaklasik 100-
400 nm arasidadir ve % 97 safliga sahiptir ve SEM goriintiisii Sekil 3’te gosterilmistir.
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Sekil 3. Nano h-BN’nin SEM goriintiisii

2.2. Numunelerin Hazirlanmasi

Nano h-BN partikiilleri %0, %0,5, %1, %2, %3, %4 ve %5 olmak tizere farkli oranlarda iki farkli epoksi
yapistirict igine takviyelendirilerek yeni yapistirict numuneleri hazirlanmistir. Nanopartikiillerin yapistiric
icinde homojen olarak dagilmas1 6nemli bir husustur. Bu amacla ilk asamada nano h-BN partikiilleri 15 dakika
boyunca yaklasik 20 ml aseton igerisinde ultrasonik homojenizatorde karistirilmistir. Bir sonraki agamada
aseton i¢inde dagitilmis nanopartikiiller karigtirma oranina gore miktar1 belirlenen epoksi yapistirici igerisinde
30 dakika boyunca ultrasonik homojenizator ile karistirilmigtir. Hazirlanan bu nanopartikiil epoksi karigimina
Araldite 2011 epoksi yapistiricilarda sertlestirici oram agirlikca 100:80 ve MGS-L285 epoksi yapistiricilarda
sertlestirici orani agirlikga 100:40 olacak sekilde ilave edilerek 6zel olarak tasarlanan ve iiretilen disi silikon
kaliba dokiilmiistiir. Disi silikon kalibi hazirlamak amaciyla belirli boyutlarda erkek kalip tasarlanarak
iretilmistir. Erkek kalibin tizerine dokiilecek silikonun kaliptan kolayca ayrilabilmesi i¢in kalip ayiric
kullanilmistir. Daha sonra kalip silikonu ve katalizorii belirtilen oranlarda karistirilarak erkek kalibin tizerine
dokiilmustiir. Yaklasik 6 saat sonra silikon kalip tam olarak donmus ve sekil almistir. Bu islem sonucunda
disi numune kalib1 iiretilmistir. Disi silikon kalibin hazirlanmasi Sekil 4’te gosterilmistir. Silikon kaliba
dokiilen Araldite 2011 yapistirict ile hazirlanmis yeni yapistirict numuneleri 60°C’de 75 dakika ve MGS-L.285
yapistirici ile hazirlanmig yeni yapistirict numuneleri 80°C’de 35 dakika etiivde kiirlestirilmistir. Numunelerin
hazirlanmas1 asamalar1 Sekil 5’te dzet olarak gosterilmistir. Uretilen numunelerin SEM ve FT-IR teknikleri
ile analiz edilebilmesi amaciyla ylizeyleri zzimparalanmis etil alkol ile yikanmis ve kurutulmustur. Hazirlanan
SEM ve FT-IR numuneleri igerik ve kodlar1 Tablo 1’de gosterilmistir.

(b) (¢)

Sekil 4. Disi silikon kalibin hazirlanma agsamalari

*a)erkek kaliba kalip ayirict siirtilmesi, b) silikonun kaliba dokiilmesi, c) silikonun donmasi, d) tiretilen disi
numune kalib1
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(@

Sekil 5. Numunelerin hazirlanmasi agsamalari

*a)ultrasonik karistirici, b) ultrasonik karistirici probu ile nanopartikiiliin epoksi i¢inde dagitilmasi, c¢) disi
kaliba epoksinin dokiilmesi, d) numunelerin etiivde kiirlestirilmesi

Tablo 1. Hazirlanan SEM ve FT-IR numunelerinin icerik ve kodlari

Numune kodu
Araldite 2011 MGS-1285 % h-BN takviye oram

A-BN-0 H-BN-0 0
A-BN-0.5 H-BN-0.5 0.5
A-BN-1 H-BN-1 1
A-BN-2 H-BN-2 2
A-BN-3 H-BN-3 3
A-BN-4 H-BN-4 4
A-BN-5 H-BN-5 5

2.3.Karakterizasyon
2.3.1. Taramal Elektron Mikroskobu (SEM)

h-BN takviyeli epoksi yapistiricilarin yiizey morfolojini incelemek amaciyla JEOL JSM-7001F SEM
kullanilmistir. h-BN ve epoksi iletken malzeme degildir. Orneklerin yiizeyi, yiizeyde elektriksel iletkenligi
saglayabilmek, depolamay1 dnlemek ve detayli incelemek amaciyla altin (Au) ve palladyum (Pd) nano
parcaciklar ile kaplanmistir. SEM goriintiileri 15 kV hizlandirma voltajinda 10000 biiyiitme ile alinmigtir.
Epoksi yapistirict igerisindeki nano h-BN partikiilleri SEM teknigi ile tespit edilmistir.

2.3.2.Fourier Doniisiimlii Kizilotesi Spektroskopisi (FT-IR)

FT-IR kizilotesi radyasyon altinda, malzemelerin atomlar1 arasindaki bag etkilesimlerini inceleyen
enstriimental bir tekniktir. Analiz esnasinda Ornek iizerinden kizildtesi 1sin gegirilirken, bu 15 6rnek
tarafindan absorplanmir ve 6rnekteki baglar arasinda farkl titresimler meydana getirmektedir. Geriye kalan
kizilotesi 151n yansitilir. Her malzeme farkli atomlardan olustugu igin, iki farkli molekiil ayni spektrumu
vermez. Bu kapsamda FT-IR spektroskopisi karigimlarin bilesenlerini, fonksiyonel gruplari ve bilinmeyen
malzemelerin yapilarim belirlemede kullanilan yaygin bir tekniktir [13].

Bu ¢alismada, numunelerin yapisal analizleri Perkin Elmer Spectrum Two Spektroskopisi yardimiyla FT-IR
teknigi kullanilarak yapilmistir. FT-IR analizi ile birlikte epoksi ve h-BN’ye ait spesifik baglar karakterize
edilmistir. Her bir spektrum 650-4000 cm™ dalga sayis1 araliginda 4 cm™' ¢dziiniirliik ve saniyede 4 tarama ile
elde edilmistir. Tarama sonuglar1 Spectrum Two bilgisayar yazilimi ile degerlendirilmistir.

/81/



ISPEC INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES-9

3. ARASTIRMA VE BULGULAR
3.1. Taramah Elektron Mikroskobu (SEM)

Epoksi matris i¢inde nanoparcaciklarin dagilimini belirlemek i¢in takviyesiz epoksi yapistiricilar ve takviyeli
epoksi numuneleri SEM kullanilarak analiz edilmistir. Numunelerin yiizeyi polimer oldugu i¢in ve epoksi
matrisi igindeki ag yapilar1 ve nanopartikiiller detayl gozlemleyebilmek i¢in altin nanopartikiiller ile plazma
yontemi ile kaplanmistir. Numunelerin yiizeyleri incelenmistir. Sekil 6 ve Sekil 7°de % 0, %1 ve %5 nano h-
BN takviyeli Araldite ve MGS — L.285 yapistiricilarin ve SEM gériintiileri verilmistir.

Sekil 6. Araldite 2011 epoksi yapistirict numunelerin SEM goriintiileri
*a) % 0 h-BN, b) %1 h-BN, ¢) %5 h-BN

Sekil 7. MGS-L285 epoksi yapistirict numunelerin SEM goriintiileri
*a) % 0 h-BN, b) %1 h-BN, c) %5 h-BN

3.2. Fourier Doniisiimlii Kizilotesi Spektroskopisi (FT-IR)

Bu ¢alisma kapsaminda, iki farkli 6zellikteki epoksi yapistirict i¢ine farkli oranlarda (%0, %0,5, %1, %2, %3,
%4 ve %5) h-BN partikiillerinin takviyelendirilmesi ile iretilen yeni yapistirict numuneleri yapilari ve
kiirlesme davranislart FT-IR teknigi kullanilarak aragtirilmistir. Analiz sonucu elde edilen FT-IR spektrumlari
Sekil 9 ve Sekil 13 arasinda gosterilmis ve pikler Tablo 2°de 6zetlenmistir.
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Sekil 8. Nano h-BN, Araldite 2011 A epoksi yapistirici, Araldite 2011 B epoksi sertlestirici kiirlesmis ve
kiirlesmemis takviyesiz Araldite 2011 epoksi yapistirict karisimi

Sekil 8’de Araldite 2011 ile hazirlanan amorf polimer matrisi genis pikler géstermektedir. Nano h-BN yaklasik
olarak 800 ve 1390 cm™ dalga sayisinda sirasiyla B-N ve B-N-B pikleri gostermektedir [14]. 3381 cm™ dalga
sayisinda Araldite 2011 B sertlestirici kaynakli amin pikleri goriilmektedir. 2965 ve 2873 c¢cm™ dalga
sayilarinda epoksi yapistirict kaynakli aromatik C-H baglarinin varligi gdzlemlenmistir [8,15,16]. Nanotakviye
ilave edilmis karigim halinde gozlenen 1608 cm™ bant araliinda C=C gerilimlerinin h-BN’nin polimerik
matriste dagildigini isaret etmektedir [8,15]. 695 cm™ dalga sayisinda sertlestirici kaynakli C-N baglari
goriilmektedir [17]. 3057, 915 ve 835 cm™ dalga sayilarinda epoksinin kimyasal formiiliindeki oksiran
halkalarinin varligi goriilmektedir [8,14,15]. Sekil 9’da benzer olarak, nano h-BN, MGS-LR285 epoksi
yapistirici, MGS-LH285 epoksi sertlestirici kiirlesmis ve kiirlesmemis takviyesiz MGS - L285 epoksi
yapistirict karigimi igin karakteristik pikler gosterilmistir. Sekil 11 ve 13’te; h-BN nanotakviyesi ile epoksi
yapisinda 1363, 1190, 1063 ve 1036 cm™ dalga sayilarinda sirasiyla C-CHs (metil kaynakli), C-OH (ikincil
alkol kaynakli), C-O (eter kaynakli) ve C-O (aromatik halka kaynakli) baglarinda pik titresimlerinin degistigi
goriilmistiir [8,9,14,15,18]. Sekil 10 ve Sekil 12°de verilen FT-IR spekturumlari incelendiginde; takviye
oraninin artmasina bagl olarak pik siddetlerinde % gecirgenlik degerlerinin azaldig1 goriilmektedir
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Sekil 9. Nano h-BN, MGS-LR285 epoksi yapistirici, MGS-LH285 epoksi sertlestirici kiirlesmis ve
kiirlesmemis takviyesiz MGS - L285 epoksi yapistirici karisimi

Tablo 2. Epoksi, sertlestirici, kiirlesmemis epoksi, kiirlesmis epoksi ve h-BN i¢in FT-IR spektrumlari

Dalga sayis1 (cm™)

Fonksiyonel Grup

3381
3504
3057
2965
2873
2688
1700
1608
1509
1500
1454
1435
1390
1363
1260
1247
1230
1192
1063
1036
915

831
800
772
695
560

N-H sertlestirici kaynakli amin
O-H gerilmeleri (fenol ve alkol)

C-H okziran halkas1 kaynakli gerilme

C-H CH; gerilmesi
Aromatik C-H

Genis nem piki

C=0 karbonil piki
Aromatik C=C

Aromatik C-C

Para substituted benzen
Aromatik and alifatik C-H
B-N gerilmesi

B-N titresimi

C-CHjs

C-N gerilme piki
Aromatik C-O

C-O eter kopriisii

C-0 ikincil alkol

C-O eter

Aromatik C-O

C-O oksiran halkasi1 kaynakli
C-H piki

C-O-C oksiran halkas1 kaynakl
B-N-B piki

CH; yarilma piki

C-N sertlestirici kaynakli
C-C titresioi
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Sekil 10. % 0, %0.5, %1, %2, %3, %4 ve %5 nano h-BN takviyeli Araldite 2011 epoksi yapistirict
numunelerin FT-IR spektrumlari
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Sekil 11. % 0, %0.5, %1, %2, %3, %4 ve %5 nano h-BN takviyeli Araldite 2011 epoksi yapistirict
numunelerinin 900-1500 cm™ dalga sayis1 araligindaki FT-IR spektrumlari
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Sekil 12. % 0, %0.5, %1, %2, %3, %4 ve %5 nano h-BN takviyeli MGS-L285 epoksi yapistirict
numunelerin FT-IR spektrumlari
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Sekil 13. % 0, %0.5, %1, %2, %3, %4 ve %5 nano h-BN takviyeli MGS-L285 2011 epoksi yapistirict
numunelerinin 900-1500 cm™ dalga sayis1 araligindaki FT-IR spektrumlari

4. SONUC

SEM teknigi ile elde edilen sonuglara gore; takviyesiz epoksi numuneleri nanopartikiil takviyeli numunelere
gore daha diiz bir yilizeye sahip olduklar1 goriilmiistiir. Yiizeylerde polimerin ag yapisindan kaynakli
bosluklarin bazilarinin nanopartikiiller ile kismen doldugu gozlemlenmistir. Yiizeyde goriilen dolmayan
bosluklar nanopartikiil ile polimer matrisin ag yapisindaki etkilesmenin tam olmadigin1 gostermektedir [19].
Ozellikle nano h-Bn takviye yiizdesi %1°den %5 kadar artarken kismen dagilma goriilmektedir. Takviye
oraninin artmastyla nanopartikiillerin epoksi yapistirici igerisinde kismi kiimelesmelerin olustugu Sekil 6 ve
Sekil 7°de goriilmektedir.

FT-IR spektrumlardan elde edilen sonuglara gore polimer matrisi i¢inde nanotakviye olarak belirtilen nano h-
BN’nin ag yapida herhangi bir kimyasal degisiklie sebep olmadigini, baglar arasinda etkilesimde
bulundugunu gostermistir. Takviye oraninin artmasina bagli olarak pik siddetlerinde % gegirgenlik
degerlerinin azaldig1 goriilmektedir. Cift bilesenli yapistiriciya farkli oranlarda nano h-BN takviyesi ile elde
edilen spektrumda olasi etkilesimlerin, polimer zincirlerindeki aromatik gruplar arasinda gergeklestigi ve buna
dayali konformasyonel degisimlerin ve pik gerilimlerini diisiik enerjili bolgeye kaydirdigi séylenebilir.
Nanotakviye ilave edilmis karigim halinde gézlenen 1731-1616 cm-1 bant araliginda C=C gerilimlerinin h-
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BN’nin polimerik matriste dagildigini isaret etmektedir. Sonuglar h-BN partikiillerinin i¢ine belirli oranda
yerlestigini gostermektedir.

5. ONERILER

Bu calismadan elde edilen SEM goriintiilerinde, yiizeylerde polimerin ag yapisinda kaynakli bosluk
bolgelerinin varlig1 goriilmektedir. Yiizeyde goriilen bosluklar nanoparcacik ile polimer matrisin ag
yapisindaki kismi etkilesmenin oldugunu gostermektedir. Literatiirde malzemelerin mekanik, 1sisal ve
elektriksel vb. bir takim o&zelliklerinin iyilestirilmesi amaciyla nanopartikiillerin polimer yapida
kenetlenmesini saglamak amaciyla modifikasyon yontemleri kullanilmaktadir. Nano h-BN yiizeylerinin ag
yaptya daha iyi kenetlenmesi i¢in modifikasyon yonteminin kullanilmast Onerilmektedir. FT-IR
spektrumlardan elde edilen sonuglara gére polimer matrisi icinde nanotakviye olarak belirtilen nano h-BN’nin
ag yapida herhangi bir kimyasal degisiklige sebep olmadigini, baglar arasinda etkilesimde bulundugunu
gostermistir. Takviye oraninin artmasina bagli olarak pik siddetlerinde % gegirgenlik degerlerinin azaldig
goriilmektedir. Bu azalma, FT-IR teknigi kullanilarak epoksi i¢ine katilan nanotakviye malzemelerin
miktariin kantitatif olarak belirlenebilecegi konusunda yol gostermektedir.
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OZET

Arastirmacilar, son yillarda nanoteknoloji sayesinde malzeme ve sistemlerin 6zelliklerini karakterize etmeye
baglamiglardir. Nanoteknoloji ve bilimdeki gelismeler, nanoyapi takviyeli polimerler alanindaki ¢alismalara
ilham kaynagi olmustur. Nanoyapinin avantajlar1 dikkate alinarak yeni bir yapistirici liretmek 6nemlidir.
Ugaklarda ve havacilik endiistrisinde bor nanopartikiillerinin kullanimi son zamanlarda artmaktadir.
Nanoteknolojideki ilerlemeler ile polimerler ve kompozit malzemeler iizerinde yapilan tasarim ve gelistirme
caligmalari, sektorde yaygin kullanimi saglamistir. Sunulan g¢alismada, olaganiistii sertlige ve mekanik
ozelliklere, diisik ozgiil agirliga, kimyasal maddelere karsi biiylik dirence sahip hekzagonal bor karbiir
nanopartikiiller (h-B4C) kullanilarak yeni nano-takviyeli epoksi yapistiricilar gelistirilmistir. Ayrica,
gelistirilmis bor karbiir takviyeli yapistiricilar kullanilarak tek bindirmeli baglantilar iretilmistir. Bu
calismada; gelistirilen yapistiricinin mekanik 6zelliklerini belirlemek i¢in, nano yapistiriciyla birlestirilen tek
tesirli baglantilarin ¢eki hasar yiikii deneysel olarak incelenmistir. Sonug olarak, deneylerden elde edilen hasar
yiikleri incelendiginde, bor karbiir nanopartikiil takviyeli yapistiricilarin ¢ekme yiikiinii énemli Slglide
arttirdig1 gortilmiistiir.

Anahtar Kelimeler: Bor Karbiir, Nano Yapistirici, Nanoyapi, Cekme, Mekanik Ozellikler

ABSTRACT

Researchers began to characterize the properties of materials and systems by means of nanotechnology in
recent years. The improvement in nanotechnology and science have affected the studies of nanostructure-
reinforced polymers notably. It is important to produce a new bonding element by taking into consideration
the advantages of nanostructure. The use of boron nanoparticles in the aircraft and aviation industry have been
increasing recently. The design and development studies carried out on the polymers and composite materials
with advances in nanotechnology have provided widespread use in the industry. In the presented study, new
nanoreinforced epoxy adhesives were developed using hexagonal boron carbide nanoparticles (h-B4C) that
have outstanding hardness, good mechanical properties, low specific weight, great resistance to chemical
agents. And, single lap joints were produced using developed boron carbide reinforced adhesives. In this study;
to determine the mechanical properties of the developed adhesive, tensile failure load of the nanoadhesively
bonded single joints were examined experimentally. As a result, when the failure loads obtained from the
experiments were examined, it was seen that boron carbide nanoparticle-reinforced adhesives increased the
tensile load of the joints substantially.

Keywords: Boron Carbide, Nano Adhesive, Nanostructure, Tensile, Mechanical Properties
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1. GIiRiS

Modern miihendislik sorunlarina yeni bir bakis agis1 getiren nanoteknoloji, geleneksel malzemeleri yeni nano
malzemelere birakarak her alanda yerini almistir. Nanoteknoloji alanindaki caligmalar, temel olarak malzeme
ve mekanik biliminin konusudur. Igerisinde nanopartikiil iceren polimerler, nanokompozit malzemeler olarak
yer bulmus ve bu gelismenin yapistiric1 ve yapistirma baglantilarina uyarlanmasi verimli sonuglar ortaya
cikarmistir. Bu alanda gerceklesen gelismeler, diger alanlari dogrudan veya dolayli olarak etkilemektedir.
Yapistirma baglantisi tasariminda, uygun yapistirict se¢cimi énemli oldugundan nanopartikil ile yapistirici
ozelliklerinin gelistirilmesi ve istenilen 6zelliklere sahip yapistiricilarin iiretilmesi 6nem arz etmektedir.
Boylece, uygun ozellikteki yapistirict iiretimi sayesinde, yapistirma baglantilarinin tasarimini kisitlayan
mevcut sorunlarin bir kismi giderilebilmektedir [1]. Giiniimiizde polimer malzemelerin mekanik 6zelliklerini
gelistirmek i¢in takviye malzemesi olarak nano boyutta gesitli partikiillerin katildig1 ¢alismalarin yogunlagtigi
gorilmektedir [2-4]

Sarag vd. [5] tarafindan yapilan ¢alismada; epoksi igerisine %2, %4 ve %6 oraninda nano-Al203, nano-TiO2
ve nano-SiO2 partikiilleri katarak gelistirdikleri yapistiricilar ile farkli bindirme uzunluklarina sahip tek tesirli
celik baglanti numuneleri tiretmislerdir. Yapilan deneysel ¢alismalar sonucunda hasar yiikiiniin; yapistirici
icerisine nanopartikiillerin eklenmesi ile arttiin1 ve nanopartikiil tiiriiniin baglantinin mukavemeti agisindan
onemli bir parametre oldugunu ifade etmislerdir. Eryildiz vd. [6] farkli oranlarda grafen ve ¢cok duvarli karbon
nanotiip partikiilleri (CDKNT) kullanarak iirettikleri nanokompozit yapistirict ile birlestirilmis tek tesirli
baglanti numunelerinin mekanik 6zelliklerini incelemislerdir. Baglantilarin dayaniminin agirlikca 9%0.5
oranina kadar arttig1 ve katki oraniin artmasiyla (>%0.5) aglomerasyon meydana geldigi i¢in baglantinin
dayanimmin azaldigi belirtilmistir. Ayrica, CDKNT katkisina kiyasla grafen katkisinin baglantinin
mukavemetini daha ¢ok artirdig1 ifade edilmistir. Hadjez vd. [7] tarafindan yapilan bir ¢alismada ise; %2
oraninda grafen takviyesiyle tek tesirli karbon kompozit baglanti numunelerinin mekanik 6zelliklerinin
deneysel ve niimerik olarak inceleyerek grafen katkisinin baglantinin hasar yiikiini artirdigini ifade
etmislerdir. Ghabezi ve Farahani [8] vakum inflizyon yontemi kullanarak iirettikleri diiz dokuma cam epoksi
kompozit malzemeleri birlestirmek i¢in yapistirici igerisine nano aliimina partikiilleri eklemislerdir. Deneysel
calisma sonucunda; yapistirici igerisine %0.74 oraninda nanopartikiilin eklenmesiyle, baglantinin kayma
mukavemetinde yaklasik %14 oraninda artis oldugu ifade edilmistir. Srivastava [9] agirlik¢a %3 oraninda g¢ok
duvarli karbon nanotiip (CDKNT) katkili yapistirici kullanarak elde ettigi bindirme baglantilarinin kayma
ozelliklerini incelemistir. Yapilan ¢calismada, karbon nanotiip katkisinin epoksi re¢inenin sertlik ve dayanimini
arttirdig1 ifade edilmistir. Ayrica, katkili yapistiriciyla birlestirilmis baglantilarin kayma deformasyonu ve
catlak olusumuna karsi direncinin de arttigi belirtilmistir. Zhang vd. [10], 3-aminpropyltriethoxysilane
(APTES) ile fonksiyonize edilmis karbon nanotiip partikiilleri ile yapistiricinin mukavemet ve rijitligini
artirmis ve kompozit baglantilarin mekanik 6zelliklerini incelemislerdir. Bu ¢alismayla, yapistirici icerisine
eklenen agirlikca %0,2 oraninda CDKNT katkisinin, yapistiricinin kayma mukavemetini %31 oraninda
artirdigi belirlenmistir. Marami vd. [11], tarafindan yapilan bir ¢alismada ise, farkli oranlarda (%0,25, %0,5
ve %1) grafen oksit katkisinin yapistiric1 6zelliklerine olan etkisi incelenmistir. Yapistirict igerisine katilan
%0,5 oraninda grafen oksit nanopartikiil katkisinin ¢ekme ve kayma dayanimini sirasiyla %30 ve %27
oraninda artirdig1 ifade edilmistir.

Tiiziin ve Tunalioglu [12], farkli ¢aplara sahip kalsiyum karbonatin (CaCO3) farkli yapistiricilar iizerine
etkisini incelemek amaciyla, kayma ve soyulma testleri yapmuslardir. Eklenen kalsitin ¢ap1 azaldikga,
yapistiricinin soyulma ve kayma gerilmesi degerlerinin arttig1 tespit edilmistir. Bahsedilen nano partikiillerin
yant sira, bor bilesikleri de son birkac yilda kullanilmaya baslanmistir. Ozellikle cam ve seramik sektériinde,
malzemenin kullanim dmriinii uzatarak dayanikliligim1 maksimum seviyeye ¢ikaran bor ve bor katkili {irlinler;
kauguk ve plastik sanayiden niikleer uygulamalara kadar bir¢ok alanda One ¢ikmaktadir. Literatiirdeki
caligmalarda, bor partikiillerin matris malzeme igerisine eklenmesiyle, kompozit malzemelerin mekanik,
termal ve fiziksel (optik, elektriksel, yanma vb.) 6zelliklerinde dnemli iyilesmelerin saglandigi goriilmiistiir.
Bhatia vd. [13] bor karbiir (B4C) ile gii¢clendirilmis polimer kompozitlerin fiziksel ve mekanik 6zelliklerini
incelemislerdir. Epoksi regine igerisine B4C katkisiyla elastisite modiiliiniin arttig1 gézlemlenmistir. Saravanan
vd, [14], B4C katkis1 ile cam-epoksi kompozitlerin performansini incelemek icin yaptiklar1 ¢alismada;
agirlikca %1 oraninda B4C katkisinin kompozit malzemelerde gerilme ve akma mukavemetini artirdig1 ve
maksimum uzamanin gergeklestigi ifade edilmistir. Arslan [15], bor karbiir-aluminyum kompozitlerin {iretimi
ve karakterizasyonu lizerine yaptig1 ¢aligmada, {iretilen kompozitlerin mekanik 6zelliklerini iyilestirdigi ve
B4C-Al kompozitlerin ¢oklu ¢arpmalara dayanikli zirh malzemesi olarak kullanim potansiyeline sahip
oldugunu belirtmistir. Bu bilgiler dogrultusunda; yapistirici igerisine katilan bor nanopartikiillerinin, yapistirici
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ve yapistirma baglantilarinin mekanik, yapisal ve 1sisal 6zelliklerinde iyilestirme saglayarak, malzemenin
dayanimi ve siirdiiriilebilirligi konusuna 1s1k tutmustur.

Yapilan bu calismada, iki farki 6zellikteki epoksi yapistirict icerisine farkli oranlarda hexagonal bor karbiir
nanopartikiilleri katilarak yeni bir epoksi yapistiric1 gelistirilmis ve gelistirilen bu yapistiricilar kullanilarak
tek tesirli yapistirma baglantilart iiretilmistir. Modifiye edilmis ve edilmemis yapistiricilarla iiretilmis
baglantilarin ¢ekme testi ile mekanik 6zellikleri deneysel olarak (hasar yiikii, hasar yiizeyi) incelenmistir.
Deneysel sonuglardan elde edilen bilgiler 1s1g1nda; hexagonal bor karbiir katkistyla yapistirilan baglantilarin
hasar yiikiiniin arttig1 gézlemlenmistir.

2. MATERYAL VE YONTEM
2.1. Materyal

Bu caligmada, havacilik alaninda kullamilmasi1 ve uluslararas1 standartlarda yapistiricilarin  baglanti
performansinin degerlendirilmesinde tavsiye edilmesi sebebiyle; yiiksek dayanimli AA2024-T3 aliiminyum
alagim1 yapistirilan malzeme olarak kullanilmistir. AA2024-T3 aliiminyum alasiminin mekanik 6zellikleri
Cizelge 1’de verilmistir.

Cizelge 1. Caligmada kullanilan AA2024-T3 alagiminin mekanik 6zellikleri [16]

500
400 1 Elastisite Modiilii 72,4 GPa
= 300 1 Kayma Modiilii 27,2 GPa
g 200 Poisson Orani 0,33
o Akma Dayanimi1 345 MPa
100 4 Cekme Dayanimi 485 MPa
0

0 004 008 012 0,16 02
€ (mm/mm)

Yapistirici olarak, Araldite-2011 (Hunstman, USA) ve MGS-L285 (Hexion, USA) ¢ift bilesenli s1iv1 epoksi
yapisal yapistiricilar kullanilmigtir. Stvi yapisal yapistiricilar; bosluk doldurma ve yiiksek baglanti dayanimi
gibi avantajlar1 nedeniyle tercih edilmistir. Calismada kullanilan yapisal yapistiricilarin kiirlesme sartlart ve
bilesim oranlar1 Cizelge 2’de verilmistir.

Cizelge 2. Yapistiricilarin kiirlesme sartlar1 ve bilesim oranlari

Yapistirici Bilesen Oram Zaman/Sicakhk
(Epoksi:A/Sertlestirici: B)

Araldite 2011 A:B=1.0.8 75 dakika/60°C

MGS-L.285 A:B=1.04 50 dakika/80°C

Epoksi regine igerisine eklenecek olan partikiil olarak ise %99.5 saflikta ve 40-60 nm boyutunda hexagonal
bor karbiir (h-B4C) Nanografi (Tiirkiye) firmasindan tedarik edilerek kullanilmistir. h-B4C nanopartikiiliiniin
SEM goriintlisti Sekil 1’de verilmistir.
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-y

X 50,000 15.0kV SEI SEM WD 10.0mm

Sekil 1. h-B4C’nin SEM goriintiist

s
— 100nm KITAM

Sunulan ¢aligmada; ¢ekme yiikiine maruz tek tesirli baglanti numunelerinin mekanik 6zellikleri deneysel
olarak incelenmistir. Deneysel parametreler ve baglanti geometrisi Cizelge 3 ve Sekil 2°de verilmistir.

Cizelge 3. Cekme yiikiine maruz tek tesirli baglanti numuneleri parametreleri

Numune Yapistirici Katki Oram
A0 Avraldite 2011 -
A0.5 Araldite 2011 % 0.5
Al Araldite 2011 %1
A2 Avraldite 2011 % 2
A3 Araldite 2011 % 3
MO MGS-L285 -
MO0.5 MGS-L285 % 0.5
M1 MGS-L285 %1
M2 MGS-L285 % 2
M3 MGS-L285 %3
Genislik=25 mm 0.2 mm
; | l AA2024-T3 \iz mm
A T Yapistimer <7 -
T e R
25 mm 75 mm 25 mm 75 mm 25 mm

Sekil 2. Tek tesirli baglanti numunesi geometrisi

2.2. h-B4C Katkih Yapistiricilarin ve Baglantit Numunelerinin Hazirlanmasi

Partikiil katkili yapistiricilarin hazirlanmasinda karsilagilan en biiyiik zorluk, partikiillerin epoksi regine
icerisinde aglomerasyonunudur. Bu ¢alismada; nanopartikiil katkili yapistiricilar hazirlanirken Gultekin vd.
[17]; tarafindan gelistirilen yontem kullanilmistir. Bor karbiir nanopartikiil+aseton karisimi ultrasonik
karistiricida 15 dakika karigtirilmistir. Daha sonra; karigim igerisine, katki oranina gore epoksi (A) eklenerek
ultrasonik karistiricidda 30 dakika karistinnlmigtir. Bor karbiir nanopartikiilleri+aseton+epoksi karigimu,
yapistiricinin camsi gegis sicakliginin altinda, karisim igerisinden asetonun tamamen ug¢masi igin steril bir
etivde bekletilmistir. Karisim igerisindeki aseton tamamen uctuktan sonraki asamada karisima
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epoksi/sertlestirici bilesim oranina gore, sertlestirici eklenerek elle karigim saglanmistir. Yapistiricilarin ve
baglantt numunelerinin hazirlanmasi agamalari Sekil 3’te gosterilmistir.

Bor Nanopartikiilleri + Aseton Bor Nanopartikiilleri + Aseton + Epoksi

P

in Buharl islemi

Ultrasonik Kangtirma

_—

Ultrasonik Kangtirma

Epoksi + Nanopartikiil Kans
Sertlestirici ilavesi

. N
— & - —
/

Baglantt Numunelerinin
Mekanik Testi

Kiirlegme islemi

Baglanti Numunelerinin Uretimi

Sekil 3. Yapistiricilarin ve baglanti numunelerinin hazirlanmasi asamalari

Yapistiriciyla birlestirilmis baglantilarda dayanim, yapistirilan malzemenin yiizeyinin kusursuz olmasina yani
ylizey hazirlama yontemine baglidir. Bu amagla; ilk olarak aliiminyum levhalar lazer kesme yontemiyle
istenilen boyutlara getirilerek kesme isleminden kaynaklanan capaklar giderilmistir. Daha sonra numune
yiizeyinde kesme ve iiretim esnasinda olusan yag, kir vb. maddeler aseton ile temizlenmistir. On temizleme
islemi yapilan aliiminyum alasimlari; 1200 SiC zimpara ile piiriizsiiz hale getirilmistir. Numuneler daha sonra
aseton icerisinde 10 dakika bekletilmis ve etiivde kurutulmustur. Mekanik olarak temizlenen aliiminyum
numuneleri; hazirlanan (310 g/L silfirik asit, 67.3 g/ sodyum dikromat) siilfirik asit/sodyum dikromat
daglama ¢ozeltisine (FPL) 65-70 °C’de 15 dakika daldirilarak kimyasal yiizey islemi ile daglanmustir.
Daglanan numuneler daha sonra saf su ile yikanarak kurutulmustur. Baglanti numunelerinin hazirlanmasi Sekil
4’te sematik olarak gosterilmistir.

Sekil 4. Baglant1 numunelerinin hazirlanmasi

Bor karbiir nanopartikiilii katkili yapistiricilar ve aliiminyum numuneler hazirlandiktan sonra baglanti
numuneleri iiretim agamasina gegilmistir. Bu asamada; yapistirilacak malzemelerin konumunu korumast,
yapistirict kalmhiginin ayarlanmasi igin icin Sekil 5’te gosterilen kalip kullanilmistir. Yapistirma sonrasinda
numunelerin kolayca kaliptan ayrilmasi i¢in; kalip iizerine yaglayici film tabaka olusturulmustur. Daha sonra
numunelerin yapisma bolgelerine yapistirict siiriilerek, kalip aparatlar1 yardimiyla numunelerin yapistirict
kalinligr ayarlanmistir. Yapistirilan numuneler Cizelge 4°te belirtilen siire/sicaklik degerinde etiivde
bekletilerek baglanti numunelerinin {iretimi tamamlanmigtir.
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Sekil 5. Numune tiretim kalib1 ve kiirlesme sonrasi baglantt numuneleri

Her bir baglant1 tipinden 3 adet tek tesirli baglanti numuneleri {iretilmistir. Yapistirma baglantilarin ¢gekme
testi Sekil 6’da gosterilen INSTRON marka Universal ¢ekme cihazinda 1 mm/dk’lik ¢ekme hizinda
yaptlmistir. Baglanti numunelerinin mekanik testleri yapilirken numunelerin hasar yiikii ve hasar tiirii
kaydedilmistir.

Sekil 6. Baglanti numunelerinin ¢ekme testi

3. ARASTIRMA VE BULGULAR

Araldite 2011 ve MGS-L285 yapisal yapistirict kullanilarak elde edilen katkisiz ve nanopartikiil katkili
alliminyum baglanti numunelerinden her bir parametre i¢in iicer numune test edilerek baglantilarin ortalama
hasar yiikii elde edilmistir. Elde edilen hasar yiikleri Cizelge 4’te gosterilmistir
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Cizelge 4. Baglantilarin ortalama ¢eki hasar yiikleri

Nanopartikiil A
Tip Nanopartikiil Katkll) Oram Ortalama Hasar Yiiki
R N 7 N .

A0 - - 11329
A0.5 h-B4C 0,5 12036
Al h-B4,C 1 12774
A2 h-B,C 2 13518
A3 h-B,C 3 12400
MO h-B.C - 9403
MO0.5 h-B4C 0,5 9750
M1 h-B4C 1 10227
M2 h-B4,C 2 10654
M3 h-B,C 3 8240

4. SONUC

Hekzagonal bor karbiir nanopartikiil katkili baglantilar ile katkisiz baglantilarin ortalama hasar yiikleri
karsilastirildiginda; yapistiricilar icerisine partikiil katilmasiyla baglantilarin hasar yiikiiniin 6nemli miktarda
arttig1 gorilmistiir.

Avraldite 2011 epoksi yapistiricisina %0.5 oraninda h-B4C katkisiyla baglantinin hasar yiikii yaklagik %6.3, %1
oraninda h-B4C katkistyla baglantinin hasar yiikii yaklasik %12, %2 oraninda h-B4C katkisiyla baglantinin
hasar yiikii yaklasik %19 ve %3 oraninda h-B4C ilave edilmesiyle de hasar yiikii yaklasik %9.5 oraninda
artmistir. Benzer sekilde MGS-L285 epoksi yapistiriciya %0.5, %1 ve %2 oranlarinda h-B.4C katkisiyla tek
tesirli aliiminyum baglantilarin hasar yiikleri sirastyla; %3.7, %8.8, %14 oraninda artarken; %3 oraninda h-
B4C Katkisiyla baglantinin hasar yiikii yaklasik %14 oraninda azalmistir. Her iki yapistirict i¢inde; h-B4C
katkisiyla bindirme baglantilarmin ortalama hasar yiiklerinde énemli artis oldugu ve bu artisin partikiil katki
oraninin %2 degerinde maksimum degere ulastig1 goriilmektedir. Baglantilarin hasar yiikiindeki artisin sebebi
h-B4C nanopartikiillerinin ¢atlak ilerlemesini geciktirmesi ve epoksi/aliiminyum ara yiizeyinde iyi bir tutunma
saglamasi olarak agiklanabilir.

Yapistirma baglantilarda hasar; bindirme boélgesinin serbest uglarindan baslayip merkeze dogru ilerleyerek
gerceklesmektedir. Sekil 7°de verilen hasar ylizeyleri incelendiginde; h-B4C katkili baglanti numunelerinde
yapisma ylizeyinde yapistirict miktarlari ayni olmadig, tist malzemenin ug¢ kisimlarinda, alt malzemenin ise
diger kisimlarinda yapistirict kaldigi goriilmektedir. Baglantida hasara neden olan catlagin yapistirma
bolgesinin serbest ucundan baslayip merkeze dogru ilerledigi sonucuna varilabilir. Ayrica tiim baglanti
numunelerinde; her iki AA2024-T3 alasiminin yiizeyinde esit yapistirict kalmliginin olmadigi yani 6zel
kohesiv hasar olustugu goriilmektedir.
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Sekil 7. h-B4C Katkili ve katkisiz baglantilarin hasar yiizeyi

Tesekkiir

Bu calisma Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) tarafindan 119M939
Numarali proje ile desteklenmistir.
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DETERMINATION OF METAL CONTENTS OF THE ROOT PART OF THE SPECIES OF ISKIN
(Rheum ribes L.) PURCHASED FROM THE MARKET BY USING ICP-MS

Ismail YENER
Dicle University, Faculty of Pharmacy, Department of Analytical Chemistry, Diyarbakir, Orcid number: 0000-0002-0988-9462

ABSTRACT

Rheum species are medicinally significant plants owing to the presence of anthracene derivatives occurring in
the underground parts of the plant. Rheum ribes L. (Polygonaceae) is the source of one of the most well-known
raw drugs in the Middle East (Ozturk et al., 2007; Kashiwada et al., 1988). Polygonaceae family is comprised
of 8 genera and 70 species. R. ribes is the only Rheum species growing in Turkey (Cullen, 1966). R. ribes is
regionally known as ‘1skin, usgun or, ucgun’ and grown mostly in Eastern Turkey. Turkey, Rheum ribes grow
in the east Anatolia Mountains particularly Agri, Bingol, Elazig, Hakkari, Kars and Van regions. Edible parts
of this plant are leaf stems that are eaten cooked or uncooked by the local people (Hedrick, 1972). The stems
of leaves and flowers have a sour taste, stomachic, anti-nauseant, anti-vomit, and constipation effect. Besides,
it has useful effects for haemorrhoids, measles, and smallpox diseases (Baytop, 1984). In addition to these
features of the species, it is important to determine the metal concentration it contains.

In this study, it was aimed to determine the metal contents of the roots of R. ribes purchased from the market
by using ICP-MS. The samples brought to the laboratory environment were prepared for analysis using the
microwave analysis technique. Samples were stored at +4°C until analyzed. When we looked at the results of
ICP-MS, the highest content in terms of macroelements were K (18588.691 mg/kg), Mg (2204.320 mg/kg),
and Ca (237.688 mg/ kg), in terms of microelements Fe (302.235 mg/kg), Cu (59.197 mg/kg) and Mn (9.205
mg/kg) were detected at higher concentrations. Besides, considering the results, it was seen that toxic metals
(particularly As, Cd, Hg and Pb) were below the limit values determined by WHO and cannot be detected. As
a result, the roots of this plant species are prepared by decoction method and consumed as a tea. Therefore, it
appears that the dosage is important in using the roots of the species.

Keywords: Iskin, Rheum ribes L., Metal Contents, ICP-MS
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OZET

Siilfamoyilbenzoik asit tiirevleri ve metal komplekslerinin antimikrobiyal, antifungal, antiinflamatuar,
antidiyabetik, diiiretik, meniskiis, agr1 kesici, enfeksiyon tedavisi, romatizma tedavisi ve enzim inhibitori gibi
biyolojik 0Ozellikleri literatiirde bulunmaktadir. Literatiirde 4-kloro-3-siilfamoyilbenzoik asit sadece
grubumuzun yaptigi Fe(Ill) kompleks bilesigi rastlanmistir. Diger siilfamoyilbenzoik asit tlirevi olan, 4-
stilfamoyilbenzoik asitin Fe(IIT), Cu(ll), Zn(I), Ag(l), U(IV), Lu, Y, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er,
Tm, Yb ve organokalay, 2-metoksi-5-siilfamoyilbenzoik asitin Fe(Ill) ve Cu(Il), 2,4-dikloro-5-
siilfamoyilbenzoik asit Fe(Ill) komplekslerin yapilart ¢esitli spektroskopik yontemlerle agiklanmistir. Bu
calismada, 4-kloro-3-siilfamoyilbenzoik asitin (H4Cl3sba) Ni(II), Fe(Il) ve Co(Il) metal kompleksleri
(Ni4Cl3sba, Cu4Cl3sba ve Cd4Cl3sba) sentezlenmistir. Gegis metal komplekslerinin yapilari, elementel
analiz, AAS, FT-IR, manyetik duyarlilik, molar iletkenlik, yiik denkligi ve daha 6nceki ¢alismalar ile
Onerilmigtir. Sentezlenen maddelerin deneysel olarak elde edilen elementel analiz ve AAS sonugclari,
spektroskopik ¢alismalar sonucunda 6nerilen yapilardan hesaplanan metal miktarlari ile uyum igerisindedir.
Tiim komplekslerde metal:ligand oram1 1:2 olarak gozlenmistir. Komplekslerin IR spektrumlarina
incelendiginde gozlenmesi gereken gerilme ve titresim bandlari spektrumlarda gozlenmigtir. Metal
komplekslerinin manyetik duyarlilik galigmalarinda metal iyonlarinin Ni4CI3sba kompleksinde d® {Ni(I1)},
Cr4Cl3sha kompleksinde d*, Cu4Cl3sba kompleksinde d® {Cu(I1)} ve Cd4Cl3sha kompleksinde d’ {Cd(I1)}
seklinde oldugu bulunmustur. Iletkenlik &lgiimleri sonucunda tiim komplekslerin iyonik olmadig
gbzlenmistir. Sentezlenen metal komplekslerinin yapilar1 Ni4ClI3sba kompleksi i¢in dogrusal, Cu4Cl3sba ve
Cd4Cl3sba kompleksleri i¢in oktahedral oldugu gozlenmistir.

Anahtar Kelimeler: 4-Kloro-3-siilfamoyilbenzoik Asit, Metal Kompleksi, Sentez ve Karakterizasyon.

ABSTRACT

Biological properties of sulfamoylbenzoic acid derivatives and metal complexes such as antimicrobial,
antifungal, anti-inflammatory, antidiabetic, diuretic, meniscus, pain reliever, infection therapy, rheumatism
therapy and enzyme inhibitor are found in the literature. In the literature, 4-chloro-3-sulfamoylbenzoic acid
was found only in the Fe (111) complex compound made by our group. Fe (I11), Cu (1), Zn (1), Ag (1), U (1V),
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Lu, Y, Ce, Pr, Nd, Sm, Eu, Gd, of 4-sulfamoylbenzoic acid Various structures of complexes of Fe (111) and Cu
(1), 2,4-dichloro-5-sulfamoylbenzoic acid Fe (I1I), Th, Dy, Ho, Er, Tm, Yb and organotin, 2-methoxy-5-
sulfamoylbenzoic acid Described by spectroscopic methods. In this study, 4-chloro-3-sulfamoylbenzoic acid
(H4Cl3sba) Ni (I1), Fe (II) and Co (II) metal complexes (Ni4Cl3sha, Cu4Cl3sba and Cd4Cl3sba) were
synthesized. The structures of transition metal complexes have been suggested by elemental analysis, AAS,
FT-IR, magnetic susceptibility, molar conductivity, charge balance and previous studies. The experimentally
obtained elemental analysis and AAS results of the synthesized substances are in agreement with the metal
amounts calculated from the structures proposed as a result of spectroscopic studies. Metal: ligand ratio of 1:
2 was observed in all complexes. The stress and vibration bands that should be observed when examining the
IR spectra of the complexes were observed in spectra. In magnetic susceptibility studies of metal complexes,
metal ions were found to be d® {Ni (I1)} in Ni4Cl3sha complex, d* in Cr4Cl3sba complex, d® {Fe (1)} in
Cu4cCl3sba complex and d” {Co (I1)} in Cd4Cl3sba complex. As a result of conductivity measurements, it was
observed that not all complexes were ionic. The structures of the synthesized metal complexes were linear for
the Ni4Cl3sba complex and octahedral for the Cu4CI3sha and Cd4Cl3sha complexes.

Keywords: 4-Chloro-3-sulfamoilbenzoic Acid, Metal Complex, Synthesis and Characterization.
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OZET

Siilfamoyilbenzoik asit tiirevleri ve metal komplekslerinin antimikrobiyal, antifungal, antiinflamatuar,
antidiyabetik, diiiretik, meniskiis, agr1 kesici, enfeksiyon tedavisi, romatizma tedavisi ve enzim inhibitori gibi
biyolojik 6zellikleri literatiirde bulunmaktadir. Literatiirde 4-kloro-3-siilfamoyilbenzoik asit sadece
grubumuzun yaptigr Fe(Ill) kompleks bilesigi rastlanmigtir. Diger siilfamoyilbenzoik asit tiirevi olan, 4-
stilfamoyilbenzoik asitin Fe(IIT), Cu(ll), Zn(I1), Ag(l), U(IV), Lu, Y, Ce, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er,
Tm, Yb ve organokalay, 2-metoksi-5-siilfamoyilbenzoik asitin Fe(Ill) ve Cu(ll), 2,4-dikloro-5-
siilfamoyilbenzoik asit Fe(Ill) komplekslerin yapilart ¢esitli spektroskopik yontemlerle agiklanmistir. Bu
caligmada, 4-kloro-3-siilfamoyilbenzoik asitin (H4Cl3sba) Mg(Il), Fe(Il) ve Co(II) metal kompleksleri
(Mg4Cl3sba, Fe4Cl3sba ve Co4Cl3sba) sentezlenmistir. Gecis metal komplekslerinin yapilari, elementel
analiz, AAS, FT-IR, manyetik duyarlilik, molar iletkenlik, yiik denkligi ve daha Onceki ¢alismalar ile
Onerilmigtir. Sentezlenen maddelerin deneysel olarak elde edilen elementel analiz ve AAS sonuglari,
spektroskopik ¢alismalar sonucunda 6nerilen yapilardan hesaplanan metal miktarlari ile uyum igerisindedir.
Tim komplekslerde metal:ligand oran1 1:2 olarak gozlenmistir. Komplekslerin IR spektrumlarina
incelendiginde gozlenmesi gereken gerilme ve titresim bandlar1 spektrumlarda goézlenmistir. Metal
komplekslerinin manyetik duyarlilik calismalarinda metal iyonlarinin Mg4Cl3sba kompleksinde d° {Mg(11)},
Cr4ClI3sba kompleksinde d*, Fe4Cl3sba kompleksinde d® {Fe(I1)} ve Co4Cl3sha kompleksinde d’ {Co(Il)}
seklinde oldugu bulunmustur. Iletkenlik &lgiimleri sonucunda tiim komplekslerin iyonik olmadig
gozlenmistir. Sentezlenen metal komplekslerinin yapilart Mg4Cl3sba kompleksi i¢in dogrusal, Fe4Cl3sba ve
Co4Cl13sba kompleksleri i¢in oktahedral oldugu gézlenmistir.

Anahtar Kelimeler: 4-Kloro-3-siilfamoyilbenzoik Asit, Metal Kompleksi, Sentez ve Karakterizasyon.

ABSTRACT

Biological properties of sulfamoylbenzoic acid derivatives and metal complexes such as antimicrobial,
antifungal, anti-inflammatory, antidiabetic, diuretic, meniscus, pain reliever, infection therapy, rheumatism
therapy and enzyme inhibitor are found in the literature. In the literature, 4-chloro-3-sulfamoylbenzoic acid
was found only in the Fe (111) complex compound made by our group. Fe (I11), Cu (1), Zn (1), Ag (1), U (1V),
Lu, Y, Ce, Pr, Nd, Sm, Eu, Gd, of 4-sulfamoylbenzoic acid Various structures of complexes of Fe (l11) and Cu
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(11), 2,4-dichloro-5-sulfamoylbenzoic acid Fe (I1I), Th, Dy, Ho, Er, Tm, Yb and organotin, 2-methoxy-5-
sulfamoylbenzoic acid Described by spectroscopic methods. In this study, 4-chloro-3-sulfamoylbenzoic acid
(H4Cl3sba) Mg (Il), Fe (I1) and Co (1I) metal complexes (Mg4Cl3sba, Fe4Cl3sba and Co4Cl3sha) were
synthesized. The structures of transition metal complexes have been suggested by elemental analysis, AAS,
FT-IR, magnetic susceptibility, molar conductivity, charge balance and previous studies. The experimentally
obtained elemental analysis and AAS results of the synthesized substances are in agreement with the metal
amounts calculated from the structures proposed as a result of spectroscopic studies. Metal: ligand ratio of 1:
2 was observed in all complexes. The stress and vibration bands that should be observed when examining the
IR spectra of the complexes were observed in spectra. In magnetic susceptibility studies of metal complexes,
metal ions were found to be d° {Mg (1)} in Mg4Cl3sba complex, d* in Cr4ClI3sba complex, d® {Fe (I1)} in
Fe4Cl3shba complex and d” {Co (I1)} in Co4Cl3sha complex. As a result of conductivity measurements, it was
observed that not all complexes were ionic. The structures of the synthesized metal complexes were linear for
the Mg4Cl3sba complex and octahedral for the Fe4Cl3sba and Co4Cl3sbha complexes.

Keywords: 4-Chloro-3-sulfamoilbenzoic Acid, Metal Complex, Synthesis and Characterization.
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ABSTRACT

Thioureas have a broad spectrum of applications in many stages of lifes. There are various derivatives
associated with aroyl thioureas obtained from aroyl isothiocyanate, especially benzoyl isothiocyanate, in the
literature and these derivatives have exhibited a number of biological properties such as anti-inflammatory,
anticancer, antimalarial, antituberculosis, antithyroid, and antibacterial.!. Moreover, thioureas and their
analogues are capable of forming stable complexes with variety of transition metals due to both oxygen and
sulphur atoms.?!

Based on the literature review, we decided to synthesized potentially biologically active nicotinoyl thiourea
compounds from various amines. For this purpose, nicotinic acid (1) was converted to nicotinoyl chloride
with thionyl chloride. Then, potassium thiocyanate was added to nicotinoyl chloride (2) and obtained
nicotinoyl isothiocyanate (3). Finally, 1-benzylpiperazine, 4-hydroxy benzylamine, and 2-aminothiazole were
added to nicotinoyl isothiocyanate (3) solution. Nicotinoyl thiourea derivatives (4-6) were synthesized
(Scheme 1).

(0] (0] (0]
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Scheme 1. Synthesized nicotinoyl thiourea compounds

Keywords: Nicotinic acid, aroyl thiourea.
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ABSTRACT

Ureas are involved in a wide range of biological activities. Nowadays, A number of urea drugs have appeared
in the markets. The urea drug Ritonavir (1), commercially known as Norvir, is an antiretroviral drug used in
the treatment of HIV infection and AIDS."Boceprevir (trade name Victrelis, 2) is a hepatitis C virus
(HCV)protease inhibitor.?ILenvatinib (trade name Lenvima, 3) is an anti-cancer drug for the treatment
of thyroid cancer.!
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Ureas have important biological activities, therefore; the novel symmetric urea derivatives 6 and 13-15 have
been synthesized in this study. The synthesis of symmetrical ureas 6 and 13-15, was achieved from 2-amino
indane 5, 10-12%! obtained from the commercially purchased 2-indane 4 and substitue methoxy-1-tetralones
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PHASE FORMATION AND MICROSTRUCTURE PROPERTIES OF MgB, SUPERCONDUCTOR
SYNTHESIZED BY IN-SITU SPARK PLASMA SINTERING
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OZET

Magnezyum diboriir (MgB>), bityiik 6l¢ekli siiperiletken uygulamalar i¢in genis ¢apta arastirilmistir. MgB2'nin
en 6nemli 6zellikleri, diger ikili bilesiklerle karsilastirildiginda nispeten yiiksek kritik sicakligina (39 K) sahip
olmasi, ucuz olmasi, elde edilebilir olmasi, toksik olmamasi ve tasinabilir uygulamalar igin 6zellikle degerli
olan hafif bir malzeme olmasidir. Bu ¢alismada, i¢sel Spark Plazma Sinterleme (SPS) ile iiretilen MgB; bulk
stiperiletkeninin faz olusumu ve mikro yap1 6zellikleri incelenmistir. MgB» bulk siiperiletkeni, 850 °C'de 80
°C/dk'lik bir 1s1tma hizinda ve 50 MPa'lik bir basingta igsel Spark Plazma Sinterleme ile islendi. Uretilen
numunelerin faz analizi, oda sicakliginda X-1s1m1 toz kirinimi (XRD) ile incelenmistir. XRD deseninde ana
fazin MgB; oldugu agikga goriilmektedir. Ote yandan, SPS ile iiretilen numunenin XRD deseni MgBs ve MgO
gibi safsizlik fazlarmin varhgim da gosterir. Orneklerin mikro yapisal analizi Taramal1 Elektron Mikroskobu
(SEM) ile incelenmistir. SEM gorintiilerinde malzeme igerisindeki gozenekler ve bosluklar dikkat
¢cekmektedir. Ayrica XRD deseninde ortaya ¢ikan ikincil fazlarin varligt SEM goériintiilerinden de
anlasiimaktadir.

Anahtar Kelimeler: MgB: Siiperiletkeni, Spark Plazma Sinterleme, Faz Olusumu

ABSTRACT

Magnesium diboride (MgB-) is widely researched for large-scale superconducting applications. The most
important characteristics of MgB; are its relatively high critical temperature (39 K) compared to other binary
compounds, being inexpensive, obtainable, non-toxic, and a lightweight material that is particularly valuable
for portable applications. In this study, phase formation and microstructure properties of MgB. bulk
superconductor fabricated by in-situ Spark Plasma Sintering (SPS) were investigated. The MgB: bulk
superconductor was processed by in-situ Spark Plasma Sintering at 850 °C at a heating rate of 80 °C/min and
a pressure of 50 MPa. The phase analysis of the produced samples was examined by X-ray powder diffraction
(XRD) at room temperature. It is clearly seen in the XRD pattern that the main phase is MgB.. On the other
hand, the XRD pattern of the sample produced by SPS also indicates the presence of impurity phases such as
MgB. and MgO. Micro structural analysis of the samples was investigated by Scanning Electron Microscopy
(SEM). The pores and voids in the sample draw attention in SEM images. In addition, the presence of
secondary phases emerging in the XRD pattern can be understood from the SEM images.

Keywords: MgB: superconductor, Spark Plasma Sintering, Phase Formation
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HALONAFTAKINONLARIN S-VE N-GRUPLU NUKLEOFILLER iLE REAKSIYONUNDAN YENI
NAFTAKINON BILESIKLERININ SENTEZI VE KARAKTERIZASYONU
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ABSTRACT

Halonaphthaquinone compounds are reactive compounds due to the chlorine atoms in their structure. Studies
in the literature show that naphthagquinone compounds are synthesized with S- and N- group compounds and
mono- and bis- derivatives [1,2]. Halonaphthaquinone compounds are usually colored compounds due to their
conjugated structure. p-benzoquinone is yellow, o-benzoquinone is red and naphthaquinone compound is
yellow in color [3]. Due to the vitamin K structure, halonaphthaquinone compounds exhibit antiviral,
mollescidal, antimalarial and antifungal properties in terms of biological activity [4]. Vitamin K is found in
plants and vitamin K, in rotten fish feed. Hydroxynaphthoquinones (juglones); In henna leaves,
polyhydroxynaphthoquinones (echinochrons) give their red color to the shells and needles of some marine
creatures [5]. The vitamin K, which is present in the blood, provides coagulation in cases of bleeding and
gives the blood its red color, has the structure of naphthaquinone. Naphtaquinone compounds are used in the
motor oil industry, paint industry.

In this study, 2-chloro-3 - ((4-chlorophenyl) thio) naphthalene-1,4-dione was initially synthesized from the
reaction of 2,3-dichloro-1,4-naphthaquinone with 4-chlorobenzene thiol in basic medium[6]. The reaction of
the obtained starting compound with nucleophiles with S- and N- groups was synthesized new unknown
compounds and their structures were characterized by spectroscopic methods.
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OZET

Halonaftakinon bilesikleri, yapisinda bulunan klor atomlarindan dolay1 reaktif bilesiklerdir. Literatiirdeki
calismalarda, naftakinon bilesiklerinin S- ve N- grublu bilesiklerle mono- ve bis- tiirevlerinin sentezlendigi
goriilmektedir [1,2]. Halonaftakinon bilesikleri konjuge yapilarindan dolay:1 genellikle renkli bilesiklerdir. p-
benzokinon sar1, 0-benzokinon kirmizi ve naftakinon bilesigi de sar renklidir[3]. K vitaminin yapisina sahip
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olmasindan dolay:1 halonaftakinon bilesikleri biyolojik aktivite olarak antiviral, mollescidal, antimalaryal,
antifungal 6zellikler gostermektedir [4]. Ki vitamini bitkilerde, K, vitamini ¢lirimiis balik yemlerinde
bulunmaktadir.  Hidroksinaftokinonlar  (juglonlar); kina yapraklarinda, polihidroksinaftokinonlar
(ekinokronlar), denizlerdeki bazi canlilarin kabuklarma ve ignelerine kirmizi rengini verirler [5]. Kanda
bulunan, kanama durumlarinda pihtilagsmay1 saglayan ve kana kirmizi rengini veren Ki vitamini naftakinon
yapisindadir. Naftakinon bilesikleri, motor yagi enddistrisinde, boya endiistrisinde kullanilir.

Bu c¢alismada, 2,3-dikloro-1,4-naftakinonun bazik ortamda 4-klorobenzen tiyol ile reaksiyonundan 2-chloro-
3-((4-chlorophenythio)naphthalene-1,4-dione baslangi¢ sentezlendi[6]. Elde edilen baslangi¢ bilesiginin S-
ve N- gruplu niikleofiller ile reaksiyonun yeni bilinmeyen bilesikler sentezlenerek spektroskopik yontemlerle
yapilar karakterize edildi.
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DERIN OGRENME iLE TEK ORNEK TABANLI YUZ TANIMA
ONE-SAMPLE-BASED FACE RECOGNITION USING DEEP LEARNING

Yildiray ANAGUN
Ogr. Gér. Dr., Eskisehir Osmangazi Universitesi Bilgisayar Miithendisligi Béliimii, ORCID No: 0000-0002-7743-0709

OZET

Endiistrideki ve akademideki veri bilimciler, goriintii siniflandirma, video analizi, konusma tanima ve dogal
dil 6grenimi dahil olmak iizere ¢esitli uygulamalarda mekanik olarak 6grenmek ve ¢igir agan gelismeler elde
etmek igin GPU'lar1 (Grafik Islemci Birimi) kullanmaktadirlar. Ozellikle, biiyiik miktarlarda etiketli egitim
verilerinden Ozellikleri tanimlayabilen sistemler olusturmak i¢in ileri teknoloji, ¢cok seviyeli sinir aglari
kullanan Derin Ogrenme, 6nemli bir yatirim ve arastirma alani haline gelmistir. Klasik makine dgrenme
teknikleriyle bir model olusturmak icin oznitelik vektdriiniin ¢ikarilmasi gerekir. Derin Ogrenme,
arastirmacilarin yillardir ugrastigi bu sorunu ortadan kaldirarak ham verilerle ¢alismay1 miimkiin kilmigtir. Bu
calismada tek bir numune baziyla izlenen 1000 insan goriintiisiinden 6znitelik ¢ikarimi gerceklestirilmistir.
Daha sonra siniflandirma yontemiyle karsilagtirilan goriintiilerin egitilmis verilere karsilik gelip gelmedigi
kontrol edilmis, 6rnek tabanli goriintiiden yiiz tanimanin uygulanabilirligi dogrulanmistir.

Anahtar Kelimeler: Derin 6grenme, Evrisimsel Sinir Aglari, Tek-Ornek Tabanl Yiiz Tanima.

ABSTRACT

Data scientists in industry and academia use GPUs (Graphics Processor Unit) to learn mechanically and
achieve breakthrough developments in a variety of applications, including image classification, video analysis,
speech recognition, and natural language learning. In particular, Deep Learning, which uses advanced
technology, multi-level neural networks to build systems capable of identifying features from large quantities
of tagged training data, has become an important investment and research area. In order to create a model with
classical machine learning techniques, the feature vector must be extracted. Deep Learning has made it possible
to work with raw data by eliminating this problem that researchers have been struggling with for many years.
In this study, the feature extraction from 1000 human images traced with a single sample base has been
performed. It has been checked whether the images subsequently compared with the classification method
correspond to the trained data, the feasibility of facial recognition from the sample-based image has been
verified.

Keywords: Deep Learning, Convolutional Neural Networks, Single Sample Based Face Recognition.
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KALP HASTALIGININ DESTEK VEKTOR MAKINELERI KULLANILARAK
TAHMINLENMESI

PREDICTION OF HEART DISEASE USING SUPPORT VECTOR MACHINE
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Dr. Ogr. Uyesi, Burdur Mehmet Akif Ersoy Universitesi, Mithendislik Mimarlik Fakiiltesi, Bilgisayar Miihendisligi Bolimii,
ORCID No: 0000-0002-8933-8395

OZET

Kalp saglig1 yasam icin son derece kritik bir 6neme sahiptir. Herhangi bir nedenle olusan saglik problemleri,
diyabet, obezite, sigara kullanimi, sagliksiz yagam ve sagliksiz beslenme, hipertansiyon gibi nedenlerle kalp
hastalig1 riski ortaya ¢ikarmaktadir. Diinyada goriilen kalp hastaliklarinin orami giderek artmaktadir. Kalp
hastaliklar1 gogiiste farkli sekillerde goriilen agrilar, kisa aktiviteler sonrast nefes darligi, bag donmesi ve
bayilma, kalp damarlarindaki sertlesmelere bagli dolasim bozukluklari sebebiyle kol ve bacaklara uzanan
uyusma, kalp ritminde bozukluk gibi farkli belirtilerle kendini gosterir. Istatistiklere gore kalp hastalarinin
neredeyse yarist kalp krizi gegirene kadar belirtilerin farkina varamamaktadir. Belirtilerin zamaninda fark
edilememesi, halihazirda pek ¢ok etkene bagli olan kalp hastaliklarinin teshisini daha da zor hale getirmektedir.
Elektrokardiyografi (EKG) kalp hastaliklarinin teshisinde kullanilan yardimer bir goriintiileme teknigidir.
Elektrokardiyogramlarin yorumlanmasi ile kalp hastaligina iliskin bulgular elde edilebilmektedir. Kalp
hastaliginin zamaninda ve dogru teshisi, kullanilan tekniklerle birlikte dikkatli bir inceleme ve tecriibe
gerektirmektedir. Farkina varilamayan belirtiler geri doniisii olmayan sonuglar ortaya g¢ikarabilmektedir.
Yasam igin biiyliik oneme sahip olan kalp sagliginin korunmasi konusunda uzmanlarin tani1 koymalarini
kolaylastiracak destek sistemlerinin iretilmesi Onem arz etmektedir. Son zamanlarda yapay zeka
teknolojisindeki geligsmeler farkli alanlarda oldugu gibi medikal alanda da faydali ¢éziimler sunmaktadir.
Mevcut verilerden 6grenerek gelecek durum tahminlerini yiiksek dogruluk ile gergeklestirebilen makine
ogrenmesi teknikleri uzmanlar i¢in basarili birer karar destek sistemi rolii listlenmektedir. Bu ¢aligmada 13
farkli tan1 parametresi ve bir adet teshis sonucundan olusan ve 303 vaka Ornegi igeren kalp hastaligi veri seti
iizerinde Destek Vektor Makinesi (SVM) kullanilarak bir siniflama islemi gerceklestirilmistir. Siniflama
performansi dogruluk, kesinlik ve duyarlilik metrikleri ile dl¢iimlenmistir. Siniflandirma islemi sonucunda
%87 dogruluk elde edilmistir. Yapilan ¢alisma farkli tan1 parametreleri ile kalp hastaligi konusunda basarilt
tahminler tiretilebilecek niteliktedir.

Anahtar kelimeler: Kalp Hastalig1, Makine Ogrenmesi, Destek Vektdr Makinesi

ABSTRACT

Heart health is extremely important to life. Health problems that occur for any reason, diabetes, obesity,
smoking, unhealthy life and unhealthy nutrition, hypertension cause a risk of heart disease. The rate of heart
disease is increasing in the world. Heart disease manifests itself with different symptoms such as pain in the
chest in different ways, shortness of breath after short activities, dizziness and fainting, numbness in the arms
and legs due to circulatory disorders due to hardening of the heart vessels, and heart rhythm disturbance.
According to statistics, almost half of cardiac patients are unaware of the symptoms until they have a heart
attack. Failure to detect symptoms in a timely manner makes the diagnosis of heart diseases, which are
currently due to many factors, even more difficult. Electrocardiography (ECG) is an auxiliary imaging
technique used in the diagnosis of heart diseases. Findings related to heart disease can be obtained with the
interpretation of electrocardiograms. Timely and accurate diagnosis of heart disease requires careful
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examination and experience with the techniques used. Undetected symptoms can lead to irreversible results. It
is important to produce support systems that will facilitate the diagnosis of experts in the protection of heart
health, which is of great importance for life. Recent advances in artificial intelligence technology offer useful
solutions in the medical field as well as in different fields. Machine learning techniques, which can make
predictions of future situations with high accuracy by learning from existing data, play a successful decision
support system role for experts. In this study, a classification process was carried out using Support Vector
Machine (SVM) on the heart disease data set consisting of 13 different diagnostic parameters and one
diagnostic result and containing 303 case samples. Classification performance was measured with accuracy,
precision and recall metrics. As a result of the classification process, 87% accuracy was obtained. This study
is capable of producing successful predictions about heart disease with different diagnostic parameters.

Keywords: Heart Disease, Machine Learning, Support Vector Machine

1. GIRIS

Kalp saghigi yasam igin son derece kritik 6neme sahiptir. Kasli bir yapiya sahip olan kalp, kasilip gevseyerek
viicuda kan pompalar. Kalp, viicutta kan tedarik sistemini yonetme, kan basincini saglama, tek yonli kan
akisini giivence altina alma ve oksijence zengin kanin dokulara, dokulardaki kirli kanin akcigerlere akisini
saglama gorevlerini yerine getirir. Dakikada ortalama 70 defa kasilip gevseyen kalp, viicuda bir dakikada
yaklagik 5 litre, saatte 300 litre giinde ise 7200 litre kan pompalar.

Kalbin saglikli bir sekilde ¢alismasini siirdiirebilmesi, ii¢ temel yapinin birbiri ile uyum i¢inde ¢aligmasi ile
miimkiindiir. Bunlar kardiyovaskiiler sistem, koroner arterler ve sinir agidir. Kardiyovaskiiler sistem, kanin
tek yonde akisini saglayan valflerle donatilmig kasli bir pompalama sistemi ve viicudun en ince noktalarina
kadar ulasan damar agindan olusur. Kalp icerisindeki odalar siirekli kanla dolu olmasina ragmen bu kan kalp
kaslarin1 besleyemez. Koroner arterler kalp yiizeyi boyunca yayilarak kalp kaslarina oksijence zengin kanin
taginmasini saglar. Kalbin kasilma ve gevsemesi ise elektriksel sinyalleri yoneten sinir ag1 ile saglanir.

Herhangi bir nedenle saglikta meydana gelecek problemler, kardiyovaskiiler sistemin ¢aligmasini etkileyerek,
yasami tehlikeye sokacak kalp rahatsizliklariin meydana gelmesine yol acar. Bu nedenle kalp sagligini riske
sokan durumlar bilerek, erken tani1 ve tedavinin uygulanmasi hayati 6neme sahiptir. Kalp hastaliklar1 dogustan
gelen problemlere bagli olabilecegi gibi; sagliksiz yasam, sigara kullamimi, diyabet, obezite, kalp
enfeksiyonlari, hipertansiyon gibi farkli sebeplerle kalp damar hastaliklari, kalp ritmi bozukluklari, kalp
yetmezligi, kalp krizi gibi rahatsizliklar meydana gelebilir. Cagimizin en biiyiik sorunlarindan biri olan stres
de tiim diger hastaliklarda oldugu gibi kalp hastaliklarinda da tetikleyici bir role sahiptir. Diinya genelinde kalp
hastaliklarinin oran1 giderek artmakta olup, bulagict olmayan hastaliklara bagh 6liimlerin %46°s1 kalp damar
hastaliklarindan kaynaklanmaktadir [1]. Tiirkiye Istatistik Kurumu verilerine gére ise son on yildaki &liim
oranlarinin %40 ile biiyiik cogunlugunu kalp damar hastaliklar1 olusturmaktadir [2].

Kalp hastaliklar gogiiste agn ve sikisma, kisa aktiviteler sonrasi nefes darligi, bas donmesi ve bayilmalar,
kalbin ¢ok sert ya da yavas atmasi, kalp damarlarinin sertlesmesine bagli olarak bacak ve kollarda uyusma gibi
belirtiler verebilir. Kalp hastaliklarinin teshisi igin fiziksel muayene, hastaligin durumuna bagli yapilacak
tetkikler yaninda elektrokardiyografi (EKG) 6l¢timleri kullanilir. EKG viicuda yapistirilan elektrotlar ile kalbin
elektriksel aktivitesini kaydeder. EKG kayitlar elektrokardiyogram olarak adlandirilir. Elektrokardiyogramda
kalp atimlar1 P,Q,R,S,T,U dalgalarindan olusan sinyaller seklinde yorumlanir (Sekil 1).

PR

Sekil 1. Tipik EKG dalgas1
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EKG dalgalarindaki degisimler, dalga diizeninin farklilasmasi, dalgalar arasindaki siirelerde farkliliklar,
uzmanlara kalp hastaligi konusunda fikirler verir [3].

Kalp hastaligina sebep olabilecek pek cok etken olmasindan dolay1 teshisi karmagik bir hastaliktir. Pek ¢ok
kalp hastasinda gogiis agrisi ve yorgunluk gibi belirtiler goriiliirken, %50 gibi biiyiik bir boliimii kalp krizi
gecirene kadar belirtilerin farkinda degildir [4]. Bu nedenle hastaligin belirlenmesi uzmanlar i¢in de zor hale
gelebilmektedir. Cok sayida degisken verinin yorumlanarak hastalik teshisin zamaninda ve dogru bir sekilde
yapilabilmesi hayati 6neme sahiptir. Bu konuda uzmanlarin erken ve dogru kararlar vermelerine yardimci
olacak destek sistemlerine ihtiya¢ duyulmaktadir.

Son yillarda yapay zeka teknolojisindeki gelismeler saglik alaninda karmasik durumlarin ¢oziimiinde alternatif
yollar sunmaktadir. Eldeki mevcut verilerden 6grenerek yeni durumlar hakkinda istikrarli tahminler iiretmeyi
saglayan bir yapay zekd disiplini olan makine Ogrenmesi, son zamanlarda popiilerligi hizla artan bir
teknolojidir. Makine 6grenmesinde herhangi bir sonuca etki eden giris parametreleri net olarak ortaya
konuldugunda, bu parametrelere ait daha dnceki mevcut degerlerden olusan veri seti icerisindeki karmasik
iligkiler ortaya konarak, sonucu bilinmeyen durumlar i¢in tahminler {iretecek bir model tiretilir.

Literatiirde, kalp hastaliklarinin teshisine yonelik olarak cesitli makine 6grenmesi algoritmalar1 kullanilarak
gergeklestirilen calismalar mevcuttur. Detrano vd. lojistik regresyon kullanarak gergeklestirdikleri kalp
hastalig1 teshis ¢aligmasinda %77 dogruluk elde etmislerdir [5]. Polat vd. yapay bagisiklik sistemi algoritmasi
kullanarak %84 dogruluk elde ederken [6], Ozsen ve Giines ayni algoritma ile %87 dogruluga ulasmuslardir
[7]. Bunun yaninda yapay sinir aglari, karar agaglari, naive bayes gibi farkli algoritmalar kullanilarak
gerceklestirilen farkli ¢alismalar da mevcuttur [4] [8] [9].

Bu ¢alismada destek vektor makinesi (Support Vector Machine — SVM) algoritmasi kullanilarak 13 6zellikten
ve 303 ornekten olusan kalp hastaligi veri seti lizerinde tahminleme ¢alismasi gergeklestirilmistir.

2. MATERYAL VE METOT
2. 1. Veri Seti

Veri seti Macar ve Isveg bilim adamlar tarafindan derlenen, her biri 13 farkli tan1 parametresi ve 1 adet teshis
sonucundan olusan 303 adet vaka 6rnegi igermektedir. Veri seti kamu paylasimina agik bir sekilde UCI veri
deposundan elde edilebilmektedir [10]. Veri seti igerisinde yer alan ve kalp hastaligimi belirlemek igin
kullanilan 6zellikler sunlardir:

1. Hastanin yast

Hastanin cinsiyeti

Yasanan gogiis agrisi tipi (dort farkli sayisal deger)

Istirahat halindeki tansiyon degeri

Kolesterol degeri (ml/dl cinsinden)

Aglik kan sekeri (>120 ml/dl durumuna gére iki farkli sayisal deger)

Dinlenme anindaki elektrokardiyografik dl¢lim (ii¢ farkli sayisal durum ifadesi)

Hastanin ulastigt maksimum kalp atis hiz1

© © N o a0 kM w DN

Egzersiz kaynakli gégiis agris1 (var/yok)

[N
o

. Egzersize bagli dinlenmenin neden oldugu ST depresyonu (EKG’deki ST aralig1 igin)

(BN
(BN

. Egzersizin tepe noktasinda ST segmentinin egimi (li¢ farkli sayisal deger)

[EY
N

. Florosopi (X 1sinlar1 kullanilan bir gortintiileme teknigi) ile renklendirilen ana damarlarin sayisi (0-3
arasi sayisal deger)

13. Akdeniz anemisi (talasemi) durumu (li¢ farkli sayisal deger)

Veri setinde bu 13 farkli 6zellige bagli olarak bir adet teshis 6zeligi bulunmaktadir. Teshis degeri kalp hastaligi
yoksa 0, varsa 1 ile ifade edilmektedir. Veri setinde 138 adet kalp hastalig1 olmayan, 165 kalp hastalig1 olan
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vaka yer almaktadir. Iki ayr1 durum icin esit sayida vaka olmamasindan dolay: veri seti dengesizdir. Veri
setindeki hastalik dagilim grafigi Sekil 2’de yer almaktadir.

Kalp hastaligi dagilhimi

160

140 A

120

100 1

2

20 1

Hastalik yok hastalik var

Sekil 2. Veri setindeki hastalik dagilimlar

2. 2. Kullanilan Makine Ogrenmesi Teknikleri

Kural tabanli bilgisayar programlari, kodlanan talimatlar dogrultusunda belirtilen isleri yerine getirirler ve
kendilerine verilen program akisi digina ¢ikamazlar. Oysa her problemin 6nceden belli kurallar ¢er¢evesinde
¢dziimlenmesi miimkiin degildir. Ozellikle biiyiik miktarda veri iizerinde gerceklestirilen analizlerde verilerin
elle islenmesi ya da dnceden tanimli sabit kurallarin ¢ikarilmasi zordur. Eldeki verilerden hareketle veriler
arasindaki bagintilan tespit ederek gelecek durumlar hakkinda tahminler {iretmeyi saglayan yani makinelere
mevcut durumdan nasil 6grenecegini 6greten algoritmalar bu soruna ¢oziim getirmektedir.

Makine 6grenmesi gegmis verileri kullanarak, veriden yapilan ¢ikarimlarla, siniflama, kiimeleme, baglanim
(regresyon) gibi teknikler kullanarak, daha dnce karsilasiimayan yeni durumlar hakkinda tahminler tiretmeyi
saglayan teknikler biitliniidiir. Destek vektor makinesi (Support vector Machine) siniflama iglemlerinde
kullanilan bir makine 6grenmesi teknigidir.

2.2.1. Destek Vektor Makinesi (SVM)

Destek vektor makinesi, 1990’11 yillarda gelistirilen, siniflandirma uygulamalarinda kullanilan, istatistiksel
ogrenme teorisine dayali denetimli makine 6grenmesi modelidir [11]. Farkli simiflara ait verileri en ideal
sekilde ayirmak i¢in SVM, siniflarin iiyelerinden en uzak olacak sekilde bir sinirin gizilmesini saglar (Sekil
3).

Sekil 3. Destek vektor makinesi
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Diizlemde her bir nokta wx-b seklinde ifade edilir. Burada x girdiyi, w diizleme dik normal vektoriini, b ise
kayma miktarin1 gosterir. SVM, siiflandirma problemlerini kareli optimizasyon problemine doniistiirerek
cozer.

3. DENEYSEL CALISMA VE BULGULAR

Calismada kalp hastalig1 bulgular1 ve kalp hastalig1 teshis sonucunu igeren 13 6zellik ve bir etiket verisinden
olusan, 303 kayit iceren veri seti SVM modeli ile siniflanmistir. Her bir kayit i¢in sinif etiket degeri 0 ise kalp
hastaliginin olmadigy, 1 ise kalp hastalig: teshisi konuldugu anlamini tasimaktadir. Veri seti icerisinde kalp
hastalig1 olmayan 138, kalp hastaligi olan 165 vaka yer almaktadir. Her bir siniftan esit sayida 6rnek olmadigi
icin veri seti dengesizdir.

Eldeki veri seti modelin egitimi 6ncesinde %80 egitim, %20 test seti olacak sekilde iki pargaya ayrilmistir.
Egitim setinde 242, test setinde 61 drnek yer almaktadir. Egitim ve test seti drneklemesi rastgele yapilmustir.

Kullanilan SVM modelinden en iyi sonucun elde edilebilmesi i¢in 5 kat capraz dogrulama ile birlikte 1zgara
arama (grid search) islemi uygulanmistir. Bu sekilde model i¢in en ideal parametreler yapilan denemeler ile
elde edilerek, bu parametreler ile en yiiksek siniflama dogrulugunun elde edilmesi saglanmaistir.

Modelin egitimi tamamlandiktan sonra test seti ile siniflama performansi dl¢lilmiistiir. Siniflamada modelin
genel basaris1 hakkinda fikir elde etmek icin dogruluk (accuracy) metrigi kullanilir. Dogruluk, siniflamasi
dogru olarak gerceklestirilen 6rnek sayisinin veri setindeki toplam 6rnek sayisina oranidir (Esitlik 1).

dogru siniflanan 6rnek sayist
toplam 6rnek sayist

dogruluk = 1)

Bu ¢alismada gergeklestirilen siniflama iglemi sonucu elde edilen dogruluk degeri %87¢dir.

Dengesiz veri setlerinde dogruluk metrigi tek basina model performansini karakterize etmek icin yeterli
degildir. Bu noktada karmagiklik matrisleri (confusion matrix) ilizerinden elde edilen degerlerden yararlanilir.
Bir karmagiklik matrisinden elde edilebilecek doért muhtemel siniflama sonucu vardir. Gergek etiketi pozitif
olan 6rnek pozitif olarak dogru siniflandiginda dogru pozitif (true positive - TP), gercek etiketi pozitif olan
ornek negatif olarak yanlis siniflandiginda yanlig negatif (false negative - FN), gercek etiketi negatif olan 6rnek
negatif olarak dogru siniflandiginda dogru negatif (true negative — TN) ve gercek etiketi negatif olan 6rnek
pozitif olarak yanlis siniflandiginda yanlis pozitif (false positive — FP) olarak adlandirilir. Modelin egitimi
sonucu elde edilen karmasiklik matrisi Sekil 4’te verilmigtir.

-25

-15

Gergek sinif

-10

o 1
Tahmin edilen sinif -5

Sekil 4. Model karmasiklik matrisi
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Karmagiklik matrisinden elde edilen bu degerlerle siniflandirma performansini ifade etmek igin farkli metrikler
tiiretilir. Bunlardan biri olan kesinlik (precision) modelin yanlis pozitifleri eleme kabiliyetini gdsterir. Kesinlik
Esitlik 2’de verilen formiil kullanilarak hesplanir.

TP
kesinlik TP T FP (2

Diger bir metrik olan duyarlilik (recall) smiflandiricinin dogru pozitifleri tespit etme kabiliyetini gosterir.
Duyarlilik degeri hesabinda Esitlik 3°te verilen formiil ile hesaplanir.

duyarlilk = —— 3)
WAt = TP+ FN

Kesinlik ve duyarlilik arasindaki dengeyi ifade etmek i¢in F1 skoru hesaplanir. Bu deger kesinlik ve duyarlilik
degerlerinin harmonik ortalamasidir ve Esitlik 4’te verilen formiil ile hesaplanir.

F1 sk 2« kesinlik * duyarllik 4
skortt = kesinlik + duyarlilik “)

Kalp hastalig1 olan (1) ve olmayan (0) 6rnekler i¢in siniflama sonucu ayri ayri hesaplanan metrik degerleri
Tablo 1°de yer almaktadir.

Tablo 1. Performans metrikleri

Kesinlik Duyarlilik F1 skoru
Kalp hastas1 olmayan (0) %86 %86 %86
Kalp hastas1 olan (1) %88 %88 %88

4. SONUC

Kalp hastalig1 teshisi karmasik bir hastalik olup, hastalarin neredeyse yarisi kriz gegirene kadar herhangi belirti
gostermemektedir. Bu durum teshisi zorlastirdig1 gibi 6liim oranlarmin da artmasina sebep olmaktadir. Uzman
personelin herhangi bir bulguyu gézden kagirmasi, zamaninda da ve dogru yapilamayan teshis telafi edilemez
sonuclar ortaya cikarabilir. Farkli alanlarda oldugu gibi medikal alanda da makine 6grenmesi teknikleri
uzmanlar i¢in bir karar destek sistemi rolii iistlenmektedir. Bu ¢alismada destek vektor makineleri ile
gergeklestirilen kalp krizi siniflamasinda %87 dogruluk elde edilmistir. Bu yolla belirli parametreler tizerinden
model yeni vakalar konusunda basarili tahminler iiretebilmektedir.

Gelecek calismalarda parametre sayilari arttirilarak ve farkli modeller ile karsilastirmali g¢aligmalar
gerceklestirilecektir.
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OZET

Mikroorganizmalarin viicuda girip cogalmasi sonucu enfeksiyonlar meydana gelir. Viicut savunma sisteminin
enfeksiyonu yenememesi durumunda oliime kadar uzanan sonuglar ortaya ¢ikmaktadir. Enfeksiyona neden
olan mikroorganizmalar temas, viicut sivilart ve hava yolu gibi farkli sekillerde tasinabilmektedir. Grip,
tiiberkiiloz gibi uzun siiredir bilinen pek ¢ok hastali§in yaninda, 2019 yilinda yiizlestigimiz Covid-19 hastalig1
da hava yolu ile bulasmaktadir. Oksiiriik, hapsirik, konusma esnasinda yayilan zerrecikler yakin mesafedeki
insanlara ve barinabilecekleri ortamlara bulagmaktadir. Soluma ile bulasan bu gibi hastaliklardan korunmanin
en énemli ¢dziimlerinden biri maske kullanimudir. Ozellikle salgin ve pandemi dénemlerinde maske kullanim
yerel ve ulusal yonetimler tarafindan zorunlu hale de getirilebilmektedir. Maske kullanimi yalniz salgin
donemlerinde degil bagisiklik sistemi zayif bireyler ve enfeksiyon riski yliksek ortamlarda ¢alisanlar igin bir
giinliik hayat rutinidir. Maske kullaniminin zorunlu oldugu zaman ve mekanlardaki denetimler insan denetgiler
tarafindan yapilmaktadir. Bu durum hem denetimi giiclestirmekte hem de insan temaslarini arttirmaktadir. Bu
nedenle maske kullanim denetiminin bilgisayar destekli sistemler ile otomatik olarak gergeklestirilmesi daha
saglikli ve performansh bir ¢6ziim niteligi tasimaktadir. Yapay zeka teknolojisinin bir alt dali olan makine
Ogrenmesi mevcut veriler lizerinden elde ettigi kurallar ile yeni durumlar i¢in tahminler iiretebilmektedir. Bir
makine dgrenmesi tiirii olan derin 6grenme ise derin sinir aglar1 yardimiyla veriler arasindaki karmagik
iligkileri ortaya koyabilmektedir. Evrisimsel sinir aglari, 6zellikle bilgisayarli gorii alaninda yaygin kullanilan
derin 6grenme teknolojisidir. Bu calismada bir evrisimsel sinir ag1 modeli olan MobileNetV2 kullanarak,
maske kullaniminin tespitine yonelik bir uygulama gergeklestirilmistir. 853 adet goriintiiden olusan ve maske
takan, takmayan ve yanlis takan bireylerin yiliz goriintiilerinden olusan ii¢ smifli veri seti lizerinde
gergeklestirilen analiz isleminde %96,67 siniflama dogrulugu elde edilmistir.

Anahtar kelimeler: Maske kullanimi, derin 6grenme, evrigimsel sinir aglar

ABSTRACT

Infections occur as a result of the proliferation of microorganisms entering the body. If the body's defense
system cannot overcome the infection, consequences up to death can occur. Microorganisms that cause
infection can be transported by different means, such as touch, body fluids and air. In addition to many long-
known diseases such as flu and tuberculosis, the Covid-19 disease we encountered in 2019 is also transmitted
by air. Particles emitted during coughs, sneezes, and speech infect people in close range and the environments
where they can be sheltered. One of the most important solutions to prevent such respiratory diseases is the
use of face masks. The use of face masks can be made compulsory by local and national governments,
especially during epidemic and pandemic periods. The use of face masks is a daily routine not only during
epidemics, but also for people with weak immune systems and those working in environments with high risk
of infection. Inspections are carried out by human auditors where and when the use of face masks is mandatory.
This situation makes it difficult to control and increases human contact. For this reason, controlling the use of
face masks automatically with computer-aided systems is a healthier and more efficient solution. Machine
learning, a sub-branch of artificial intelligence technology, can generate predictions for new situations with
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the rules it obtains from existing dataset. Deep learning, a type of machine learning, can reveal complex
relationships between data with the help of deep neural networks. Convolutional neural networks are deep
learning technologies that are widely used especially in the field of computer vision. In this study, an
application was carried out to detect the use of face masks by using a convolutional neural network model,
MobileNetV2. Classification accuracy of 96.67% was achieved in the analysis of the data set consisting of 853
images of three classes as wearing masks, wearing incorrectly and not wearing a mask.

Keywords: Face mask usage, deep learning, convolutional neural networks

1. GIRIS

Insan viicuduna mikroorganizmalarin girip ¢ogalmasi ve insan viicudunun bu mikroorganizmalara karsi
savunmada yetersiz kalmasi sonucu hastaliklar meydana gelir. Viicut savunma mekanizmasinin enfeksiyonu
yenememesi hakinde ise oliime kadar varan sonuglar ortaya cikabilir. Giinlik yasam igerisinde cesitli
sekillerde enfeksiyona neden olan mikroorganizmalarla karsilasiriz. Enfeksiyonlar hava, temas, viicut sivilari
gibi farkli yollarla bulasir. Ozellikle hava yolu ile bulasan enfeksiyonlar, mikroorganizmalarin gozle
goriilememesi ve insanlarin ¢ogu ortamda ayn1 havay1 paylasmak zorunda olmalari nedeni ile biiyiik bir risk
olusturmaktadir. Tiiberkiiloz, grip, bogmaca, difteri gibi pek ¢ok hastalik hava yolu ile bulasir. Hastalik yapici
mikroorganizmalari barindiran zerreler havada uzun siire asili kalabilir ve solunum yoluyla viicuda girerek
hastalik meydana getirebilir.

2019 Aralik ayinda Cin’in Wuhan eyaletinden baslayan ve tiim diinyaya hizla yayilan Covid-19 viriisii de hava
yolu ile bulasmaktadir. Diinya genelinde hizla yayillmaya devam eden bu hastalik Diinya Saglhk Orgiitii
(WHO) tarafindan pandemi ilan edilmistir. 2020 Ekim ay1 ortasinda diinya genelinde 39 milyondan fazla vaka
ve 1 milyondan fazla 6liime neden olmustur [1]. Covid-19 oksiiriik, hapsirik, konusma esnasindan insan
viicudundan yayilan zerrelerin hava yolu ile tasinmasi sonucu hizli bir sekilde bulagabilmektedir. Covid-19 ve
diger solunum yolu ile yayilan viriislerinin yayilimimi sinirlamanin en biiyilik ¢dziimlerinden biri ise yiiz
maskelerinin kullanimidir [2]. Covid-19 pandemi déneminde maske kullanimi hastaliktan korunmak igin bir
gereklilik haline gelmis ve donemsel olarak yerel yonetimler tarafindan ortak alanlarda maske kullanim
zorunlulugu getirilmistir.

Maske kullanimi yalniz pandemi donemlerinde degil, enfeksiyonlara karsi duyarl olan, bagisiklik sistemi zayif
bireylerin sagliklarini korumalari i¢in bir gerekliliktir. Bunun yaninda mikroorganizmalarin yaygin bulundugu
ortam ve is kosullarinda da maske kullanimi bir zorunluluk haline gelmektedir.

Maske kullaniminin zorunlu oldugu alanlarda denetim ve uyarilar kolluk kuvvetleri tarafindan yapilmaktadir.
Ancak bu oldukea zor ve dikkat gerektiren bir istir ayrica enfeksiyon tasiyan insanlarla yiiz yiize gelme ihtimali
s0z konusu oldugu i¢in riskli bir durumdur. Maske denetiminin bilgisayar destekli goriintiileme sistemleriyle
gercgeklestirilmesi hem olasi insan hatalarini ortadan kaldirma, hem hizli ve yiiksek basarimli bir denetim, hem
de denetleyen-denetlenen temas riskinin azalmasi ile alternatif bir ¢6ziim olanagi sunmaktadir.

Teknolojideki hizli ilerlemelerle birlikte yapay zeka alaninda da biiyiik gelismeler meydana gelmistir. Yapay
zekann bir alt dali olan makine 6grenmesi, eldeki mevcut veriler lizerinden olusturulan modeller ile gelecege
doniik basarili tahminler {iretebilmektedir. Makine 6grenmesinin bir alt dali olan derin 6grenme ise derin sinir
aglar1 ile wveriler iizerindeki karmagik iligkileri ortaya koyarak yiiksek basarimli sonuglar ortaya
koyabilmektedir. Bir derin 6grenme disiplini olan evrisimsel sinir aglar1 (Convolutional Neural Networks) ise
ozellikle bilgisayarli goriintii analizi konusunda, sergiledikleri yiiksek performanstan dolayi, yaygin olarak
kullanilmaktadir. Derin 6grenme teknolojilerinde eldeki verinin durumuna gore yiiksek basar1 elde edecek
sekilde farkli sinir ag1 mimarileri olusturulur ve egitilir. Biiyllk miktarda veriler {izerinde egitilerek
genellenebilir basarilar iireten bazi popiiler ag§ mimarileri bulunmaktadir. Bu mimarilerin daha once
egitildikleri veri seti lizerinden hesaplanan agirliklarini benzer baska bir problemin ¢6ziimiine aktararak
kullanmaya transfer 6grenme denir. Transfer 6grenme ile daha kisa siirede ve daha yiiksek dogrulukla
siniflama yapmak miimkiindiir. Transfer edilen model {lizerine bir simiflama katmani eklenerek basarili
sonuglar elde edilebilmektedir.

Bu calismada 6zellikle Covid-19 pandemi doneminde tiim diinyada 6nemi farkedilen yiiz maskelerinin
kullaniminin gériintiiler {izerinden otomatik olarak tespitine yonelik bir ¢alisma gerceklestirilmistir. Maske
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takan, yanlis takan ve takmayan kisilere ait yiiz goriintiilerinden olusan veri seti iizerinde, transfer 6grenme
yoluyla, MobilNetV2 mimarisi kullanilarak gelistirilen model ile bir siniflama islemi gerceklestirilmistir.

2. MATERYAL VE YONTEM
2.1. Veri Seti

Calismada kullanilan veri seti hijyen amacli kullanilan farkl: tiirde maskeleri kullanan ve kullanmayan insan
ylzii goriintiilerinden olusmaktadir. Veri seti Kaggle platformunda kamunun erisimine acik olarak
paylasimdadir [3]. Veri seti igerisinde yer alan 853 adet renkli goriintiiye ait 6rnekler Sekil 1’de yer almaktadir.

Sekil 1. Veri seti 6rnek goriintiileri

Veri seti goriintiiler ve bu goriintiilere ait sinif bilgisinden olugsmaktadir. Verilerin etiketlendigi li¢ temel sinif

bulunmaktadir. Bunlar “maskeli”, “maskesiz” ve “yanlis takilmis maske” etiketleridir. Caligmada kullanilan
model bu ii¢ etiket temel alinarak egitilmis ve test edilmistir.

2.2. Derin Ogrenme, CNN ve Transfer Ogrenme

Derin 6grenme, ham girdi verilerinden bir 6zellik hiyerarsisi ¢ikarmak i¢in ¢ok sayida katmana sahip sinir
aglart ile gergeklestirilen 0grenme siirecini ifade eder. Klasik makine 6grenmesindeki manuel o6zellik
cikariminin aksine kendi kendine 6grenme yetenegi ile goriintiilerden karmagik 6zellikler hiyerarsisini ¢ikaran
yeni ve popiiler bir makine 6grenmesi teknigidir[4] Evrisimsel ninir aglari(CNN) yaygin olarak goriintii
siiflamada kullanilan derin 6grenme teknigidir.

CNN’ler, ilk olarak 1989 yilinda tanitilmis [5], derin CNN’ler 2012 yilinda ImageNet yarismasinda elde
ettikleri basaridan sonra popiilerlikleri artmistir [6]. Tipik bir CNN evrisim (convolution), havuzlama
(pooling), akitiasyon (activation) ve siniflandirma (classification) katmanlarindan olusur. Evrisim katmani bir
ozellik cikarict filtreyi girdi {izerinde kaydirarak belirli 6zelliklerin agiga ¢ikarilmasini saglar. Havuzlama
katmani, nceki katmanlardan gelen verilerin en biiyiigii, en kiicligii veya ortalamasim alarak veriyi indirger.
Aktivasyon fonksiyonu bir norona gelen girdilerin dogrusalsizliklarini arttirarak bir sonraki katman igin
istikrarli sonug {iretimini saglar. Sinir aginda gergeklestirilen islemin tiiriine baglh olarak uygun bir aktivasyon
fonksiyonu kullanilir. Rektifiye Lineer Unite (ReLU) son zamanlarda CNN mimarilerinde yaygin olarak
kullanilmaktadir [7]. Tam baglanti katmani tahminleme asamasina gegiste yer alir. Tahmin katmaninin ¢ikis
degerleri kayip fonksiyonuna aktarilir ve tahmin edilen deger ile gercek deger arasindaki kayba gore geri
yayilim yapilarak, en iyi sonuca ulagmak i¢in agirliklar giincellenir.

Transfer 6grenme, daha Once biiyiik miktarda veri ile egitilmis bir agin bilgilerini, benzer bir problemin
¢oziimii i¢in olusturulan baska bir modele aktarmaktir. Onceden egitilmis modelin iizerinde calisti1 veri
yeterince genis ise transfer edilen bilgilerle eldeki daha az miktarda verinin basarili sekilde siniflandirilmasi
saglamir. Transfer dgrenmenin bir diger avantaji islem yiikiinii azaltmasidir. Onceden egitilmis modelin
hesaplanan agirliklar1 yeni modele aktarilarak yeni modelin sadece son kisminda yer alan siniflayicilari egitilir.

2.3. MobileNetVV2 Mimarisi

MobileNetV2, 6zellikle mobil cihazlarda iyi performans elde etmek amaciyla gelistirilen bir evrisimsel sinir
ag1 mimarisidir. Derin sinir aglarinda egitim esnasinda aktivasyonu yliksek olmayan ndronlarin etkisiz kaldigi
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goriiliir ve bu durumda agda artiklar (resudal value) ortaya ¢ikar. MobileNetV2 mimarisinde artik degerleri
ileriki katmanlara besleyen bloklar yer alir.

MobileNetV2'de iki tiir blok vardir. Bunlardan ilki 1 adimlik kayma miktarina (stride) sahip artik deger
blogudur. Digeri ise deger indirgeme i¢in kullanilan 2 adimlik kayma miktarina sahip bloktur. Her iki blogun
{ic temel katmam bulunur. Ilk katman 1x1 filtre boyutu ve ReLU aktivasyonuna sahip evrisim katmanidir.
Ikinci katmanda ise 3x3 filtre ve ReLU aktivasyona sahip daha derin bir evrisim blogu yer alir. Son katman
ise 1x1 ve dogrusal ¢ikis veren evrisim katmanidir (Sekil 2).

Add conv 1x1, Linear
‘ conv 1x1, Linear ‘ T

T Dwise 3x3,
stride=2, Relu6

Dwise 3x3, Relu6 T

!

Conv 1x1, Relu6

1
<i:é&if>// Cinput D

Stride=1 block Stride=2 block

Conv 1x1, Relué

Sekil 2. MobileNetVV2 mimarisi [8]

MobileNetV2 daha once gelistirilen V1 versiyonuna gore daha az parametre ile daha yiiksek performans
sergilemistir ve ImageNet’teki basarisi ile popiilerlik kazanmastir.

4. ARASTIRMA VE BULGULAR

Bu c¢alisgmada maske takan, takmayan ve maskeyi yanlis takan ii¢ ayr smifta 853 adet yiiz goriintiisiinden
olusan veri seti iizerinde MobileNetV2 mimarisi kullanilarak bir siniflama islemi gergeklestirilmistir.
MobileNetV2 mimarisi mobil cihazlar iizerinde kisith kaynaklarla dahi iyi performans sergileyen bir model
olmasi nedeniyle ve bu ¢aligmanin gelecekte mobil sistemlerde de kullanilabilir olmasi nedeni ile tercih
edilmistir. MobileNetV2 mimarisi ve bu mimarinin 14 milyondan fazla resme ve 1000 sinifa sahip ImageNet
veri seti lizerinde egitilmesi sonucu iiretilen agirlik degerleri gelistirilen modele transfer edilmistir. Bu modelin
lizerine bagimsiz bir siniflama katmani eklenerek siiflama iglemi tamamlanmistir. MobileNetV2 mimarisi
iizerine eklenen siniflama katmaninin 6zeti Tablo 1°de yer almaktadir:

Tablo 1. Siniflama katmani mimari dzeti

Katman Cikis boyutu Parametre sayisi
AveragePooling (1,1, 1280) 0

Flatten (1280) 0

Dense (64) 81984

Dropout (64) 0

Dense 3) 195

Transfer edilen modelin ardindan ortalama havuzlama islemi uygulanmis ve ardindan ¢iktt matrisi
diizlestirilerek siniflamay1 gerceklestirecek sinir agina aktarilmistir. Sinir ag1 64 néronlu bir yogunluklu
katman ardindan %50’lik bir unutma (dropout) ve sonda ise veri seti sinif sayis1 kadar olan 3 adet noron igeren
bir ¢ikis katmanindan olugmaktadir. Sinir aginin ilk yogunluklu katmaninda ReLU, ¢ikis katmaninda ise
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olasiliksal deger iireten Softmax aktivasyon fonksiyonu kullanilmistir. Model toplam 82,179 adet egitilebilir
parametreden olusmaktadir.

Veri setinde farkli ebatlarda goriintiiler bulundugundan dolayr modelin egitimi 6ncesinde her bir resim
224x224 piksel ebatinda yeniden boyutlandirilmigtir. Veri seti rastgele 6rnekleme yoluyla %80 egitim ve %20
test seti olarak ikiye ayrilmigtir. Modelin egitimi esnasinda ezberleme (overfitting) olasiligini azaltmak ve
model basarisini arttirmak i¢in veri arttirim (data augmentation) teknigi kullanilmistir.

Model 50 epoch calistirllmistir. Gergeklestirilen smiflama isleminin basarisi farkli metrikler agisindan
degerlendirilmistir. Dogruluk (accuracy) en yaygin kullanilan basar1 metrigidir. Smiflandirmada dogruluk,
dogru siniflandirilmig 6rnek sayisinin toplam veri sayisina orani olarak tanimlanir (Denklem 1).

dogru siniflanmuis 6rnek sayist

dogruluk =
gty toplam 6rnek sayist (1)

Bu c¢alismada, modelin 50 epoch calistirilmasinin ardinda elde edilen siniflama dogrulugu %96.67 dir.
Modelin dogruluk (accuracy) ve hata (loss) degisim grafikleri Sekil 3’de verilmistir.

Model Accuracy Grafigi Model Loss Grafigi
0.975 0.8
= atcuracy
0.950 07
0.925
0.6
0.900
& 05
@ 0875 u
¥ 5
¥ o850 0.4
0.825 03
0.800 03
0775 01 — loss
0 10 0 30 40 50 0 10 20 0 40 50
Epoch Epoch

Sekil 3. Modeli dogruluk ve hata grafikleri

Simiflandirma dogrulugu, modelin genel performansi hakkinda bir fikir verebilir ancak sistemin, dogru ve
yanlis stniflamalar daha detayli incelenerek, daha fazla performans metrigi ile degerlendirilmesini sagliklidir.
Bu amagla karmasiklik matrislerden (confusion matrix) yararlanilir (Sekil 4).

Tahmin edilen degerler

|
! \

Pozitif / Positive | Negatif /Negative
Gercek { Pozitif / Positive | True Positive (TP) | False Negative (FN)

degerler Negatif / Negative | False Positive (FP) | True Negative (TN)

Sekil 4. Karmagiklik matrisi

Veri setindeki etiketi pozitif olan veri, model tarafindan pozitif olarak dogru simiflanirsa dogru pozitif (true
positive - TP), veri setindeki etiketi pozitif olan veri negatif olarak yanlis siniflanirsa yanlis negatif (false
negative - FN), veri setindeki etiketi negatif olan veri negatif olarak dogru siniflandiginda dogru negatif (true
negative — TN) ve veri setindeki etiketi negatif olan veri pozitif olarak yanlis siniflandiginda yanlis pozitif
(false positive — FP) olarak nitelendirilir.
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Karmagiklik matrisinden elde edilen bu parametrelere bagli olarak farkli performans metrikleri hesaplanir.
Bunlardan biri olan duyarlilik (recall) dogru pozitif sayisinin, dogru pozitif ve yanlis negatif sayilariin
toplamina oranidir (Denklem 2).

duyarhiltk = —— 2)
Warttitt = 1p 1 FN

Duyarlilik, modelin dogru pozitifleri ayirt etme yetenegini gosterir. Bu caligmada gergeklestirilen siniflama
islemi i¢in elde edilen duyarlilik degeri % 93 tiir.

Bir diger performans metrigi olan kesinlik (precision) dogru pozitif sayisinin, dogru pozitif ve yanlis pozitif
sayilarnin toplamina oranidir (Denklem 3).

TP
. . — s 3
kesinlik TP T FP 3

Kesinlik, modelin yanlis pozitifleri eleme kabiliyetini gosterir. Bu calismada gerceklestirilen siniflama
isleminde elde edilen kesinlik degeri %77 dir.

Duyarlilik ve kesinlik metriklerinin harmonik ortalamasi olan F1 skoru, iki ayr1 metrigin dengesi hakkinda
fikir verir. F1 skoru Denklem 4’te yer alan formiil ile hesaplanir.

F1 sk _ 2xkesinlik * duyarlilik 4
skortt = kesinlik + duyarlilik

Bu calismada gerceklestirilen siniflama islemini sonucunda elde edilen F1 skoru degeri %84,25’tir.

5. SONUC

Covid-19 pandemi doneminde 6nemini daha ¢ok hatirladigimiz maske kullanimi, insan viicudunu saglik
acisindan risk teskil eden ortamlarda enfeksiyondan koruyan baslica 6nlemlerden biridir. Maskeyi hastalik
yayma veya hastaliga yakalanma riski tagiyan her bir bireyin kullanmas1 gereklidir. Pandemi durumlarinda ve
giindelik hayatta yiiksek sterilizasyon gerektiren ortamlarda maske kullanim zorunlulugu ve maske denetimi
yapma ihtiyaci ortaya ¢ikmaktadir. Denetimlerin kolluk giicii niteligindeki personelle yapilmasi hata yapma
riski ile birlikte insan temasini arttirarak mikroorganizmalarin taginma riskini de arttirmaktadir. Bu nedenle
bilgisayar destekli otomatik goriintii analiz sistemlerinin kullanimi alternatif bir ¢6ziimdiir. Bu ¢alismada
gergeklestirilen derin 6grenme destekli maske kullanimi tespit calismasinda %96.67 dogruluk elde edilmistir.
Siniflama modelinin gelistirilmesinde kullanilan MobilNetV2 modeli, mobil sistemlerde yiiksek performans
saglayabilen bir mimariye sahiptir. Bu anlamda gergeklestirilen ¢alismanin mobil denetim sistemleri {izerinde
basari ile galistirilmasi ve taginabilir bir ¢6zliim haline getirilmesi mimkiindiir.
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HIZLI NESNE TANIMA iCiN NESNENIN VEKTOREL TANIMLANMASI
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OZET

Nesne tanima uygulamalarinda kullanilan algoritmalar nesneleri tanimlamak igin ilgili nesnenin farkli
gorsellerini igeren veritabanlariyla ve egitilmis bir yapay sinir agiyla calismaktadir. Bu algoritmalarin
tanimlamada basaril1 olabilmesi i¢in dgretilecek nesneye ait binlerce gorselin hazirlanmasi ve buna uygun bir
yapay agda islenmesi gerekebilmektedir. Bu siireclerin tamamlanmasi da uzun zaman almaktadir. Ozellikle
sahada gorev yapan bir nesne tanima algoritmasinin karsilasti§i yeni bir nesneyi 6grenmesi kisa zamanda
gerceklesemeyecegi icin bu makalede hizli bir nesne tanima algoritmasi ve modeli 6nerilmistir. Makalede
tanitilan hizli nesne tanima modeli ile nesnelerin tanimlanmasi birkag saniye igerisinde gerceklestirilmektedir
ve gergek zamanl olarak takip edilebilmektedir. Nesnelerin {izerinde belirlenen noktalarin birlestirilmesiyle
olusturulan vektorler ve piksel renk degerleriyle hizli 6grenme i¢in ilgili nesneye ait bir vektor agi
olusturulmaktadir. Bu sayede sahada yeni karsilasilan nesnelerin 6grenilmesi i¢in uzun zaman alan ¢ok sayida
gorsellerin hazirlanmasi ve nesneye uygun ag yapisinin olusturulmasi gibi islemlere gerek kalmadan nesneler
hizl1 bir sekilde 6grenilebilmektedir.

Anahtar Kelimeler: Nesne 6grenme, Goriintii isleme, Nesne takibi, Yapay sinir aglari, Ger¢ek zamanli nesne
tanima

ABSTRACT

The algorithms used in object recognition applications work with databases containing different visuals of the
relevant object and a trained neural network to identify objects. In order for these algorithms to be successful
in identification, thousands of images of the object to be taught may need to be prepared and processed in a
suitable artificial network. These processes take a long time to complete. In this article, a fast object recognition
algorithm and model is proposed, especially since an object recognition algorithm working in the field cannot
learn a new object it encounters in a short time. With the fast object recognition model introduced in the article,
the identification of objects is performed within a few seconds and can be followed in real time. A vector
network of the relevant object is created for fast learning with vectors and pixel color values created by
combining the points determined on the objects. In this way, objects can be learned quickly without the need
for processes such as preparing many visuals that take a long time to learn new objects in the field and creating
the appropriate network structure for the object.

Keywords: Object learning, Image processing, Object tracking, Artificial neural networks, Real time object
recognition

1. GIiRiS
Yiiz tamma ve nesne tamima uygulamalarinda gesitli algoritmalar ve yontemler kullanilmaktadir[1]. Ornek

sahada nesnenin tanimlanmasi i¢in ilgili nesneye ait ¢ok sayida gorselin nesne tanima modelinde tanili uygun
agda tanimlanarak ag yapisinin kurulmasi, nesneye ait dnemli gorsel kesitlerin belirlenmesi ve ayirt etmek
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icin Ozniteliginin ¢ikarilmast gerekmektedir. Bu siirecler uzun siireli nesne tanima iglemleridir. Giincel
algoritmalarda nesnenin bagaril bir sekilde tanimlanmasi i¢in ¢ok sayida egitim gorseli, egitimin basarili olup
olmadigii smamak i¢in ise test resimleri kullanilmaktadir. Egitim ve test siire¢lerinden sonra nesnenin
tanimlanmas1 Kabul edilebilir hata igerisinde oldugunda nesnenin Ogrenimi basarili kabul edilmektedir.
Otonom askeri araglarda bu uzun siireli egitim ve test siirecleri igin yeterli vakit bulunmamaktadir. Askeri bir
aracin daha 6nce tanimlanmayan yeni bir tehdit unsuruyla karsilasmasi durumunda bu nesnenin tiirii tespit
edilerek dost-tehdit tanimlamasini yapamamasi ciddi sorun teskil edecektir. Sahada yeni karsilasilan
nesnelerin hizli bir sekilde tanimlama veritabanina dahil edilmesi bu araglarin sahada daha basarili hareket
etmesini saglayacaktir. Bu ¢aligmada otonom askeri araglarin sahada nesneleri hizli bir sekilde 6grenmesi
iizerine farkli bir nesne tanima yaklagimi 6nerilmistir. Yapay ag modellerinden bagimsiz ve uzun siireli egitim
islemlerine gerek duyulmadan nesnelerin kisa siirede 6grenimi i¢in algoritma hazirlanmis ve referans yolu
olusturmak i¢in farkli bir yaklagim ortaya konulmustur.

2. NESNE TANIMA UYGULAMALARI

Nesne ve yiiz tanimlama i¢in kullanilan gesitli algoritmalar ve tanimlama modelleri bulunmaktadir [2].
Literatiirdeki nesne tanima algoritmalari, ilgili nesnenin goriintiilerini bir sinir agindan gegcirerek uzun vadeli
bir 6grenme siireci ile ¢aligir. Bu modeller kendilerine 6zgii avantajlara ve dezavantajlara sahiptir. Bazi
algoritmalar, goriintliyli tanimlamak i¢in goriintiiyii tek bir asamada isler, bu nedenle algoritma hizli galigir
[3]. Baz1 algoritmalar ise goriintiiyli birden fazla agamadan agamadan geg¢irir ve bu sebeple goriintiiniin tanima
dogrulugu artarken ve tanimlama hiz1 diiser [4]. Ornegin, YOLO tabanl algoritmalar hizlidir ancak uzaktaki
nesneleri ve gruplanmis nesneleri tespit etmede yeterli basar1 gostermemektedir [5]. Haas cascade temelli
uygulamalarda ise tanimlama hiz1 diisiiktiir ancak bu model ile ayni anda yiiz ve nesne tanimlamasi
yapilabilmektedir. Literatiirdeki tanimlama modelleri nesnelerin dnceden 6grenilmesi icin ¢esitli agamalardan
olusan 6grenme siireclerine ihtiya¢ duymaktadir (Sekil 1).

GIRIS VERISI

|

GZNITELIK

CIKARIMI

{ TANIMLANMIS

VERILERI

KARSILASTIRMA
— |

SONUC

Sekil 1. Nesne tanimlama siirecleri

Ogrenilecek olan nesnenin tanimlama modeline eklenebilmesi i¢in binlerce gérselden olusan bir hazirlik siireci
gerekmektedir. Nesne 6grenme siiresinde iki temel gorsel smifi isleme alinmaktadir. Ogrenilecek nesneye ait
gorseller pozitif resim olarak adlandirilirken, igerisinde nesnenin olmadigi her gorsel negatif resim olarak
adlandirilmaktadir. Bu pozitif ve negatif resimler uygun bir 6grenme algoritmasina kullanan bir ag yapisina
uygulanarak tanimlamada kullanilan agin sekillenmesi saglanmaktadir (Sekil 2). Agin egitilmesi ile ilgili bu
siirecin sonunda agin egitiminin basarili olup olmadigi test resimleri ile sinanarak ag basarisi dlgiilmektedir
[6]. Ayn1 algoritmalar1 kullanarak farkli nesnelerin 6grenimi miimkiin olsa da uygun ag yapisin1 buna gore
belirlemek gerekmektedir [7,8].
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Pozitif resimler

Nesnenin tammi

Negatif resimler

Sekil 2: Pozitif ve negatif resimlerin iglenmesi sonucu nesne tanima

3. HIZLI NESNE TANIMA MODELI

Hizli nesne tamima modeli herhangi bir yapay sinir agi alt yapisi kullanmadan nesnelerin geometrik
sekillerinden kaynakli 6znitelik 6zelliklerini temel alarak ¢alismaktadir. Buna gore gorsel iizerinde bulunan
unsurlarin birbirlerine belirli bir uzakligi ve renk degeri bulunmaktadir. Bu unsurlar birbirlerine belirli uzunluk
ve agilarla desteklenmis vektorler ile tanimlanmaktadir. Gorseldeki nesnenin uzaklagmasi veya yakinlagmasi
bu vektorlerin belirli katsaytyla islenmesi anlamina geldiginden vektorlerin hepsi belirli bir oranda kiiciilecek
veya biiyliyecektir. Vektorlerin nesne iizerinde belirttigi renk bilgisi bu vektorlerin gorsel iizerinde ilgili renk
pikselleri lizerinde kalmasini ve gorselin vektorler {izerinden gosterimini saglamaktadir (Sekil 3). Bu sayede
uzun siireli egitim gorsellerinin hazirlanmasina ve test siireclerine gerek duyulmadan nesnenin tanimi bu
vektorler ile saglanmaktadir.

m—_‘_—ﬁ-“

v X, R.G.B
D (% ¥ )(BGsB) A e

Sekil 3 Hizli nese tanima moelinde resimden 6rnek alma

Hizli nesne tanima modelinde egitim islemi icin nesneye ait ¢ok sayida gorselin hazirlanmasina gerek
bulunmamaktadir. Bu 6zellik sayesinde tanima modeli nesneyi kisa zamanda 6grenebilmektedir. Hizl1 nesne
tanima i¢in nesneye ait gorsel iizerinde nesneyi olusturan unsurlari isaretlenmektedir (Sekil 4). Isaretlenen her
nokta lizerinde nesneye ait bir renk bilgisi alinirken noktalar arasi vektorler olusturulmaktadir. Vektorler
noktalar arasinda belirli uzaklik ve a¢1 bilgisini tutan bilgi dizisidir.

Sekil 4. Hizli nesne tanima i¢in nesne tizerinde vektor haritasi olusumu
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Nesnenin uzaklagmasi ve yakinlagmasi vektorlerin tamaminin belirli bir katsayi ile kiigiilmesi veya biiylimesini
saglarken nesnenin belirbir acida dondiiriilmesi vektorlerin de belirli bir ag1 ile yeniden sekillenmesini
saglamaktadir. Nesne iizerinde belirli noktalarin isaretlenmesi sonucu olusturulan vektdr haritasi ile nesnenin
Ogrenimi vektorel olarak tanimlanmaktadir. Vektorel olarak tanimlanan nesnenin tanimlanmasi bu vektdrlerin
nesne iizerinde olusturulup olusturulmadiginin kontroliiyle saglanmaktadir. Ogrenme isleminde alinan renk
degerleri ilgili nesnenin {izerinde gdriintii isleme yoluyla taranarak benzer renk alanlarinin belirlenmesiyle
baglamaktadir(Sekil 5). Renk alanlarindan alinan piksel degerleri en yakindaki komsu renk alanindaki piksel
noktalariyla vektor kurma denemeleri yaparak daha Once tanimlanan vektdr haritasinin olusturulup
olusturulamadigr denenmektedir. Nesne tanimi daha once vektorel olarak tanimlanip vektdr haritast
¢ikarildiysa bu olusturulan yeni vektdr haritasmin tekrar kurulmasi miimkiin olacaktir. Ogrenme ve tanimlama
islemlerinde olusturulan bu vektor haritalar1 arasindaki fark hata olarak kabul edilmektedir. Bu sayede hata
degeri ne kadar kiiciikse nesne tanima basarisi o kadar yiiksek olmaktadir.

Sekil 5. Nesne 6grenme ve tanimlama siireglerinde olusturulan vektorler

4. SONUCLAR

Yapilan bu siirecler i¢in yapay ag kurma islemlerine gerek duyulmamasi, binlerce resimden olusan egitim ve
test resimlerinin hazirlanma siireglerine gerek kalmamasi sayesinde bu yaklasim nesnelerin hizli 6grenilmesi
ve tanimlanmasini saglamaktadir. Hizli nesne tanima modeli i¢in C# programlama dilinde gelistirilen yazilim
ile kameradan elde edilen gorsellerdeki nesneler herhangi bir internet baglantisi, veritabani, yapay ag yapisina
gerek duymadan nesneleri kisa siirede 6grenmekte ve tanimlamaktadir. Nesne 6grenme sirasinda ilgili nesneye
ait farkli a1, 151k seviyesi ve renklerden olusturulmus binlerce egitim gorseline gerek duyulmamaktadir. Bunun
yaninda nesnenin dgrenilme basarisinin sinandigi test siiregleri de bu modelde yer almamaktadir. Olusturulan
yazilim ile hizli nesne tanima modelinde nesneler birkag saniye igerisinde &grenilmekte ve
tanimlanabilmektedir(Sekil 6). Ogrenme ve tanimlama sirasinda yapay ag modeli kullanilmadig: igin yiiksek
islem giicii ve hafiza kullanilmamaktadir. Nesne tanima modeli kisith kaynaklara sahip gomiilii sistemler i¢in
uygun bir ¢dzlim olarak 6nerilmektedir.

Sekil 6. Farkli bardaklarin 6grenilmesi ve tanimlanmasi
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OZET

Giliniimiizde belirli bir mesafedeki nesnelerin tespitinde kullanilan radarlar, radyo sinyallerinin nesneye
gonderilip bu yansiyan radyo sinyallerinin geri alinmasi prensibine gore ¢aligmaktadir. Ancak radar ve nesne
arasina baska engellerin girmesi durumunda nesnelerin tespiti miimkiin olamamaktadir. Bu makale
giliniimiizdeki radar teknolojilerine alternatif olarak farkli bir radar teknolojisi yaklasimini 6nermektedir. Her
nesne bulundugu konumdaki diinyanin manyetik alaninda bir miktar kirilmalar ve degisimler olusturmaktadir.
Manyetik alanlardaki bu degisimlerin tespiti nesnelerin tespitinde kullanilabilir. Bu g¢alismada ortamda
bulunan manyetik alan degisimlerini algilayarak nesnelerin konumlarini tespit eden ve hareketli nesneleri
algilayan bir radar prototipi onerilmistir. Onerilen bu radar prototipi giiniimiiz radarlarindan farkli olarak
engeller arkasindaki nesneleri dahi tespit edebilmektedir.

Anahtar Kelimeler: Radar, Elektromanyetizma, Eddy akimi, Manyetik alan, Nesne tespiti, Hareket algilama

ABSTRACT

Today, radars used to detect objects at a certain distance operate according to the principle of sending radio
signals to the object and retrieving these reflected radio signals. However, it is not possible to detect objects if
other obstacles come between the radar and the object. This article proposes a different approach to radar
technology as an alternative to today's radar technologies. Each object creates some refractions and changes in
the magnetic field of the earth in its location. It can be used to detect objects by measuring these changes in
magnetic fields. In this study, a radar prototype that detects the magnetic field changes in the environment and
detects the positions of objects and detects moving objects is proposed. This proposed radar prototype can
detect even objects behind obstacles, unlike today's radars.

Keywords: Radar, Electromagnetism, Eddy current, Magnetic field, Object detection, Motion perception

1. GIRIS

Radarlar radyo sinyallerinin yansimast Ozelliginden faydalanilarak uzaktaki nesnelerin
algilanmasinda kullanilan cihazlardir (Sekil 1). Radar anteninden yayilan radyo sinyali hedef nesneye
carptiktan sonra tekrar geri yansiyarak radyo antenine gelmektedir. Yansiyan bu radyo sinyalinin
gidis-gelis siiresi hesaplanarak hedefin uzakligi, sinyalin giicii 6lctlilerek hedefin boyutu hakkinda
bilgi saglanmaktadir [1]. Gliniimiizde radarlar sivil alanda meterolojide hava durumu tahminlerinde,
arama kurtarma, hava ve deniz trafiginin izlenmesinde, araglarinin hizlarmin tespitinde, askeri
alanlarda ise hava gozetleme, erken uyar1 sistemlerinde, giidiim sistemlerinde ve hava savunma
sistemlerinde siklikla kullanilmaktadir [2].
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Sekil 7. Radarin galigma prensibi

Radarin gelistirilmesi 2. Diinya Savasi 6ncesine dayanirken giiniimiizde farkli alanlarda kullanilmak i¢in ¢esitli
radar teknolojileri de gelistirilmektedir ve genel prensip radyo sinyallerinin yansimasi iizerindedir. Radar
sistemleri askeri alanlarda {istlinliige ve gizlilige 6nem veren bazi iilkelerin 6zellikle havacilik sektoriinde
goriinmez olarak bahsedilen radar goriiniirliigii diisiik ucaklarin iiretmesini tesvik etmistir. Goriinmez ugaklarin
bu sekilde tanimlanmasinin nedeni radar algilayicilarn tarafindan tespit edilmemesi veya ¢ok az goriiniirlilk
kesitine sahip olmasindan gelmektedir[3]. Havadaki bir ugagin goriinmez olmasi i¢in kendisine ¢arpan radyo
sinyallerini ya geriye yansitmamali ya da farkli acilara yansitarak radyo antenine geri ddnmesini
engellemelidir. Ugaklarin bu 6zellige sahip olmasi igin dig goriiniislerinde radyo sinyallerini geriye yansitacak
geometrideki yuvarlak hatlar olmamali ve ug¢agin dis gévdesi pahali 6zel malzemelerle kaplanmalidir. Bu
ozelliklere sahip ugaklarin glinlimiizde radar sistemlerine goriinmeden hareket ettigi bilindiginden bu konuda
iilkeler arasi ciddi rekabet ortam1 dogmustur.

Bu ¢aligmada giiniimiiz radar teknolojilerinden farkli olarak hareketli ve hareketsiz nesnelerin algilanmasini
farkli bir yaklagim ile algilayan bir radar teknolojisi tanitilmaktadir. Glinlimiiz radarlarinin ¢alismasinda ve
hedefleri algilamasinda olumsuz etkilerde bulunan cografi yapilar ve dogal yapilar bu ¢alismada sunulan
alternatif radar teknolojisi ile asilmasi ve sistemin kullanimi referans yolu olusturmak iizere sunulmustur.

2. MALZEME UZERINDE OLUSAN ELEKTROMANYETIK DALGALAR

Elektromanyetik dalgalar enerji yiikli atomlardan yayilan, elektrik ve manyetik alanlardan olusan
olgulardir[4].Malzemeler, merkezinde pozitif yiklii ¢ekirdege sahip proton ve bu ¢gekirdegin gevresinde belirli
bir yoriingede dolanan elektronlara sahip atomlardan olugsmaktadir. Cekirdek ¢evresinde dolanan elektronlar
cesitli kuvvetlerle etkilesime girebilmektedir. Disaridan uygulanan kuvvetler elektronlarin ydriinge tizerindeki
yollarinda salinimlar olugmasina neden olabilecegi gibi daha giiglii kuvvetler bu elektronlarin atomdan
kopmasina neden olabilmektedir(Sekil 2).

Sekil 8. Dis kuvvet sonucu elektron kaybeden atom

Malzemeler siirekli olarak 1s1, 151k, basing, enerji dalgalar1 gibi dis kuvvetlere maruz kalmaktadir. Bu kuvvetler
sonucunda malzemelerin tizerinde elektronlarini kaybeden ve pozitif yiike sahip alanlar ile fazladan elektron
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kazanarak negatif yiik tasiyan alanlar olugmaktadir. Malzemelerin iizerinde bu negatif ve pozitif alanlarin
olugsmastyla bu alanlar arasinda elektrik ve manyetik alan kuvvetlerinin de olugsmasini saglamaktadir(Sekil 3).
Faraday’1n indiiksiyon kanuna gore ortamda bulunan manyetik alanin degismesi, cevresinde bu manyetik alani
karsilayacak cembersel elektrik akimlarmin olusmasina neden olmaktadir[5]. Girdap akimi(Eddy) olarak
adlandirilan bu ikincil akim olusumlar cevrelerindeki atomlan etkileyerek bu etkilerin elektromanyetik
dalgalar ile uzak mesafelere yayilmasina neden olmaktadir(Sekil 4). Bu 6zellik sayesinde iizerinde gesitli
elektrik yiikleri tasiyan hareketli malzemeler, ¢evrelerindeki malzemelerdeki yiikleri etkileyerek belirli bir
uzayda birbirlerini siirekli etkileyen yiik bulutunun olugmasini saglamaktadir.

A \AY
EISRASA

Sekil 9. Elektrik yiikleri arasindaki etkilesimler

\\\ (/ Birincil manyetik alan
Alternatif akim | —,

‘ Girdap akim

Etki alam
Ikincil manyetik alan

I Malzeme yiizeyi

Sekil 10. Malzeme iizerinde olusan girdap akimlari

3. ELEKTROMANYETIiK RADAR SISTEMi

Giiniimiiz radarlariin ¢alismasinda hedefe radyo sinyallerinin gonderilmesi, radyo sinyallerinin hedef nesneye
carpip geri yansimasi ve geri yansiyan radyo sinyallerinin iglenmesi asamalar1 yer almaktadir. Hedef nesnenin
geometrik sekli radyo sinyallerinin gesitli agilarla farkli yonlere yansitilmasina neden oldugundan dolay: radar
antenine geri yanstyan radyo sinyallerinin daha az gelmesine neden olmaktadir. Bu durumdan dolay1 hedef
nesnenin ger¢ekte oldugundan daha kiigiik bir kesitte algilanmasina neden olmaktadir. Bunun yaninda radyo
sinyalleri farkli nesneler iizerinde ¢esitli davraniglar gostermektedir. Metalik nesneler {izerinden gii¢lii bir
sekilde yansiyan radyo sinyalleri metalik olmayan nesnelerde kirilmaya ugramaktadir. Bununla birlikte gelisen
teknoloji ile iiretilen yeni kaplama malzemeleri radyo sinyallerini malzeme i¢inde emilimini saglayarak radyo
sinyallerinin yansimasinin oniine gegilmektedir. Gelistirilen kompozit malzemeler ve boyalar sayesinde radara
yakalanmayan veya diisiik gorinirliige sahip hava araglarmin tiretimi gergeklestirilmistir.
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Elektromanyetik radar, bilinen radar teknolojilerinden farkli olarak elektromanyetik dalgalarin nesneler
tizerinde olusturdugu etkilere dayanarak calismaktadir. Elektromanyetik dalgalar enerji yiiklii atom
cekirdekleri ve hareket halindeki elektronlarin olusturdugu bir olgudur. Atom cekirdeklerinden kaynakli
elektromanyetik dalgalar radyasyon seviyesinde olmakla birlikte bu c¢alismada bahsedilen elektromanyetik
radar sistemi hareket halindeki elektrik yiiklerinin olusturdugu elektromanyetik dalgalar1 kullanarak
calismaktadir.

Elektromanyetik dalgalar cesitli antenler ile tespit edilebilmektedir[6]. Elektromanyetik radar iizerinde de
cevresel elektromnyetik dalgalari toplayan bir anten bulunmaktadir. Malzemelerden yayilan elektromanyetik
dalgalar radar antenine carparak indiiksiyon kanunu cergevesinde girdap akimlarinin olugsmasina neden
olmaktadir. Sistem iizerinde olusan mikrovoltlar seviyesindeki voltaj yiikseltecler ile seviyesi yiikseltilerek
Olciilebilir seviyeye getirilmektedir.

3.1. Pasif Radar Calismasi

Elektromanyetik radar malzemelerden kaynakli elektromanyetik dalgalar1 tespit etmek i¢in iki farkli calismaya
sahiptir. Pasif modda radar sistemi hareketli nesnelerin tespitinde kullanilmaktadir(Sekil 5). Buna gore
ortamda bulunan malzemelerin {izerinde bulunan elektriksel yiikler, malzemenin hareketinden dolay1
cevredeki komsu yiiklerle etkilesime girerek elektromanyetik dalgalarin olusumu gergeklesmektedir. Radar
anteni tarafindan toplanan elektromanyetik dalgalar elektrik sinyaline doniistiiriilerek giiglendirilmektedir.
Mikrodenetleyici tarafindan dlgiilebilir ve islenebili seviyeye getirilen elektrik sinyali sinyal isleme siirecinden
sonra hedef malzemenin uzakligi, boyutu ve hareket yonii bilgileri tespit edilebilmektedir.
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Sekil 11. Pasif radarin ¢calisma diyagrami

3.2. Aktif Radar Cahsmasi

Elektromanyetik radar, ortamdaki hareketsiz nesnelerin tespitini gergeklestirmek icin aktif modda
caligmaktadir. Ortamda hareketli nesnelerden kaynakli elektromanyetik dalgalarin olusmadigi durumda bu
dalgalarin radar sistemi tarafindan yapay olarak olusturulmasi gerekmektedir(Sekil 6). Bu durumda
elektromanyetik radarin anteni tarafindan ortama ytiksek frekansli elektromanyetik dalga yayimlanmaktadir.
Bu elektromanyetik dalga ortamda bulunan nesnelere ¢arparak malzeme iizerindeki yiiklere garparak bu
yiiklerin harekete gegmesi saglanmaktadir. Bu sayede elektrik yiiklerinin hareketinden dogan elektromanyetik
dalgalar, radar anteni tarafindan tespit edilerek radar menzilindeki nesnelerin algilanmasi ger¢eklesmektedir.
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Sekil 12. Aktif radarin ¢aligma diyagrami

4. SONUCLAR

Elektromanyetik radar, geleneksel radyo sinyallerinin gonderilip geri yansimasi prensibinden farkli olarak
ortamdaki nesnelerin biinyesinde bulunan elektriksel yiiklerin olusturdugu elektromanyetik dalgalarin
algilanmasi prensibine gore ¢caligmaktadir.Radarin algilama menziline giren hareketli ve hareketsiz nesnelerin
varlig1 kapsama alan1 icerisinde tespit edilebilmektedir(Sekil 7). Giiniimiiz radarlarinda radyo sinyallerinin
degisik geometrik sekildeki nesnelerden yansimasi farkli olmasi, radyo sinyallerini absorbe eden malzemelerin
iiretilmesi sonucu her nesnenin algilanmasi dogru yapilamamaktadir. Ancak elektromanyetik radar,
nesnelerden yansiyan radyo sinyali yerine bu nesnelerden yayilan elektromanyetik dalgalari tespit ederek kesin
dogrulukla nesne tespitini yapabilmektedir. Giiniimiiz radarlarindaki en biiyiik sorun cografi yer sekillerinden
kaynakl1 radyo sinyali gonderimindeki kisitlamalardir. Elektromanyetik dalgalarin radyo sinyallerinin aksine
nesnelerin igerisinden gecebilmesinden dolay1 engel arkasinda bulunan nesneler de tespit edilebilmektedir.

Sekil 13. Elektromanyetik radarin algilama uzay1

Calisma sonucu prototipi olusturulan sistemin 5 metre uzakliktaki hareketli ve hareketsiz nesneleri tespit
edebildigi gozlemlenmistir (Sekil 8). Algilama mesafesi radar anteninin boyutuyla iliskili oldugu
gozlemlenmistir. Hedef nesne ile radar arasina konulan engelden gecen elektromanyetik dalgalar denemeler
sirasinda tespit edilmis ve engelden bagimsiz olarak nesnelerin algilanabilecegi goriilmustiir.
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Sekil 14: Elektromanyetik radar prototipi
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OZET

Gilinlimiizde artan motorlu tasit sayist sehir ici trafik ve park sorunlarina neden olmaktadir. Bu yiizden
siiriiclilere park yeri konusunda yardimci olacak otomatik park sistemlerine gereksinim oldugu ortaya
cikmistir. Nesnelerin interneti, hayatimizin bir¢ok alaninda 6nemli rol iistlenebilecek yeni gelisen ve umut
vadeden farkli uygulama alanlarina sahiptir. Akilli sehircilik kapsaminda trafik ve park durumu, sensorler
tarafindan algilanip trafik yogunluk haritasi ¢ikarilarak arag siiriiciilerine sunulmaktadir. Bu ¢alismada, park
yeri arama siirelerini diisiirecek ve boylece kullanicilara yardimci olacak sistem tasarimi modelleri ve
uygulamalari [oT baglaminda incelenmistir ve uygulanmistir. Bunun igin kullanilabilecek pek ¢ok farkli API
ya da teknolojik sistem bulunmaktadir.

Ilk yontemde IoT cihazlarmin veritabani sunucusuna gonderdigi veriler analiz edilerek bir web sayfasi
tizerinden AJAX cagrilar ile kullanicilara anlik park yeri bilgileri sunulmaktadir. Diger iki yontemde Blynk
ve Mozilla WebThings gibi [oT platformlari incelenmistir ve kendi senaryomuz i¢in uygulanmistir. Blynk,
sahip oldugu android veya iOS uygulamalar1 sayesinde cep telefonlarindan kolaylikla kontrol ve izleme
islemleri yapmaya olanak saglarken WebThings altyapisinda ise verdigimiz e-posta ve sifre bilgisi ile internet
tizerinden daha kolay bir bi¢imde yayin yapilabilmektedir. Otopark alanlarinda Arduino cihazlara bagh
sensorlerden alinan veriler Raspberry pi ya da Orange pi gibi gdmiilii kartlara gonderilmektedir. Bu gémiilii
kartlar kullanilarak park alanlarina iliskin bilgilerin kullanicilara sunulmasi saglanmis ve kullanicilarin bos
olan park alanlarmi rezerve etmeleri ya da park alan1 doluluk orani daha diisiik olan farkli konumlardaki
alanlara yonlendirilmesi saglanmustir.

Anahtar Kelimeler: Nesnelerin interneti, Park sistemleri, Gomiilii sistemler, Akilli sehirler, Blynk, Mozilla
WebThings.

ABSTRACT

Nowadays the increasing number of vehicles causes more traffic and parking problems than ever. Therefore,
there is a need for automatic parking systems that help drivers in finding parking spaces. Internet of Things
(10T) has different emerging and promising application areas that can play an important role in many areas of
our lives. Within the scope of smart urbanism, traffic and parking states are captured by sensors and a traffic
density map is prepared and presented to the drivers. In this study, system design models and implementations
which could reduce searching time for parking space and thus help users are examined in the context of loT.
There are many different APIs or technological systems that can be used for this approach. In this study, widely
used three different types of technological systems are examined.

In the first method, the data sent by loT devices to the database server is analyzed and instant parking
information is presented to users with a web page using AJAX calls. In the other two methods, 10T platforms,
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such as Blynk and Mozilla WebThings have been studied and implemented for our own scenario. Blynk, thanks
to its Android / iOS applications, allows us to easily control and monitor using mobile phones, while
broadcasting can be easily made over the internet with the e-mail and password information. Also, we have
utilized Mozilla WebThings infrastructure, where data received from sensors, connected to Arduino devices
in parking lots, are sent to embedded platforms, such as Raspberry Pi or Orange Pi. Using these embedded
platforms, information about parking spaces was provided to users, and users were allowed to reserve vacant
parking spaces or directed to areas with lower occupancy rates.

Keywords: 10T, Parking systems, Embedded systems, Smart cities, Blynk, Mozilla WebThings.

1. GIRiS

Niifusun artmasi ve artan motorlu kara tasit sayilari, sehir i¢i ara¢ trafiginin yogunlagmasina, yollarin ve park
alanlarinin yetersiz kalmasina neden olmaktadir. Gelismekte olan {ilkelerde 6rnegin Tiirkiye’de 2020 Temmuz
ayinda 138 bin 883 adet tasitin trafige kaydi yapilmis, 28 bin 373 adet tasitin ise trafikten kaydi silinmistir.
Boylece Temmuz 2020 sonu itibariyle trafikteki toplam tasit sayisinin 110 bin 510 arttig1 goriilmiistiir. Artan
tasit sayisina bagl olarak park alanlarinin yetersiz kalmasi ile trafik sikigikligi ve park arama maliyetlerinin
arttig1 goriilmiistiir. Arag sahiplerinin yiikiinli azaltmak, trafik kapasitesini gelistirmek, giivenilir ve giivenli
arag fonksiyonlar saglamak i¢in yardimei sistemlere ihtiyag vardir. Sehirlerdeki akilli trafik lambalar1 ve park
yeri yonlendirmeleri trafik yogunlugunu ve yakit masrafini onlemek agisindan faydalidir. Ayrica araglar igin
ok katli otoparklar hem trafik yogunlugunu azaltmakta hem de yerden kazang saglamaktadir. Ornek olarak
Fransa’ daki 1905 yilinda kurulan Garage Rue de Ponthie verilebilir (Uysal et al., 2020).

Uluslararas1 Telekomiinikasyon Birliginin olusturmaya calistigi standart tamma gore, IOT (Nesnelerin
Interneti — Internet of Things) mevcut ve gelisen birlikte calisabilir bilgi ve iletisim teknolojilerine dayali
olarak (fiziksel ve sanal) seyleri birbirine baglayarak gelismis hizmetleri miimkiin kilan, bilgi toplumu i¢in
kiiresel bir altyap1 olarak goriilebilir. Bu tanimda nesne olarak belirtilen kavram iletisim teknolojilerinde
kullanilan fiziksel cihazlar (sensorler, gomiilii sistemler, ag cihazlar1 vb.) ve sanal olarak tanimlanabilen ve
iletisime dahil edilebilen nesnelerdir (Veritabani kayitlari, Etiketler vb.) (Villamil et al., 2020). IoT, dinamik
ve kiiresel ag altyapisinda akilli ve kendini yonetebilme yetenegine sahip nesneler {izerine kurulmustur (Botta
et al., 2016). ToT’nin anahtar fikri bulunulan ¢evreyi anlamak, veri elde etmek ve kontrol etmek amaciyla
gerekli tepkileri iiretmektir. [oT nesneleri, kendi aralarinda, sunucu ile ve sunucudan diger sunuculara olmak
tizere Ui¢ farkli sekilde haberlesme yapabilmektedir (Oral et al., 2017).

0T, tarim, ulagim, endiistri, ev sistemleri ve akilli sehirler gibi daha birgok uygulama alanlarina sahiptir. Akill
sehirciligin alt dallar trafik ve ulasim sistemleri, elektrik santrali, park tesisleri, trafik yonetim sistemleri ve
benzerleridir (Khanna & Anand, 2016). “International Parking Institute” tarafindan yapilan aragtirmada, park
sistemleri ile alakali yeni fikirlerin her gecen giin artis gosterdigi gozlemlenmistir (International Parking
Institute, 2018) Ciinkii gelisen ve bilyiiyen sehirlerde trafik ve park alanlar1 konusunda sorunlarla
karsilagilmaktadir. Artan trafik yogunlugu, IoT cihazlarimin kullanim gereksinimini arttirmakla birlikte
aragtirmacilarin bu teknolojiye yogunlagarak gelismesinin yolunu a¢gmakta ve sorunlarin azaltilmasina
yardimci olabilmektedir.

Bu ¢alismada bu teknolojilerden yaygin kullanima sahip olan farkli ii¢ tanesi incelenmistir.

Ilk yontemde IoT cihazlarmin veritabam sunucusuna gonderdigi veriler analiz edilerek bir web sayfasi
iizerinden AJAX cagrilar ile kullanicilara anlik park yeri bilgileri sunulmaktadir. Diger iki yontemde Blynk
ve Mozilla WebThings gibi IoT platformlan incelenmistir ve kendi senaryomuz i¢in uygulanmistir. Blynk,
sahip oldugu android veya iOS uygulamalar1 sayesinde cep telefonlarimdan kolaylikla kontrol ve izleme
islemleri yapmaya olanak saglarken WebThings altyapisinda ise verdigimiz e-posta ve sifre bilgisi ile internet
iizerinden daha kolay bir bi¢imde yayin yapilabilmektedir. Otopark alanlarinda Arduino cihazlara bagh
sensorlerden alinan veriler Raspberry pi ya da Orange pi gibi gdmiilii kartlara gonderilmektedir. Bu gomiilii
kartlar kullanilarak park alanlarina iliskin bilgilerin kullanicilara sunulmasi saglanmis ve kullanicilarin bos
olan park alanlarmi rezerve etmeleri ya da park alan1 doluluk oranmi daha diisiik olan farkli konumlardaki
alanlara yonlendirilmesi saglanmistir.
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2. ARASTIRMA VE BULGULAR

Bu calismada park alanlarinin yonetimi ve izlenebilir olmasi igin kullanilabilecek yazilimsal teknolojiler
incelenmistir. Oncelikle basit web teknolojileri ve veritabani sistemi kullanilmus ve test edilmistir. Hazirlanan
web sayfasinin cep telefonu uyumlu olmasi saglanmis ve bu sayede iOS ve Android isletim sistemlerine sahip
cihazlar iizerinden yo6netim imk&mi sunulmustur. Blynk adindaki diger bir teknoloji, IoT platformlarim
sagladig i0OS ve Android destegi ile yonetme imkan1 sunmaktadir. Blynk platformu Java tabanl {icretli bir
sistem olarak sunulmaktadir. Mozilla WebThings a¢ik kaynak kodlu platformu ise Web Of Things (Nesnelerin
webi) standardinin uygulanmis halini igermektedir.Ilk olarak kendimizin olusturdugu uygulamada web
teknolojileri (Php, Html, CSS, Javascript, Ajax) ile birlikte veritaban1 kullanarak basit bir web ara yiizii
gelistirilmis ve bu ara yiiz iizerinden gomdilii sistemlere bagli sensorlerden gelen verilere gore otopark alani
hakkinda bilgilendirme ve rezervasyon islemleri gerceklestirilmistir. Hazirlanan web sayfasi ara yiizi sekil
1’de gosterilmistir.

O oo Merhaba,Exdm UYSAL [0m0 Ko
MEU Park Sistemine hosgeldiniz!

TMYO Otoparki Rektorliik Otoparki Fen Edebiyat Teknik Bilimler

% 50 dolu % 75 dolu % 29 dolu % 86 dolu

o o

Sekil 1. Web Sayfas1 Uygulamasi

Diger bir teknoloji olan Blynk ile uygulama gelistirmek i¢in iOS ya da Android isletim sistemine sahip
cihazlara uygulamanin indirilerek kurulmasi gerekmektedir. Ardindan uygulama iizerinde yeni proje acilarak
projede kullanilacak oturum agma anahtari temin edilir. Uygulama igerisinde hali hazirda yer alan gorsel
bilesenler ile proje tasarimi gergeklestirilir. Bu asamalardan sonra [oT cihazlarina 6nceden alinmis olan oturum
acma anahtar1 yiliklenir. Bu anahtar ile IoT cihazlarin Blynk sunucularinda oturum agmasi saglanarak
sensorlerden alinan verilerin sunucuya veya sunucu tarafindan cihaza aktarimi yapilabilmektedir. Boylelikle
bulut iizerinden Blynk sunuculari araciligi ile IoT cihazlarinin yonetimi, kontrolii ve karsilikli veri aktarimi
yapilabilir hale gelmektedir. Blynk platformuna ait mimari ve gelistirilen uygulamaya iligkin ara yliz asagidaki
sekillerde verilmistir.

i;l No laptc

Blynk Server

Blynk app Blynk Libraries

Intermet Access of your choice
Ethemnet, Wi-Fi, 3G ...

Sekil 2.a. Blynk Uygulama Sekil 2.b. Blynk Park Uygulamasi
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Blynk platformu ile IoT cihazi olarak Arduino, ESP8266, ESP32, Yun, Rasperry gibi bir¢cok cihaz uyumlu
sekilde kullanilabilmektedir. Arduino IDE’ si iizerinden programlamak i¢in Blynk kiitiiphanesi eklenmelidir
Istenirse internet iizerinde yer alan Blynk sunucular1 yerine kendimize ait sunucu altyapisi hazirlanarak IoT
cihazlar ile iletisim ve yonetim iglemlerinin bu sunucular {izerinden yapilmasi saglanabilmektedir. Bu sayede
bilgi giivenligi arttirabilmekte ve daha kisa siirelerde cevap alinabilmektedir. Fakat hali hazirdaki bulut
iizerinde yer alan Blynk sunuculart kullanilirsa akilli telefon uygulamasinda saniyede ondan fazla istek
yapilamamasi gibi bazi kisitlamalar ortaya ¢ikmaktadir.

Mozilla WebThings platformu, web teknolojilerinin basarisinin, loT i¢in de kullanilmasi fikrini igermektedir.
10T cihazlan arasinda iletisim i¢in kullanilan birgok protokol vardir ve bunlarin bir arada kullanimi zor ve
maliyetli olabilmektedir. Ciinkii protokollerin arasinda ek doniisiim islemlerine ihtiya¢ duyulmaktadir. Eger
her akilli cihaz web API’si saglarsa cihazlarin hangi protokol kullandiginin 6nemi kalmamaktadir. Boylece
daha rahat ve her tlirden cihaz ile iletisim kurulabilmekte ve arka planda hangi protokol kullandiginin 6nemi
kalmamaktadir. Mozilla WebThings bu yaklasim ile gelistirilen IoT platformlarindan bir tanesidir. Mozilla
WebThings web arayiizii ile cihazlarin kontroliinii ve takip edilmesini saglayan acik kaynak bir platformdur.
W3C (world wide web consortium) tarafindan tanimlanan Web of Things standardinin agik kaynak
gerceklestirimidir (Guinard Dominique D., 2013).

Security
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Sekil 3. Mozilla WebThings(Guinard Dominique D., 2013)
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Web of Things standardi, basit anlamda web standartlarint (HTML ve HTTP) kullanan birinin hizlica nesneleri
veya cihazlari web’e baglamasini ve gelistirme siirecinin kolay olmasini saglamaktadir. Bu ise “gateway” adi
verilen yazilim veya donanim kopriileri sayesinde gerceklestirilmektedir. Bir diger deyisle, IoT’de kullanilan
tastyic1 protokollerinin arasindaki karmagsikligni ve farklilign gizleyerek (soyutlayarak) Web of Things,
gelistiricilerin uygulamalarina odaklanmalarini saglar(Guinard Dominique D., 2013).Mozilla WebThings
platformu i¢in gerekli olan Esp async TCP ve Esp async WebServer kiitiiphaneleri arduino kod gelistirme
ortamina eklenmelidir.(Me-no-dev, n.d.)

SONUC

Gelisen teknoloji ile birlikte bilisim teknolojilerinin ilerlemesi, erisilebilir olmasi ve maliyetinin diisiik
olmasina bagli olarak hayatimizin her alaninda kullandigimiz birgok elektronik aletin birbirleri veya dis diinya
ile haberlesme icerisinde olmasi kaginilmaz olacaktir. Ornek olarak tasinabilen Android veya iOS tabanli akilli
telefonlar, akilli cihazlar gibi nesneler giinimiizde yaygmn olarak kullanilmaktadir. Haberlesme
teknolojilerindeki ve bilisim alanindaki bu gelismeler nesnelerin interneti fikrini daha da gili¢lendirmektedir.
Bu teknolojilerin kullanimin1 ve kodlanmasini kolaylastirmak pek cok farkli platform gelistirilmekte ve
yayginlagmaktadir. Bu c¢alismada Blynk, Mozilla WebThings ve hali hazirda var olan web teknolojileri
kullanilarak gelistirilen yazilimlar ile loT tabanl akilli otopark sistemi 6rnegi gelistirilmistir.
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ABSTRACT

In this research theoretical model of a 3 story structure model is studied and a simulation model is built in
MATLAB using Simulink Simscape tool. Building’s natural frequencies and mode vectors are theoretically
calculated. Simulation is run using the same stiffness parameters at the predetermined natural frequencies.
Mode vectors are found by stopping the simulation at the maximum displacements. Then, the theoretical mode
vectors are compared by the ones obtained from the simulations. Then, simulation is run with varying
frequency input force and acceleration data from each of the stories are used to find the mode shapes and mode
frequencies by using peak picking method without using the input force. This model is found useful for
analyzing structural model and would be a guide for future structural health monitoring researches. As a
continuation of this study the model will be built in laboratory and the acceleration data will be collected using
wireless sensor nodes. In this study it is showed that the Fast Fourier transform (FFT) of acceleration data are
enough to obtain structural information of mode frequencies and mode shapes. So it’s possible to distribute
the computation of FFT over the sensor nodes and analyzing the information on a main node.

INTRODUCTION

Mode parameters are critical parameters for structural health monitoring. It is related with the stiffness of all
of the columns of a building so any change on it can be a sign of a damage or risk [1]. Natural frequency and
mode shapes of a structure can be used for damage localization. In [2], frequency and mode shape based
damage localization algorithms are compared. There are different kinds of structural analyzing methods. Time
domain methods, frequency domain methods and time-frequency methods are being used. There are also
innovative approaches developed for analyzing structures. Taxonomy of damage detection and damage
localization algorithms are given in [3].

Frequency domain decomposition (FDD) technigue is introduced in [4]. Technique is used on a 2 story building
model with 6 degrees of freedom (DOF). FDD is also used for data fusion from sensor network. In [5] single
and multiple damage scenarios are studied while using FDD for data fusion.

Ibrahim Time Domain (ITD) method is introduced in [6]. Multi-reference Ibrahim Time Domain (MITD)
method introduced in [7] is used for determining modal parameters of a laboratory plexiglas plate. Other time
domain techniques are Stochastic Subspace Identification (SSI) [8] and Eigensystem Realization Algorithm
(ERA) [9].

Cohen class distribution [10], [11], wavelet transform [12], [13] and Empirical Mode Decomposition with
Hilbert Transform (EMD-HT) [14], [15] are examples of time-frequency techniques for damage detection.

There are also innovative techniques such as genetic algorithm [16], [17] and wavelet packet analysis [18],
[19] which are used in damage detection on structures.
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Matlab Simulink and SimMechanics tool can be used to model flexible bodies [20]. In [21], modeling a single
DOF mass spring system in Simscape is given. In [22], Simscape and finite element method is compared. In
[23], 17 DOF vehicle dynamics model is analyzed using SimMechanics.

Experimental works on SHM are carried on different kind of structures. In [24], 2 types of experiments are
taken; one with 3 story structure model in laboratory and second is taken on a bridge. In [25], wireless sensor
network is used to collect data from Golden Gate Bridge and autoregressive with moving average model is
used to estimate structural parameters.

There are researches on controlling structures with feedback from structural health monitoring. In [26], beam
structure is monitored with laser displacement sensor and controlled using piezoelectric patches. In [27],
optimal placing of piezoelectric sensors/actuators is investigated.

In the rest of this paper, 3 story 3 DOF building model is analyzed by theoretical calculations. Then, theoretical
calculations are compared using Matlab SimScape. After obtaining similar results, the model is excited by
varying input and peak picking method -which is one of modal parameter obtaining methods- is used and
compared by theoretically calculated parameters. As future work, applying the damage detection algorithms
which are introduced and controlling the vibration of a structure from monitoring data is being considered.

MATERIALS AND METHODS
THEORETICAL CALCULATIONS

Three-story building model given in Figure 1 is analyzed mathematically in this section. Natural frequencies
and modal vectors corresponding to these natural frequencies are obtained.

3
EILL u,
| == i
L m '
ELL 'i.|
[Tm
ELL

Figure 1: Three-story building model [28]

Three-story building model can be interpreted as mass spring system given in Figure 2.

u, u, | u,
T T

Figure 2: Mass spring equivalent of three-story building model [28]

Where spring stiffness k will be as (1) which is four times the stiffness of a single column. m is equal to the
mass of a story solid. E is elastic modulus, L is length and I is the cross-sectional area moment of inertia of a
column.
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Governing equation of motion becomes;
mii+ ku=0 (2)
Where
m, 0 0 2k -k 0
m=|ﬂ' m; U]andk=[—k 2k —k (3)
0 0 my 0 -k k
1y
= |, (4)
lig

(®)

By assuming a solution of = = Je/™® equation of motion becomes an eigenvalue problem.

[k—w*m]U=0
(2 —w?) -1 0 U,
k|l -1 (2—w?) -1 U, =0 (6)
0 -1 (1—w?)|\Us

ﬁ and in (6) W are eigenvalues, when the eigenvalues are calculated by taking the determinant

(7

Where iw® =
of the square matrix, corresponding natural frequencies can be obtained. Eigenvalues are given in (7).

w> = 0.1981,1.555,3.247

And corresponding natural frequencies are;
— |
— [k _ |_EI
w, = 0'4451%4' - E.GS*J — (8)
— |
— [k _ | EI
w, = 1.24?4 - 8.64_\} — 9
—
| EI (10)

(e
wy = 1.802 (== 125 [—
4 m 4] mi

If the natural frequencies that were found are placed in (5) corresponding U for each w can be found which is

the modal vector for each natural frequency.
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0.328 0.737 0.591
U%e =40591;, UY2 =14 0.328 {, U"= ={—-0.737 (11)
0.737 —0.591 0.328

The mode shapes corresponding to (11) are given in Figure 3.
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Figure 3: Mode shapes of three-story building model [28]

MODELLING AND SIMULATING IN MATLAB SIMSCAPE
In order to simulate the three story building MATLAB’s simscape tool is used. In simscape one story is
modeled as in Figure 4.

:u“»n-}.)r,ﬁ—@\
N\

Figure 4: Roof with columns as spring [28]

This one story is joined in simscape as a subsystem named as “Story” with top and bottom connections. Each
story consists of four column subsystems and a solid to model the story surface. Contents of “story” subsystem

is given in Figure 5.

Column3

T JTop

—{ Conn1 Conn2

»—— Conn1 Conn2
@_ Column2
Bottom

0] Bottom Top

' StoreySurface
Column1

Bottom Top

Column

Figure 5: Contents of one story model

“Column” subsystem consist of a mechanical spring model and a graphical column model. To model springs
prismatic joints with spring stiffness applied are used between reference position of the story and the story

solid. Contents of “column” subsystem is given in Figure 6.
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Rigid Rigid Prismatic Rigid
Transform1 Transform4 Joint3 Transform5
columnGr

7| Bottom Top [

Figure 6: Contents of column model

Spring stiffness setting of the prismatic joint is given in Figure 7.

1= Internal Mechanics
Equilibrium Pos...|0 m W
Spring Stiffness  |941.5 N/ W
Damping Coeffi... 0 M/ (my's) v

Figmtiré 7: Settings of the prismatic joint in column model

To graphically visualize each column “ColumnGr” subsystem is built. In this subsystem, two solids with
negligible weights are used which are free to motion axially on each other by prismatic joint with no stiffness
and their other sides are connected by revolute joints, one to lower story and the other one to the story it
belongs. Contents of the graphical model “ColumnGr” are given in Figure 8.

j_/fﬂi‘ B"'__.‘zF 3_‘?%5 oj:
= ¥ = '
) Rigid Prismatic Rigid Revolute Joint1
Revolute Joint Transform1 i Joint12 i Transform2 8
Rigid
Solid7 Solid8 Transform3

Rigid
Transform4
R o

Bottom

E

H

H?Tﬁ

5 }E._-? F

Figure 8: Contents of graphical model of one column

Once one story model (Figure 9) is completed 3 of these stories are cascaded together to simulate the theoretical
model in Figure 1.

oot _3_eo rederarayet

B ot 4 el rwwrenis b

FEEUIDS =

Conn1 Bottom Top

Ground Story1

Figure 9: Single story model and its simulation window

The cascaded subsystems are given in Figure 10.
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Conn1 [F—] Bottom Top [A—{] Bottom Top [ Bottom Top [H

Ground Story1 Story2 Story3

Figure 10: Cascaded story models

The model’s appearance in simulation window is given in Figure 11.

Figure 11: 3 stories cascaded model’s appearance

External input is needed in order to simulate and analyze the model. To simulate this input, an alternating fixed
frequency force is applied to one of the columns of the first story by using external input setting of the prismatic
joint of this column. Force is applied at theoretically calculated mode frequencies. When the force is applied
at the mode frequency, the building model’s oscillation magnitude increases exponentially. In Figure 12, from
top to bottom respectively position, velocity and acceleration data of the first floor and the external input are
given.
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Figure 12: Position, velocity and acceleration data of the first story and the external input

To monitor the model prismatic joint’s position output is selected in the simulation. Prismatic joint with force
input and position, velocity and acceleration outputs is given in Figure 13.

E E\lgg_

1
f iy A
Prismatic
Joint

Figure 13: Prismatic joint with force input and position output

RESULTS
ANALYZING THE MODEL AT THE MODE FREQUENCIES

Model is analyzed by changing the angular frequency for each simulation. At the natural frequencies model is
expected to resonate with mode shapes given in Figure 3. Natural frequencies for modes of the model can be
calculated by using equations (8) (9) and (10). Masses of all of the story surface solids are set to 1kg. By using
the stiffness of one column as 941.5 N/m (equivalent stiffness is 4 times of one column’s stiffness) natural
frequencies are calculated respectively as 27.31 rad/s, 76.53 rad/s and 110.6 rad/s.

After applying force at the calculated natural frequencies, model resonated with the mode shapes given in
Figure 14.
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Figure 14: Mode shapes obtained in simulation with fixed frequency force input

Modal vectors are calculated from simulation results of the positions of the stories and given in Table 1 by
comparing the theoretically calculated ones which are given in equation (11).

Table 1: Comparison of simulation results with theoretically calculated mode vectors

Theoretical Simulation Error
0.328 0.3268 -0.37%
Mode 1 0.591 0.5920 0.17%
0.737 0.7367 0.04%
0.737 0.7345 0.34%
Mode 2 0.328 0.3274 0.18%
-0.591 -0.5944 -0.58%
0.591 0.6007 -1.56%
Mode 3 -0.737 -0.7294 1.00%
0.328 0.3273 0.03%

VARYING FORCE INPUT AND PEAK PICKING METHOD

Before applying peak picking method. Firstly, external input changed to “chirp signal” whose frequency varies
linearly with time. In order to decrease the residual vibrations damping coefficients are added to column
mechanics which don’t affect mode frequencies and mode shapes. In peak picking method, Fast Fourier
Transform is applied to the sensor data. Peak points are found in the frequency domain and the corresponding
frequencies are found as the mode frequencies. Magnitudes of the peak points are used to find the mode vectors
for each frequency [4]. Flowchart of peak picking method is given in Figure 15.
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/Get acceleration data/
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Mode Frequency
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Calculate mode vectors
from peak points' magnitudes

Mode Vectors

Figure 15: Peak picking method flowchart

After the simulation is run, the first story’s position, velocity and acceleration data and the input force is shown
in Figure 16. It can be seen that there is 3 oscillation points for certain input frequencies.
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Figure 16: First story’s position, velocity and acceleration data and the input force

The acceleration data is taken as the sensor data and sensor data matrix is obtained by combining the column
vectors as;

a,[1] a;[1] a5[1]
Ace, = [a[K] ay[k] ay[k]]= [“l?] @l2] asl2] (12

a,[n] a.[n] ag[n]
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Here a; [ k] represents ith story’s acceleration data at kth time, each vector has n data points. After applying
FFT to the columns of this matrix, the FFT matrix is obtained as;

Acc,, = [Ay[w]  Az[w] Az[w]] (13)

Amplitude spectrum of the input force is given in Figure 17. Here it can be seen that the frequency of the input
force varies from 0 to 125 rad/s and the magnitude of the force stays approximately the same on this range of
frequency band.
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Figure 17: Amplitude spectrum of the input force

Fast Fourier transform is applied to the sensor data of each story. Sensor data’s transformed signals are given
in frequency domain. The first story’s acceleration signal’s FFT is given in Figure 18. There can be seen three
peak points which are at the natural frequencies.

Amplitude spectrum of the 1. floor acceleration

4L
°l /JL J'/[)
20 40 60 80

0 100 120 140 160

Frequency (rad/s)

Figure 18: The first story acceleration data

Second story acceleration data is given in Figure 19 which has peak points at the same frequencies as the first
story.
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Amplitude spectrum of the 2. floor acceleration
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Figure 19: The second story acceleration data

The third story’s acceleration data is given in Figure 20. The third story has the peak points at the same
frequencies with the first and the second stories.

Amplitude spectrum of the 3. floor acceleration

lacc, (w)|

0 20 40 60 80 100 120 140 160
Frequency (rad/s)

Figure 20: The third story acceleration data

Each of the three stories, had the peak points at the same frequencies which are mode frequencies. At mode 1
third story has the highest amplitude, at mode 2 first story has the highest amplitude and at mode 3 second
story has the highest amplitude. These are consistent with the mode shapes in Figure 3. From the simulations
it is seen that at the second natural frequency all of the stories have their maximum point which is a sign that
this frequency is the most destructive one.

Finding the local peak magnitudes of amplitudes of 4;[w] by using the MATLAB “findpeaks” fuction, gives
the acceleration magnitudes at the mode shapes and the locations of the peak values gives the mode
frequencies.

[Peak; Locations;] = findpeaks(|Acc,,(:,i)]) (14)

Mode frequencies can be found by using one of the ‘Locations’ vector and getting the frequency values at that
locations. As mentioned before, it can be seen that the peak locations are same for all of the stories which
means Locations, = Locations, = Locations, ,
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“f(locs(:,1))*2*pi” Matlab code uses the first story’s locations (locs) to find the mode frequencies in rad/s
from frequency vector f.

Mode frequencies of the first story found at peak locations respectively in rad/s are [26.998 76.699 111.060]
which are approximately the same with the calculated ones.

Before finding mode shapes from the peak magnitudes, the directions of the accelerations are needed.

Directions are found using the ‘angle’ function and then comparing the angles of the acceleration values’ FFTs
of each story at the same mode. Firstly, the first story is considered moving with direction value of 1 then the
first story’s angle is compared respectively with the angles of the second story and the third story at the same
mode frequency. If the angle of the compared story is approximately 180° with respect to the angle of the first
story, then the direction value’s sign of that story is reversed in sign.

Directions are found as [1 1 1] at mode 1, [1 1 -1] in mode 2 and [1 -1 1] in mode 3 where 1 represents the
right direction and -1 represents the left direction. Directions are the same as in Figure 3.

Using the peak magnitudes at the same mode frequency with the direction vectors at that frequency, mode
vectors are found as;

Mode vector for Mode 1: [0.3308 0.5895 0.7369]
Mode vector for Mode 2: [0.7348 0.3334 -0.5907]
Mode vector for Mode 3: [0.5905 -0.7346 0.3340]

Modal vectors are given in Table 2 by comparing the theoretically calculated ones which are given in Equation
(12).

Table 2: Comparison of peak picking method results with theoretically calculated mode vectors

Theoretical | Peak Picking | Error
0.328 0.3308 0.85%
Mode 1 0.591 0.5895 -0.25%
0.737 0.7369 -0.01%
0.737 0.7348 -0.30%
Mode 2 0.328 0.3334 1.65%
-0.591 -0.5907 -0.05%
0.591 0.5905 -0.08%
Mode 3 -0.737 -0.7346 -0.33%
0.328 0.3340 1.83%

CONCLUSION

In this study three story building model is built and analyzed in MATLAB Simulink using Simscape tool. After
building the model fixed frequency alternating force input is given to one column of the model with frequencies
calculated theoretically. After simulations at the mode frequencies, it is seen that the mode shapes are similar
to the theoretically calculated ones and mode vectors are calculated from simulation results with errors below
1.56%, results are given in Table 1. After the simulation with varying frequency input force and using peak
picking method mode shapes are found with errors below 1.83%. Mode frequencies are found with maximum
error of 1.16%, results are given in Table 2. As a result, it shows that this simulation model can be used to
analyze theoretical models. Subsystems are built in this study and these subsystems can lead ones in this field
to analyze building models with different numbers of stories or with different input force scenarios [29].
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Abstract

In recent years, studies performed by traditional methods in many branches of science have been replaced by
the method called as machine learning. Effects such as speed and low performance observed with traditional
methods are increased by using machine learning algorithms. In the field of real estate mass appraisal, machine
learning algorithms are often used, however, it is almost certainly not used in practice in Turkey. On the
contrary, mass appraisal by machine learning algorithms will provide both more accurate, impartial, and fast
results. For the first time in the literature, it was observed that Borst performed a mass appraisal study with
Acrtificial Neural Networks (ANN) algorithm, which is a machine learning algorithm, for the first time in 1991.
After this study, the number of studies using the ANN algorithm has increased. Researchers have observed in
their scientific publications that the ANN algorithm gives good results in real estate mass appraisal studies. On
the other hand, some researchers compared the ANN algorithm with some classical statistical methods
(hedonic, regression) in their studies and observed that ANN did not contribute much. As can be understood
from the literature, although there are many researchers who observe that ANN gives good results in mass
appraisal, there are some other researchers who claims that the ANN algorithm does not give good results. The
reason for this dilemma is due to the uncertainty and number of the variable, type of real estate the number of
the real estates. In this study, a mass appraisal is performed by the ANN method, and the results were compared
with the real values. In this study 180 number of flats and their 13 variables were collected in Yenimahalle,
Ankara. The training data selected randomly from 75% total flats. The reaming data were used for test
purposes. According to the results, a difference of at minimum 3,199TL, maximum 150,801 TL and averagely
50.000 TL were observed between the estimated value by the ANN algorithm and the real value. According
to these results, the ANN algorithm is a successful method in mass appraisal. The results showed that ANN
can be used for mass appraisal studies.

Keywords: Machine Learning, Artificial Neural Network, Mass Appraisal

Table 1. Mass appraisal by ANN results and real value comparison

D Real Value ANN Estimated D Real Value ANN Estimated ID Real Value ANN Estimated
(TL) Value (TL) (TL) Value (TL) (TL) Value (TL)
1 295000 209187 16 160000 155536 31 220000 196065
2 470000 552081 17 330000 312065 32 250000 273044
3 275000 387283 18 215000 209789 33 620000 469199
4 220000 206056 19 350000 357533 34 325000 408234
5 170000 242574 20 455000 480741 35 390000 382974
6 240000 209825 21 455000 496083 36 340000 447852
7 350000 241965 22 160000 184659 37 230000 296927
8 650000 634798 23 245000 201589 38 260000 223471
9 230000 280564 24 320000 415681 39 327000 336408
10 190000 170676 25 185000 204556 40 500000 455145
11 158000 170026 26 385000 428810 41 180000 221764
12 240000 227782 27 520000 671596 42 210000 236430
13 440000 391967 28 459000 462199 43 213000 223223
14 220000 181785 29 250000 288017 44 430000 518844
15 213000 251551 30 180000 160450 45 380000 337605
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ABSTRACT

Nowadays, there is a growing interest in the fabrication of cement-based fiber — incorporated sustainable
construction materials in accordance with the requirements of eco-friendly material production politics. This
paper presents an experimental investigation on the effect of cropped carbon fiber (CCF) incorporation on the
mechanical features of hybrid fly ash (HFA) mortar mixtures. For this purpose, a blend of Ordinary Portland
Cement (OPC) and fly ash (FA) was used in mortar mixtures as the binding material and four CCF contents
(0.15%, 0.3%, 0.45% and 0.6% of the binder mass) were designed to produce the HFA specimens. The
mechanical features of mortar specimens including flexural, compression and toughness behavior were
investigated at the early age of hydration. Results indicated that the incorporation of CCF into the mixtures
exerted not only an enhanced performance on flexural behavior, but also increased the toughness performance.
Moreover, deformation-based properties were deeply influenced by fiber inclusion compared to strength-based
properties. From an eco-friendly perspective, this work will explain enhanced understanding of the effect of
fiber inclusion on industrial by-product based cementitious materials.

Key words: cropped carbon fiber, fly ash, mortar, pre-peak toughness, post-peak toughness.

OZET

Giiniimiizde, ¢evre-dostu malzeme iiretim politikalarinin gerekliliklerine uygun olarak ¢imento esash elyaf —
ilaveli siirdiiriilebilir yapt malzemeleri iiretimine olan ilgi artmaktadir. Bu ¢alismada, kirpilmis karbon fiber
ilavesinin hibrit ugucu kiil har¢ karigimlarinin mekanik &zellikleri lizerindeki etkisi deneysel olarak
incelenmektedir. Bu amagla, har¢ karigimlarinda baglayici malzeme olarak portland ¢imentosu ve ugucu kiil
harmani kullanilmis ve baglayict malzeme agirhiginca dort farkli katki oranlarinda (0.15%, 0.3%, 0.45% and
0.6%) fiber katkil1 hibrit ugucu kiil har¢ numuneleri tiretilmistir. Har¢ numunelerinin egilme, basing ve tokluk
gibi mekanik 6zellikleri hidrasyonun erken donemimde arastirilmistir. Caligmadan elde edilen sonuglar,
karbon fiber igeriginin karigimlara dahil edilmesinin numunelerin sadece egilme performansin
gelistirmedigini, aym zamanda tokluk performansini da derinden etkiledigini gostermistir. Ilaveten,
deformasyona dayali numune 6zellikleri, mukavemete dayali numune 6zelliklerine kiyasla fiber ilavesinden
daha ¢ok etkilenmistir. Cevre-dostu bir bakis agisiyla, bu ¢alisma, fiber ilavesinin endiistriyel yan tiriin kokenli
¢imento esasli malzemelerin tasarimi iizerindeki etkisinin daha iyi anlagilmasini agiklayacaktir.

Anahtar kelimeler: kirpilmig karbon fiber, ugucu kiil, harg, pik-oncesi tokluk, pik-sonrasi tokluk.

1.INTRODUCTION

Production of OPC leads to 8-9% of global total greenhouse gas emissions and the utilization of eco-friendly
binders in cement-based material fabrication is an urgent issue in order to contribute to sustainability targets
[1]. For this purpose, inclusion of industrial by-products into calcium-silicate based construction materials is
one of the effective solutions to reduce the detrimental effect of OPC on environment [2].
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FA is an industrial by-product of coal industry and has a potential to be used in binder content as a partial
replacement of OPC due to its pozzolanic features [3]. Moreover, an enhanced mechanical performance could
be easily achieved by the activation process of waste-based binder in hybrid mixtures. In general, the activation
process contributes to the hardening mechanism and strength-based properties by the reactions of aluminate
and silicate source of binder with incorporated alkali-content [4].

Incorporation of carbon fibers into cement-based mixtures also can provide remarkable improvement on
mechanical properties [5]. Ductility, toughness and impact resistance properties could be improved due to the
changes in the characteristics of brittle cement matrix by fiber inclusion [6]. This paper discusses the effect of
CCF addition on strength and deformation-based properties of HFA mortars at early stage of hydration.

2.MATERIALS AND METHODS
2.1.Materials and mixtures
The main components of the mortar specimens herein produced are:

A hybrid binding material including CEM 1 42.5 OPC and FA.

Tap water

CEN Standard sand in accordance with TS EN 196-1 [7].

Commercial powder-form sodium carbonate (Na,COs3) for the alkali activation of FA.
CCF with a diameter of 7.2 pm. The length of the fiber was 6 mm.

In preparing the HFA mixtures, the mix ratio by mass for the specimens was binder/water/ /sand /alkali
activator =1:0.5:3:0.015. CCF was incorporated into the HFA mixtures at four contents (0.15%, 0.3%, 0.45%
and 0.6% of the binder mass). Table 1 presents the mortar mixing proportions.

Table 1. Mortar mixing proportions for HFA specimens.

. CCF OPC FA Activator Water | Sand
Specimen w/b
(wWo%) | (W%) | (W%) (9) (ml) 9
FA-0 0
FA -0.15 0.15
FA -0.3 0.3 50 50 6.75 0.5 225 1350
FA -0.45 0.45
FA -0.6 0.6

2.2. Sample preparation and testing

Specimens with size of 4 x 4 x 16 cm were casted from the mixtures presented in Table 1. Three sets of
specimens were fabricated from each mixture. Following day, the specimens were demolded and cured at
65% + 5 relative humidity and 21 + 1 °C temperature for 7 days.

The mechanical tests of the specimens were conducted at the age of 7 days according to TS EN 1015-11 [8].
At first, the flexural strength test was performed on the prismatic specimens by three-point loading test. Then,
the compressive strength test was performed using semi-samples remained from flexural tests. Axial
displacements were also recorded by using external linear variable differential transducers during the
compression test.
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3. TEST RESULTS AND DISCUSSIONS

3.1. Flexural strength
Fig.1 presents the flexural strength test results of HFA mortar specimens at 7 days.
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o
3.1
3.05
o

3
2.95
29

2.85
FA-0 FA-D.15 FA-0.3 FA-D.45 FA-0.6
Sample ID

3.06

Flexural strength (MPa)

Fig.1. 7- day flexural strength test results.

As seen in Fig. 1, test results indicated that there is a potential for utilizing CCF up to a maximum inclusion
rate of 0.6% in HFA mixtures in terms of a developed flexural performance. FA-0 specimen achieved a
flexural strength of 3.0 MPa. The flexural strengths of the CCF- incorporated HFA mortar specimens were
higher than that of the control specimen at levels of 8.33%, 4.0%, 4.33% and 2.0% for inclusion rates of 0.15%,
0.3%, 0.45% and 0.6%, respectively. Due to a higher modulus of elasticity with respect to other calcium-
silicate hydrated particles in cement matrix, CCF- incorporated zones significantly retard the formation of
initial cracks under loading due to their higher flexural resistance [9]. However, it is worth to state that a higher
amount of CCF could not result in a higher flexural strength as the maximum flexural strength was found at
FA-0.15.

3.2. Compression
Fig.2 depicts the deformation behavior of HFA mortar specimens in compression at 7 days.

| —FA-0 ——FA-015 ——FA-03 FA-045 ——TFA-06 |

Stress (MPa)

0 0.001 0.002 0.003
Strain (mm/mm)

Fig.2. 7- day stress-strain curves detected at HFA mortar samples.

/156



ISPEC INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES-9

After 7 days of curing, CCF-free control specimen attained a strength of 11.74 MPa. The HFA mortar
specimens containing CCF exhibited a higher compressive strength value during the same period. However,
the increase rate of the strength was not exactly proportional to the increase rate of the CCF. Highest
compressive strength was detected in the 0.6% CCF-incorporated specimens (12.0 MPa) followed by those
prepared with 0.3% CCF (11.98 MPa), 0.15% CCF (11.93 MPa) and 0.45 CCF (11.8 MPa). The results
indicated that the positive effect of CCF could not be explained by only the increment rate of CCF in mixtures
and other contributing factors should be taken into consideration. On the other hand, the changes in other
mechanical properties were more striking in comparison to strength enhancements and it was essential to focus
not only on the change on strength values but also the ductility and toughness features.

B Relative post-peak toughness capacity (%)

Relative compressive pre-peak toughness capacity (%)
B Relative compressive toughness capacity (%)

Relative ultimate strain capacity (%)
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Fig.3. Relative changes in various mechanical properties of HFA samples.

Based on the relationships obtained for 7- day compression results, Fig.3 depicts the changes in various
mechanical properties. As seen in the figure, no toughness enhancement was detected in FA-0.15 in
comparison to control case. This was exactly due to the fact that the ultimate strain capacity was lower in the
inclusion content of 0.15%. On the other hand, maximum ultimate strain ability was determined at a content
of 0.3%. Thus, a 88.65% enhancement in total toughness ability with also a major improvement in post — peak
toughness ability was detected in FA-0.3 specimen. Similarly, a development in ultimate strain capacity at a
level of 36.07% resulted in a 48.45% enhancement in toughness including a double times post — peak
toughness development in the FA-0.45 compared to control case. Moreover, even though a lower toughness
improvement was detected in FA-0.6 specimen compared to FA-0.3 and FA-0.45 specimens, the toughness
capacity was 14.43% higher than the control case. At this point, results demonstrate that a content of CCF
higher than 0.15% leads to a remarkable increase in deformation-based features but not in proportion to the
inclusion rate of CCF.
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3.3. Distribution of fibers

The cross-sectional fracture surfaces of halved specimens are presented in Fig.4.

i e g . s S s s

Fig.4. Cross-section fracture images of hybrid FA mortar specimens.

Fig.4 clearly shows that FA-0.15 mortar specimen had a porous matrix even clearly seen in fracture surface.
At this point, detecting the lower toughness capacities compared to FA-0 was expected. As observed in the
fracture surface, FA-0.3 and FA-0.45 specimens exhibited a good pattern of CCF distribution. Therefore, the
good distribution of fibers was led to the highest toughness and post-peak toughness in those specimens. In
the same way, the poor distribution of fibers resulted a lower mechanical performance in FA-0.6 despite the
higher content of CCF.
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4, CONCLUSIONS
The conclusions can be summarized as:

e The addition of CCF results in an enhancement in flexural strength up to 8.33% at 7- day samples.

e The change in the compressive strength was quite limited. Strengths of HFA mortars are increased by
up to 2.21%.

o Deformation-based properties were deeply influenced by fiber inclusion compared to strength-based
properties.

e The inclusion of CCF affords a more ductile mode of failure in compression. At a fiber content of
0.3%, the toughness and post-peak toughness of specimens are increased by 88.65% and 202.38%,
respectively.

e A better distribution of fibers at a lower content is preferable to a non-uniform fiber orientation in the
cement matrix at a higher content.
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ABSTRACT

Historical masonry structures are the sum of our past experiences that reflect our cultural values. These
structures carry our existence and civilization to future generations. Specific analysis should be done to
conserve, strengthen and move them forward. In this study, it is aimed to model the chosen Cardak caravanserai
in accordance with the finite element method and to apply linear analysis. After the literature search was made
for the material properties of the historical structure in Denizli, these properties were taken according to the
data. SAP2000 v20.2 finite element software was used for modeling and structural analyses. In the modeling,
while frame elements were applied in columns, shell elements were used in other structural elements.
Conducted the linear analyses in terms of evaluating the building are self-weight analysis, modal analysis and
response spectrum analysis. Self-weight analysis, indicating the current state of the structure, has been done
under dead loads. Modal analysis enabled the determination of the free vibration period, mode shapes and
mass participation ratios of the structure. In response spectrum analysis, it was made according to Turkish
Seismic Design Code 2018, and the mode combination method was applied based on the linear calculation
method. According to the analysis, the monument was evaluated under dead load and earthquake loads in x
and y directions. The structural elements exceeding compressive, tensile and shear stresses have been defined
as critical sections, and recommendations have been made for further investigation of these structural elements.

Key words: Masonry Structures, Caravanserai, Modeling, Self-Weight, Modal and Response Spectrum
Analyses

OZET

Tarihi yigma yapilar, kiiltiirel degerlerimizi yansitan ge¢mis deneyimlerimizin toplamidir. Bu yapilar
varligimizi ve medeniyetimizi gelecek nesillere tagir. Bunlar1 korumak, giiglendirmek ve ilerletmek igin belirli
analizler yapilmalidir. Bu c¢alismada, secilen Cardak kervansaraymin sonlu elemanlar yontemine gore
modellenmesi ve dogrusal analizin uygulanmas1 amaglanmistir. Denizli'deki tarihi yapinin malzeme 6zellikleri
icin literatiir taramas1 yapildiktan sonra bu 6zellikler verilere gére alimmistir. Modelleme ve yapisal analizler
icin SAP2000 v20.2 sonlu eleman yazilimi kullanilmigtir. Modellemede kolonlarda ¢ubuk elemanlari
uygulanirken, diger yapisal elemanlarda kabuk elemanlar kullanilmistir. Yapinin degerlendirilmesi agisindan
dogrusal analizler, yapinin kendi agirligi altinda analizi, modal analiz ve davramis spektrumu analizidir.
Yapinin mevcut durumunu gosteren kendi agirligi altinda analizi, 6l yiikler altinda yapilmistir. Modal analiz,
yapinin serbest titresim periyodunun, mod sekillerinin ve kiitle katilim oranlarinin belirlenmesini saglamistir.
Davranis spektrumu analizinde Deprem Yo6netmeligi 2018'e gore yapilmis ve dogrusal hesaplama yontemine
gore mod birlestirme yontemi uygulanmustir. Analize gore anit, X ve y yonlerinde 6lii yiik ve deprem yiikleri
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altinda degerlendirilmistir. Basing, ¢ekme ve kayma gerilmelerini asan yapisal elemanlar kritik boliimler
olarak tanimlanmis ve bu yapisal elemanlarin daha detayli incelenmesi i¢in 6nerilerde bulunulmustur.

Anahtar Kelimeler: Yigma Yapilar, Kervansaray, Modelleme, Kendi Agirligi Altinda, Modal ve Davranig
Spectrum Analizleri

1. INTRODUCTION

Cardak caravanserai in Denizli, known as Han-abad, was built by Esediiddin Ayaz bin Abdullah Es-Sihabi in
1230 during Alaeddin Keykubad period. The caravanserai is 55 km to the east of Denizli and 300 m to the
north of Denizli-Afyon highway, connected to Cardak province. It continued to be used during the Beylik and
Ottoman periods. Han-abad was used for cereal storage during World War 1 (1914-1918) and the Turkish War
of Independence (1920-1922).1 Shortly after that, the local people used it as a sheepfold.[?! The 800 year-old
monument has suffered many earthquakes and it has been subjected to excavations and restoration works
throughout history. It was restored in the 1920s. Excavations were carried out at the caravanserai in 2006. The
restoration works have continued, which started in 2017.

Many studies have been studied on Cardak caravanserai in terms of artistic and architecture. The current state
of the historical building and its analysis under earthquake load was conducted as a thesis study in 2019 and it
was edited as an article.

2. STRUCTURAL SYSTEM OF CARDAK CARAVANSERAI

The monument located in the east west direction is formed a rectangular courtyard (32.27 m in length, 31.16
m in width) with building ruins and a prismatic shelter (29.23 m in length, 26 m in height) entered from the
courtyard (Figure 2.1). The northern part of the courtyard is in ruins. These parts consist of various functions
such as the bath, kitchen, storage, workshop, staff room and iwan. The shelter to the west of the courtyard is a
vaulted building consisting of a single space. The length and weight of the shelter are 29.23 m. and 26 m.,
respectively. There are five barrel-vaulted galleries in the east-west direc