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CONFERENCE ID

BURSA
3RD INTERNATIONAL CONFERENCE ON MATHEMATICS AND
ENGINEERING

DATE - PLACE
SEPTEMBER 20 - 22, 2024

BURSA

ORGANIIZATION
ACADEMY GLOBAL CONFERENCES

EVALUATION PROCESS
All applications have undergone a double-blind peer review process.

PARTICIPATING COUNTRIES
Turkey — Kazakhstan — Japan — Mongolia- Taiwan- Singapore- China- Vietnam- South
Korea- South Africa- Bangladesh- Pakistan-

PRESENTATION

Oral and Poster presentation

PERCENTAGE OF PARTICIPATION
At the conference, 6 paprs were presented by participants from Turkey and 22 papers
by foreign participants.
Members of the organizing committees of the conference perform their duties with an
"official assignment letter™
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Scientific & Review Committee

Prof. Dr. Ali BILGILI — Turkiye
Prof. Dr. Naile BILGILI — Tiirkiye
Prof. Dr. Basak HANEDAN - Tiirkiye
Prof. Dr. Hiilya Cicek KANBUR — Turkiye
Prof. Dr. Emine KOCA — Turkiye
Prof. Dr. Fatma KOC — Turkiye
Prof Dr. Biilent KURTISOGLU — Turkiye
Prof. Dr. Hajar Huseynova — Azerbaijan
Prof. Dr. Dwi SULISWORO — Indonesia
Prof. Dr. Natalia LATYGINA — Ukraina
Prof. Dr. Yunir ABDRAHIMOV — Russia
Prof. Muntazir MEHDI — Pakistan
Prof. Dr. Raihan YUSOPH — Philippines
Prof. Dr. Akbar VALADBIGI — Iran
Prof. Dr. F. Oben URU — Turkiye
Prof. Dr. T.Venkat Narayana RAO — India
Prof. Dr. Izzet GUMUS — Turkiye
Prof. Dr. Mustafa BAYRAM — Turkiye
Prof. Dr. Saim Zeki BOSTAN — Turkiye
Prof. Dr. Hyeonjin Lee — China
Assoc. Prof. Dr. Abdulsemet AYDIN — Turkiye
Assoc. Prof. Dr. Mehmet Firat BARAN - Turkiye
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Assoc. Prof. Dr. Dini Yuniarti — Indonesia
Assoc. Prof. Dr. Umit AYATA — Turkiye
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Assoc. Prof. Dr. Fahriye Emgili — Turkiye
Assoc. Prof. Dr. Sandeep GUPTA — India
Assoc. Prof. Dr. Veysel PARLAK — Turkiye
Assoc. Prof. Dr. Mahmut ISLAMOGLU — Turkiye
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Assist. Prof. K. R. PADMA — India
Assist. Prof. Dr. Omid AFGHAN - Afghanistan
Assist. Prof. Dr. Maha Hamdan ALANAZI - Saudi Arabia
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Assist. Prof. Dr. Amina Salihi BAYERO — Nigeria
Assist. Prof. Dr. Baurcan BOTAKARAEYV - Kazakhstan
Assist. Prof. Dr. Ahmad Sharif FAKHEER - Jordania
Assist. Prof. Dr. Giiltekin GURCAY — Turkiye
Assist. Prof. Dr. Dody HARTANTO - Indonesia
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ATATURK UNIVERSITESI REKTORLUGU d‘\ *
Personel Daire Baskanlig1 {
Sayt : E-16710634-03-903.07.02-2300384284 01.12.2023

Konu : Dog¢.Dr.Elif AKPINAR
KULEKCI'nin Gérevlendirilmesi

MIMARLIK VE TASARIM FAKULTESI DEKANLIGINA

llgi : 29.11.2023 tarihli ve E-53120705-000-2300381989 sayili belge.

Fakiilteniz Peyzaj Mimarlig1 Boliimii 6gretim iiyelerinden Dog¢.Dr.Elif AKPINAR
KULEKCI'in, Yiiksekogretim Genel Kurulunun 15.06.2023 tarihli, 10 sayil1 oturumunda
alinan 2023.10.183 sayil1 karar1 geregince Dogentlik Basvuru Sartlarinda bulunan ve dogent
olacak adaylardan istenen "Diger uluslararasi/ ulusal bilimsel toplantinin diizenleme
komitesinde resmi olarak gorevlendirilmis liniversite akademisyen temsilcisi bulunmasi
zorunludur." maddesi geregince, Academy Global Conference & Journals tarafindan yapilan
kongrelerin diizenleme kurullarinda yolluksuz ve giindeliksiz olarak goérevlendirilmesi
Rektorliigiimiizce uygun goriilmiistiir.

Bilgilerini ve geregini rica ederim.

Prof.Dr. Omer COMAKLI

Rektor
Bu belge, guvenli elektronik imza ile imzalanmistir.
Dogrulama Kodu: 87c7a395-d4h6-4f7a-abc6-5dee8674e3d1 Dogrulama Adresi: https://www.turkiye.gov.tr/ataturk-universitesi-ebys
Atattrk Universitesi Rektorlugu 25240 Erzurum Bilgi: Mehmet KOG gameriae
Tel: +90 442 2311023 Faks: +90 442 2361014 i
Elektronik AJ: www.atauni.edu.tr E-Posta: personel@atauni.edu.tr i3

Kep Adresi: atauni@hs01.kep.tr
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BURSA 3" INTERNATIONAL CONFERENCE ON HUMANITY AND
SOCIAL SCIENCES
BURSA 3" INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH
SCIENCES
BURSA 3" INTERNATIONAL CONFERENCE ON MATHEMATIC AND
ENGINEERING
ARTDergi 2™ INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA

Kongre Baglant1 Linki :

Join Zoom Meeting
https://us06web.zoom.us/j/81604584722?pwd=y2kFvDBwWS8AEhxbZ5eSknY VkdXt0yTt.1
Meeting ID: 816 0458 4722
Passcode: 202224
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ONEMLIi ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantisi i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini kullanabilirsiniz.

e  Oturum icerisinde en KIDEMLI olan moderator olarak secilir. Moderatriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizt adinizin dniine asagidaki gibi ekleyiniz. Bu sayede kongre acilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin agilmamasinit moderatdrler temin edecektir.

Sunum sonrasi 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda agik olmak zorundadir.

Sunum yapan katilimecinin kamerasi agik olmak zorundadir.

e  Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamus olan katilimerya sertifika verilmesi ve
¢aligmasinin yaymlanmasi sézkonusu olamaz.

e  Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilmcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite simri nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

IMPORTANT, PLEASE READ CAREFULLY

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

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

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

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

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

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

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

TECHNICAL INFORMATION

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

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

e  Attendance certificates will be sent to you as pdf at the end of the congress.

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

e  Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals
gy

ACADEMY *
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BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING
ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA

Meeting ID: 816 0458 4722 Passcode: 202224
21 Eyliil / September 21, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 SEKILENDIRMEDE YENI BiR TARIH: 3D YAZICILAR VE HALIL IBRAHIM
SERAMIK FORM CAKMAK
2 RENKLI SIR TEKNIGINE CAGDAS YAKLASIMLAR Tugge DILBER
3 TURK KULTURUNDE VE CANAKKALE SERAMIKLERINDE | o\ jpuiaN

CARKI FELEK MOTIF1

=
172]
- Q LIFE, FICTION AND PARANOIA IN THE DIGITAL AGE:
> - 4 WHERE ARE WE IN TERMS OF DYSTOPIAN FILM Prof. Dr. HUSEYIN KOSE
@) Z LANDSCAPES AND HUXLEYAN PROPHECY?
: |z
@ 3 FERDINAND DE SAUSSURE : GOSTERGEBILIM, Dr. Ogr. Uyesi Riiveyda
il = 5 GOSTERGENIN DEGISEBILIRLIGINI KULTURLER ARASI Hicran CEBI
:(I 2 BAGLAMDA INCELEME Gokhan KALENDER
=)
R
& 6 BURSA’DA HAYVAN TURLERININ ADLARINI ALMIS Dr. Ogretim Uyesi Ebru
TURBELER ve MEZARLAR Yildirim
7 UST ORTUSU KIREMIT OLAN BURSA TURBELER] Dr. Ogretim Uyesi Ebru
Yildirim
8 COPPER VESSELS IN RIZE CULINARY CULTURE Ars. Gor. Dr. Keziban

SELCUK
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BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING
ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA

Meeting ID: 816 0458 4722 Passcode: 202224

21 Eyliil / September 21, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DA LAT THROUGH THE EYES OF DOMESTIC TOURISTS - My-Kim Thi LE
1 UNDERSTANDING DESTINATION IMAGE AND TRAVEL Que-Nhu DUONG
EXPERIENCES Nam-Khang Tri NGUYEN
9 A STUDY ON THE SELECTION OF SHIP MANAGEMENT Dr. Ogretim Uyesi, Ozan
COMPANIES Hikmet ARICAN
— RECOGNITION OF BEARER PLANTS UNDER TAS 16 Dr. Ogr. Uyesi Mehmet
Q 3 TANGIBLE FIXED ASSETS STANDARD: APPLICATION INA | Murat GUTNU
o~ j GRAPE PRODUCTION ENTERPRISE
Z a
S |z
< 7 THE RELATIONSHIP BETWEEN POPULISM AND e
% = 4 MIGRATION: CASE OF THE JAPAN FIRST PARTY Dr. Ogr. Uyesi Ali CICEK
-~ p—
| -
= L
% (=) STRATEGIC COMMUNICATION IN THE 21ST CENTURY: AN o )
53 5 ATTEMPT AT A THEORETICAL ANALYSIS OF SOFT AND Dr. Ogr. Uyesi Ali CICEK
8 SMART POWER
6 TURKIYE’DE KALKINMA GOSTERGELERI ILE VERGI Dog. Dr. Ulvi SANDALCI
YAPISI ILiSKiSi Dog. Dr. inci SANDALCI
7 SOSYAL HARCAMALAR ILE YASAM MEMNUNIYETI Dog. Dr. Ulvi SANDALCI
ARASINDAKI ILISKIYE YONELIK BiR ARASTIRMA Dog. Dr. Inci SANDALCI
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BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING
ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA

Meeting ID: 816 0458 4722 Passcode: 202224

21 Eyliil / September 21, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Ana Koceva, PhD
1 REGIONAL VARIETIES OF ENGLISH &LISTENING xf;gfoiizéok‘fpm
COMPREHENSION SKILLS OF EFL UNIVERSITY STUDENTS | o - - Jovanovska, PhD
Simona Serafimovska, MA
Yiiksek Lisans Ogrencisi,
@ ERKEN COCUKLUK DONEMINDE UYGULANAN STEM VE EMINE DERYA
g 2 STEAM ETKINLIKLERININ 21.YUZYIL BECERILERINE KORKMAZ
& OLAN ETKISININ INCELENMESI Dog.Dr, ALI
= KAHRAMANOGLU
™ B ~
pd < [LKOKUL CAGI PIYANO EGITIMINDE STACCATO grf)‘}a%?EaCKa han
3 @ 3 TEKNIGININ OGRETILMESI VE OYUNLASTIRMA KURTULDU Y
< ‘5 YAKLASIMININ ETKiSI
v Z
~ .
_ — Ozcan GENC
| D_ 4 KUCUK YAS PIYANO EGITIMINDE UCLEME NOTA Prof. Dr. M. Kayhan
% % KUMESININ RiTIM CALISMALARI iLE OGRETILMESI KURTULDU
x
3]
2 JINAS AND ITS POETIC FUNCTION Assoc. Prof. Dr. Nazile
2 5 IN THE GHAZALS OF 20TH CENTURY POET ALIAGHA oo
< Abdullazade
VAHID
5 YASLILARLA GECIRILEN ZAMANIN YASLI 2‘:;3;5555
AYRIMCILIGINA ETKISI
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BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING

ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA
Meeting ID: 816 0458 4722 Passcode: 202224
21 Eyliil / September 21, 2024 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

Dr. Ogr. Uyesi Abdulhalim

1 Tefsirde Tasterl Yontemi ABDULLAH

Dr. Ogr. Uyesi Abdulhalim
2 Kur’an’daki Diizenin Estetikleri ABDULLAH,

=
O
%
3
<«
= E‘ Dog. Dr. Halit Boz,
@) =
s |&
w - i
- 2 3 THE ISSUE OF THE EXISTENCE OF THE AFTERLIFE Dog. Dr. Mehmet Ciineyt
- GOKCE
- S
< =
I .
1 .
= 4 JUDGMENTDAY AND AFTERLIFE Dog. Dr. Mehmet Ciineyt
R GOKCE
(=]
a

{)SEQLI\JAS IJUKUK DOKTRININDE HUKUMDE DEGISIM Mehmet Yasin KOCAK
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BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING
ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA

Meeting ID: 816 0458 4722 Passcode: 202224
21 Eyliil / September 21, 2024 / 11:30 — 13:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE DYNAMICS OF LANGUAGE LEARNING: A GROUNDED
1 THEORY PERSPECTIVE Anna Lukas
ENHANCING COGNITIVE FUNCTION THROUGH
2 IMPROVISATION IN CARNATIC MUSIC: A Ananya Sharma,
COMPREHENSIVE ANALYSIS Luciana Dias
REVISITING OBJECT RELATIONS IN ARABIC SYNTAX . .
3 Kofi Osei
o COMPARATIVE ANALYSIS OF AFFRICATE INITIAL Elena Novak
= < 4 CONSONANTS IN MANDARIN AND SLOVAK LANGUAGES :
£ Ming Zhao
o e
| [}
< <
n w PREDICTIVE ANALYSIS OF SOLAR ENERGY TRENDS IN
~ g 5 EGYPT BY 2035 USING A DYNAMIC BAYESIAN Victor J. Leclerc,
- = FRAMEWORK Nia K. Tsegaye
< c
T <
ANALYZING STOP CONSONANTS IN MANDARIN CHINESE
6 AND SLOVAK: A COMPARATIVE STUDY USING PRAAT Helena Novak
NEW PERSPECTIVES ON THRESHOLD CONCEPTS IN
7 TESOL: A THEMATIC EXPLORATION OF DISCIPLINARY Laura Schmidt,
CORE PRINCIPLES Michael Rossi
EXPLORING ARCHITECTURAL TYPOLOGIES THROUGH
8 THE AFFORDANCE THEORY Thomas Schmidt
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BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING
ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION
September 20 - 22, 2024
BURSA

Meeting ID: 816 0458 4722 Passcode: 202224
21 Eyliil / September 21, 2024 / 11:30 — 13:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

ENHANCING SUSTAINABLE DECISION MAKING THROUGH | Assoc. Prof. Dr. Alisher
1 THOUGHTFUL INTELLIGENCE Rahmatov,
Darya Kholmatova

THE SIGNIFICANCE OF BIRTHDAYS: AN ANALYTICAL
STUDY OF RITUALS AND SOCIAL DYNAMICS IN GLOBAL Arun Rathasak, Nattapong
CULTURES Mahakot

COMPARATIVE ANALYSIS OF DIGITAL AND

3 CONVENTIONAL POLICY POSITIONS: INSIGHTS FROM A i‘:}gﬁ]’gaprceﬁgith?ﬁ
THAI POLITICAL LANDSCAPE vapong,

>
=] Naree Thongyoo
©
g THE CULTURAL AND SOCIAL SIGNIFICANCE OF
© § 4 BIRTHDAY CELEBRATIONS: A COMPARATIVE ANALYSIS Faisal Al-Harthy, Aisha Al-
% - ACROSS DIVERSE SOCIETIES Maawali
[«b]
2 | &
2 < LANGUAGE POLICY AND NATION BUILDING: LESSONS Sami Al-Farsi
- = 5 FROM SOUTH ASIA AND BEYOND .
O o) Omar Al-Harbi
< =
T o
0—_ ANALYZING PUBLIC SECTOR CORRUPTION IN NIGERIA:
8 6 INSIGHTS FROM INSIDERS ON ITS NATURE, Amina Al-Said, Omar Al-
! CHARACTERISTICS, AND CORE CAUSES Mansoori
<
ENHANCING CRIME MODELING WITH A GOAL-ORIENTED .
Ahmad Al-Momani,
7 FRAMEWORK - .
Fatima EI-Amin
8
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Meeting ID: 816 0458 4722 Passcode: 202224
21 Eyliil / September 21, 2024 / 11:30 — 13:30 Time zone in Turkey (GMT+3)

ARTDergi 2nd INTERNATIONAL GROUP EXHIBITION

September 20 - 22, 2024
BURSA

BURSA 3rd INTERNATIONAL CONFERENCE ON HUMANITY AND SOCIAL SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON SPORTS AND HEALTH SCIENCES
BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATIC AND ENGINEERING

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ADVANCED INTUITIONISTIC FUZZY VIKOR APPROACH Dara Vannak. Sopheak
FOR GROUP DECISION-MAKING IN SUPPLIER SELECTION & S0P
Chan, and Kimsan So
THE INFLUENCE OF CULTURAL DIFFERENCES ON Aisuluu Tulegenova
TOURIST EVALUATIONS OF HOTEL SERVICE QUALITY Kamil Akhmetov
INTEGRATIVE APPROACHES FOR SUSTAINABLE
HERITAGE MANAGEMENT: COMMUNITY ENGAGEMENT Omar Al-Farisi,
AND TRANSPARENT PLANNING Ayesha Al-Khalifa
ENHANCING URBAN DENSIFICATION THROUGH
. INNOVATIVE ROAD INFRASTRUCTURE PLANNING IN THE L Khalil. A. Fadl
) LEBANESE CONTEXT ' T y
~ >
=z PN UNVEILING COLOR SYMBOLISM: AN EXPLORATORY
o 2 STUDY OF GOOD AND EVIL THROUGH VISUAL Amir Rafiq
:(' = INTERPRETATION Dr. Li Na Zhang
n ™
- (=]
j “é‘ ASSESSING THE INFLUENCE OF DESTINATION R A Aziz
< E CHARACTERISTICS ON COASTAL TOURISTS' H. L. Tan !
T % EXPERIENCES: A CASE STUDY OF LANGKAWI, MALAYSIA M. N. Rahman
a
<
THE IMPACT OF POSITIVE EMOTIONAL STATES ON
COGNITIVE DISSONANCE IN ONLINE IMPULSE R. Schmidt,
PURCHASES: A EUROPEAN PERSPECTIVE Jan Klein
ENHANCING ORGANIZATIONAL PERFORMANCE R. Sousa
THROUGH SOCIAL AND CIVIC COMPETENCIES M Pereilla

EXPLORING KEY CONCEPTS AND DEBATES IN
SUSTAINABLE TOURISM

Assis. Prof. Dr. Elise
Miiller,
Dr. Luca Rossi
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THE ROLE OF SOCIAL CONTROL IN RESPONSE TO
1 POLITICAL DEVIANCE: THE CASE OF MORDECHAI Jing Wei
VANUNU IN ISRAELI SOCIETY Y
NAVIGATING THE BOUNDARIES: THE DYNAMICS OF FREE Zalina Zhang
2 EXPRESSION IN ASIAN JURISPRUDENCE Arjun Patel
EVOLUTION OF DE-ESCALATION UNDERSTANDING
3 AMONG STUDENTS IN PROFESSIONAL LAW Prof. Dr. Li Wei
ENFORCEMENT TRAINING T !
THE INFLUENCE OF GLOBALIZATION ON THE EVOLUTION
4 OF INDONESIA’S EMERGING INDUSTRIES Dian Rahmadani
® 5
Z § GOVERNMENT INITIATIVES FOR THE REINTEGRATION OF
@) h 5 HUMAN TRAFFICKING SURVIVORS: A CASE STUDY OF Raden Permadi
;(' @ VIETNAM Sri Widati
©
w c
~ @
| >
2‘ © INVESTIGATING ENVIRONMENTAL EMOTIVE TRIGGERS
T § 6 IN EXTREMIST PROPAGANDA Mihaela Petrescu
L
EXPLORING DUAL LAYERS OF FOOD SAFETY AND GMO
7 CHALLENGES IN ROMANIAN AGRICULTURAL LAW Andrei Popescu
OPTIMIZING THE OUR EYES INITIATIVE: A STRATEGIC Efitt‘l;'é?r’:qoi;’r'ova
8 APPROACH TO COUNTER-TERRORISM IN ASEAN Georgi Stoyanov,
Elena Kirova
ENHANCING KANT’S CONCEPTION OF HUMAN DIGNITY: Elena Van der Meer
9 INTEGRATING SINGULARITY WITHIN UNIVERSAL NORMS Johannes Bakker !
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THE SIGNIFICANCE OF PRESERVING ANCIENT,
HISTORICAL, AND CULTURAL HERITAGE AND ITS ROLE Luca Bianchi, Ana Costa,
IN TOURISM Sophie Meyer, Eric Dubois

Elena M. Rodriguez, Lukas
B. Schmidt, Nadia S.
Dupont, Victor M.
Carvalho, Emilia T. Alves

ASSESSMENT OF ECOLOGICAL IMPACTS OF TOURISM ON
2 CAJU BEACH IN PALMAS, TOCANTINS, BRAZIL

SUSTAINABLE MANAGEMENT OF NON-TIMBER FOREST
PRODUCTS AND THEIR IMPACT ON RURAL LIVELIHOODS: | Eva Schmidt,

3 INSIGHTS FROM LAMABAGAR, NEPAL Sofia Petrova
o EXAMINING THE IMPACT OF LEADERSHIP STYLES ON
> > . EMPLOYEE CREATIVITY AND ORGANIZATIONAL Phoutxay Chanthavong
o T COMMITMENT IN THE HOSPITALITY INDUSTRY Amara Lertcharoen
< N
N C
= 3 ENHANCING TOURISM IN THE HISTORICAL AND
- w 5 CULTURAL SITES OF ALEXANDRIA: A COMPREHENSIVE | Laura S. Martinez, Elena K.
?EI = APPROACH Prokopiou
T

EVALUATING THE IMPACT OF ELECTRONIC CUSTOMER
6 RELATIONSHIP MANAGEMENT IN THE HOSPITALITY Dr. Emilia Huber,

INDUSTRY: EVIDENCE FROM TWO HOTELS IN AUSTRIA Dr. Franz Kiley

EMERGING TRENDS AND BEHAVIORAL SHIFTS IN

7 INTERNATIONAL TOURISM: A CASE STUDY OF L. Moretti A. Schmidt
MOROCCAN OUTBOUND TRAVEL ' T
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Ali Mert SENDIL
1 THE RELATIONSHIP BETWEEN ISOMETRIC STRENGTH Zeynep DOGAN
AND LIFESTYLE HABITS IN UNTRAINED ADULTS Umut CANLI
Zeynep DOGAN
5 GENC KIZ VOLEYBOLCULARIN MOTOR YETERLILIK VE Ali Mert SENDIL
ATLETIK PERFORMANS UNSURLARI Dog. Dr. Umut CANLI
-E Baris ONGOREN
= Elit Kadin Hentbol Takiminin Sezon Oncesi Atletik Performans arls <
= - . - . S . Zeynep DOGAN
3 Degerlendirmesi: Fonksiyonel Hareket Kapasitesi ve Atletik : :
= Performansi Arasindaki Iliski Ali Mert SENDIL
; < 5 Umut CANLI
o £ _ .
| = MOTOR PERFORMANS VE FONKSIYONEL HAREKET Zeynep DOGAN
§) = 4 KAPASITESI ILiSKiSi: GENC KIZ VOLEYBOLCULAR Ali Mert SENDIL
- = ORNEGI Dog. Dr. Umut CANLI
- 5
- > S
< ) Dr. Ogrt. Uyesi, Mehmet
I £ 5 GENC FUTBOLCULARDA SPORCU BAGLILIGI VE METIN
280 BASARISIZLIK KORKUSUNUN INCELENMESI Dog. Dr., Yeliz ERATLI
© SIRIN
ot
n .
6 CURRENT APPROACHES TO PREMENSTRUAL SYNDROME gztbl\grs%ggsﬁren
IN TERMS OF NUTRITION CANBOLAT
A TRADITIONAL REVIEW ON THE USE OF BEET JUICE IN | DYt Nurgiil YILMAZ
7 ATHLETES Dr. Ogr. Uyesi Eren
CANBOLAT
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CHANGE IN METHEMOGLOBIN LEVELS IN PATIENTS ON Saadi Fatima Z.,
DAPSONE Rezk-kallah H
ENHANCED BACTERIOCIN PRODUCTION AND
EFFICIENCY BY LACTOBACILLUSPLANTARUM IN CO- Assist. Prof. K.R.Padma
CULTURE WITH MAMMALIICOCUUS SCIURI STRAIN TY- Reader K.R.Don
42”
YASLILAR ICIN AKILLI TELEFONDA SAGLIK al
UYGULAMALARINA YONELIK EGITIM CALISMASI ggregcr" En: ?ﬁ%ggm
“SAGLIGIM CEBIMDE”: KALITATIF BIiR CALISMA 0. 1L, famura
- Ogrenci, Emine YILDIZ
E Ogrenci, Aysegiil
o~ N YASLILARIN SAGLIK BILGIST ARAMA YIGITCAN
=z © DAVRANISLARINDA TELEVIZYON VE INTERNETIN YERI Ogrenci, Sudenaz AGKOC
@) g Ogrenci, Kiibra KARATAS
2' !5 Dog.Dr., Kamuran OZDIL
)
2 g
j '\{ EVALUATION OF THE VARIETY, INGREDIENTS, Dr. Ogr. Uyesi Ciler
< o ADDITIVES, ENERGY, AND MACRONUTRIENT LEVELS OF | OZENIR
T a MUESLI AND GRANOLA AVAILABLE ON THE MARKET Dyt. Kiibra TASDAN
(=]
= ELANUR KESKIN
EXAMINATION OF CHILDHOOD TRAUMAS, PARENTAL Reserch Assistant, BEDIA
ATTITUDES AND THE EFFECT OF FAMILY ON CAREER TARSUSLU
CHOICE IN CAREER DEVELOPMENT IN NURSING
STUDENTS
Cagla PURCU
GEBELERDE PRENATAL BAGLANMA VE SAGLIK ARS.GOR. BEDIA
[LETISIMININ SIGARA BIRAKAMA NIYETI VE BASARISI TARSUSLU
UZERINDEKI ETKISI
TURKISH VALIDITY AND RELIABILITY STUDY OF THE Ogrenci, OZNUR
SMOKER SELF-STIGMA QUESTIONNAIRE BAYRAM
Ars. Gér. BEDIA
TARSUSLU
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-

HALL / SALON 3
Dr.Ogr.Gor. OGUZ KURSAT DEMIRCI

ANALYSIS OF CRYPTOCURRENCY TIME SERIES DATA
USING MACHINE LEARNING

Dr.Volkan ALTINTAS

TICARI ARACLARDA MANUEL PARK FRENI VE
ELEKTRONIK PARK FREN SISTEMLERININ
KARSILASTIRMALI ANALIZi

Ar-Ge Elektrik Donanim
Ekip Lideri, Ezgi Aslane
Ar-Ge Elektrik Yazilim

Miihendisi, Mehmet Kus

INVESTIGATION OF THE CONTRIBUTION OF
REGENERATIVE BRAKING SYSTEMS USED IN ELECTRIC
VEHICLES TO THE INCREASE OF MILEAGE

Dr.0gr.Gor. OGUZ
KURSAT DEMIRCI
Prof. Dr. MURAT CETIN

BEAM DESIGN VIA NEW SWARM-BASED geﬁﬁl %SOT(E;%ER
METAHEURISTICS rkan

Betiil USTUNER
MINIMUM WEIGHT OPTIMIZATION OF 3-D STEEL FRAME | Pt U8 /LR

SYSTEM

AN ANALYSIS ON THE POTENTIAL FOR INCREASED
EFFICIENCY AND ENERGY SAVINGS IN TURBO
GENERATOR SYSTEMS

Mechanical Engineer,
Samet ARAT

Dr. Lec. Member, Hasan
Donat YILDIZAY

IKLIM NOTRLUGE GECIiSTE ULUSLARARASI
AKSIYONLARA BAKIS

Dog. Dr. Erdem ISIK
Hande ALYANAK BILGIN
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ETHICAL CONSIDERATIONS IN ANTI-DOPING SYSTEM
MANAGEMENT: A COMPARATIVE STUDY OF MALAYSIA Ahmad Syafiq Abdullah,
AND GLOBAL PRACTICES Lin Wei Hua

MORPHOLOGICAL VARIATIONS IN FEMALE TRACK AND Nida Aslam,
2 FIELD ATHLETES IN PAKISTAN Ahmed Farooq,
Sara Khan

IMPACT OF LONG-TERM PHYSICAL TRAINING ON

3 VARIABILITY IN SKELETAL DIAMETERS AMONG WOMEN | Sadia Khan,
Ahmed Malik
< N INVESTIGATING THE IMPACT OF PHYSICAL ACTIVITY Ahmed Khalil,
> g 4 AND NUTRITIONAL INTAKE ON COGNITIVE FLEXIBILITY | Assis. Prof. Dr. Layla
O E’ Hassan
- o
g T Assoc. Prof. Dr. El
w @ ENHANCING PUBLIC HEALTH THROUGH SPORTS: A Boaar o B Eiena
3 s 5 STRATEGIC APPROACH ; .
O p Dr. Marco Bianchi, Laura
< c Conti,
T @
w ENHANCING STUDENT ENGAGEMENT IN SWIMMING
6 CLASSES: A STUDY ON THE EFFECTIVE TEACHING Elena M. Rodriauez
PYRAMID - roariguez,
THE IMPACT OF ATHLETE SATISFACTION ON TEAM
; SPORTS PERFORMANCE: A STUDY AT THE UNIVERSITY M. K. Novak J. P. Szabo
OF DEBRECEN - el '
EFFECTS OF LONGITUDINAL PHYSICAL CONDITIONING
8 ON MORPHOMETRIC PARAMETERS IN EUROPEAN MALE | Lucas Schmidt,

ADOLESCENTS Elena Varga
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ASSESSING THE QUALITY STANDARDS OF HOSPITAL
PHARMACIES IN THERAPEUTIC CENTERS ASSOCIATED
WITH KERMANSHAH UNIVERSITY OF MEDICAL Gharehbagh V.Hamishehkar
SCIENCES, IRAN , H.Aghababa
FETAL AND INFANT MORTALITY RATES IN BOTUCATU
CITY, SAO PAULO STATE, BRAZIL: ASSESSING Noda Salvador I. C,
MATERNAL-INFANT HEALTHCARE Fonseca C. R. B.
COMPARISON OF THIOPENTAL-FENTANYL AND
MIDAZOLAM-FENTANYL FOR PROCEDURAL SEDATION IN
EMERGENCY DEPARTMENT PATIENTS WITH SHOULDER
z DISLOCATION AND DISTAL RADIAL FRACTURE- D. Abbasi S. Shafiee
o DISLOCATION: A RANDOMIZED DOUBLE-BLIND Ardestani, E. Payani
= CONTROLLED TRIAL
=
Lo N
5 g
9 < TWO INSTANCES OF VACTERL ASSOCIATION DURING ﬁg’;‘;:}"&ﬁ:ﬁ"'
5) Eﬁ PREGNANCY TREATED WITH LYMPHOCYTE THERAPY Ahmad Hasani, Abed
. 7 Zhaleh
- >
z:l fe} EMBRACING HEALTH INFORMATION APPLICATIONS
T - WITHIN SMART NATIONAL IDENTITY CARDS (SNIC) Ismail Azrifah Hassan,
)?5'1) THROUGH AN INNOVATIVE I-P FRAMEWORK Masrah Bile, Murad Azmi
©
=
= HOW STATISTICAL METRICS AND OPTIMIZATION
TECHNIQUES DRIVE GENE SELECTION IN LUNG AND C. Premalatha Kenan
OVARIAN TUMORS Gunavathi,
PERINATAL RESULTS IN INSTANCES OF BLEEDING
DURING THE INITIAL AND EARLY SECOND TRIMESTER S. Chhabra, P. Kalra Tickoo
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ENHANCING BASKETBALL SHOT PREDICTION THROUGH Julia Kovacs,
CONVOLUTIONAL NEURAL NETWORKS AND TEMPORAL Laszl6 Toth,
ANALYSIS Anik¢ Varga,
Janos Kocsis
COMPARATIVE ANALYSIS OF ACHIEVEMENT Laszl6 Toth,
MOTIVATION AND SPORTS COMPETITION ANXIETY Katalin Kovacs,
ACROSS ACADEMIC LEVELS Zoltan Horvath,
Eva Nagy
COMPARATIVE ANALYSIS OF JOINT RANGE OF MOTION Dr. Elena Petrova,
IN ATHLETES: RUNNERS VS. SWIMMERS Assis. Prof. Dr. Stoyan
Ivanov
EVALUATING PSYCHOMOTOR DEVELOPMENT IN EARLY
© < CHILDHOOD: A COMPARATIVE ANALYSIS OF EIGHT Elina Karimova,
% 2 ASSESSMENT TOOLS Nuriddin Shokirov
- =
% E EVALUATING CAREER TRANSITION SUPPORT PROGRAMS | Zainab Rahimi,
~ X FOR OLYMPIC ATHLETES IN AFGHANISTAN: A Assis. Prof. Ahmad Shah,
j g CONCEPTUAL ANALYSIS Dr. Ebrahim Firooz,
< = Dr. Roya Nazari
T L
EPIDEMIOLOGICAL STUDY AND MECHANISMS OF Mei Zhan
BADMINTON INJURIES IN YOUTH: INSIGHTS FROM Li Wei g
MEDICAL CHECK-UPS AND SURVEYS y
Chen Xu
Liu Yan,
EFFECTS OF MINDFULNESS MEDITATION ON REDUCING Zhang Mei
ACADEMIC STRESS AMONG FEMALE ADOLESCENTS g Mei,
Chen Wei,
Li Hua
IMPACT OF FRAME GEOMETRY AND ERGONOMIC
ADJUSTMENTS ON CYCLING EFFICIENCY AND MUSCLE Antoine Dupont,
ACTIVATION Dr. Claire Lefebvre
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VIBRATIONAL CHARACTERISTICS OF FUNCTIONALLY

1 GRADED PRETWISTED PLATES IN THERMAL A. Kumar. R. H. Nauven
ENVIRONMENTS: A FINITE ELEMENT APPROACH ' » 1. - guyen,

ENHANCED SATELLITE SOLAR PANEL DEPLOYMENT

2 USING A BRUSHED DC MOTOR FOR SPEED REGULATION | Hiroshi Nakamura, Rina

Yamada
ENHANCING ACCIDENT ANALYSIS THROUGH SYSTEMIC A.T. Liu,
3 MULTI-FACTORIAL FRAMEWORKS B. H. Moyo,
C.J. Kimura
ENHANCING EFFICIENCY OF ARRIVAL FLIGHTS H. Zhan
N~ < 4 THROUGH SPEED REGULATION: A STUDY AT TAOYUAN K. Lee 9.
Z —;‘U INTERNATIONAL AIRPORT C .
@) s M. Kim, L. Osei
z |
% — ANALYZING PROCESS PARAMETERS FOR SPRING-BACK
~ g 5 MINIMIZATION IN V-BENDING OF HSLA 420 STEEL: A Dr. Hiroshi Tanaka,
j > SIMULATION-BASED STUDY Mei Lin Chen
< o
I o
OPTIMIZED ELECTROMAGNETIC DAMPING SYSTEM FOR A Yamada
6 VIBRATION ENERGY RECOVERY ] IK Zhou ’

ADVANCED RELATIVE NAVIGATION FOR FORMATION

; FLYING SATELLITES USING LASER INTERMITTENT ?aré I:‘n’:"gr""”likﬁh I-Dsréc',\:m_
MEASUREMENTS e Y
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EVALUATION OF ENERGY OUTPUT AND IRRADIANCE

1 ANALYSIS TECHNIQUES iN PHOTOVOLTAIC SYSTEMS Minh Chau Tran, Nguyen

Hoang Anh, Ha Thi Mai

INTEGRATION OF SOLAR POWER GENERATORS AND
ENERGY STORAGE SYSTEMS iN POWER DISTRIBUTION L. Tran, H. Nguyen, V.
NETWORKS Pham, N. Hoang

THE PROMISE OF HYBRID MICROGRIDS FOR
3 ALLEVIATING POWER SHORTAGES IN LEBANON T. Nguyen, H. Tran

ANALYSIS OF VIBRATION SIGNALS IN SMALL VERTICAL

4 AXIS WIND TURBINES Mei Lin Zhang, Zhao Wei

Chen, Haruto Nakamura

INVESTIGATION OF LEAK EFFECTS ON THE DURABILITY Dr. Yumi Kim, Dr. Wei
5 OF SOLID OXIDE ELECTROLYSIS CELLS UNDER CO- Zhang, Dr. Haruto
ELECTROLYSIS CONDITIONS Nakamura, Dr. Elena Costa

A NOVEL THERMOCHEMICAL ENERGY STORAGE
SOLUTION FOR TRANSPORTATION: DESIGN AND

HALL / SALON 8
Dr. Elena Costa

Lin Cheng, Yulia Petrov

EVALUATION

ADVANCED CONSUMER LOAD PROFILING USING AN Aisha Z. Jafari, Mei Ling
7 ENTROPY-ENHANCED K-MEANS APPROACH Zhao

IMPACT OF SURFACTANT ADDITION ON THE
8 SUPERCOOLING BEHAVIOR OF TITANIA NANOFLUIDS IN Mei Ling Zhang, Hiroshi

THERMAL ENERGY STORAGE SYSTEMS Nakagawa, Kaito Tanaka

OPTIMIZING TECHNICAL AND ECONOMIC PERFORMANCE
OF SMART MICRO-GRIDS WITH RENEWABLE ENERGY: A
CASE STUDY iIN ASIA

Y. T. Lin, K. W. Zhang, L.
R. Chen, Mei Hua,
Xiaodong Liu
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MICROSTRUCTURAL AND ELECTROCHEMICAL
PERFORMANCE OF CARBON-COATED NANOGRAINED Jianhui Chen
1 LIFEPO4 AS CATHODE MATERIAL FOR LITHIUM-ION Mei Lin Wu '
BATTERIES
MICROSTRUCTURAL ANALYSIS AND ELECTROCHEMICAL
2 PERFORMANCE OF AL-DOPED LINI1/3CO1/3MN1/302 Jia-Li Huang, Qiang Liu,
CATHODES FOR LITHIUM-ION BATTERIES Rong-Xin Zhang
o .
= g FABRICATION OF 3D SNO LEAFY NANOSTRUCTURES AND | Xin Liu
@) =) 3 THEIR ELECTROCHEMICAL PERFORMANCE AS ANODE Hyeon-Ju Park
- X MATERIALS FOR LITHIUM-ION BATTERIES Haruto Yamaguchi
5; & Nurul Izzati Ahmad
[
: g PROPANE DEHYDROGENATION OVER PLATINUM-TIN
- a 4 CATALYSTS SUPPORTED ON MAGNESIUM ALUMINATE Liang Chen,
% o WITH VARYING MG/AL RATIOS Yuan Zhang
@)
EXPERIMENTAL ANALYSIS OF FIRE-RESISTANCE IN ECO- Dr. Wang Jun
5 FRIENDLY CORRUGATED SANDWICH PANELS Dr. Pradeep Kumar,
Dr. Lian Xiu
SYNTHESIS AND ELECTROCHEMICAL PERFORMANCE OF Muhammad Zubair labal
6 3D SNO CABBAGE NANOSTRUCTURES AS ANODE Yinaiie Li q
MATERIAL FOR LITHIUM-ION BATTERIES 4l .
Pengpeng Liu
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KRiPTO PARA ZAMAN SERIiSi VERILERININ MAKINE OGRENIMi
KULLANILARAK ANALIZI

Dr.Volkan ALTINTAS
Manisa Celal Bayar Universitesi, - 0000-0002-1560-9017

OZET

Kripto para piyasalarinin artan 6nemi ve yliksek volatilitesi, bu piyasalarin karmasik
dinamiklerini anlamak ve tahmin etmek icin yenilik¢i ve etkili yontemlere olan ihtiyag
artirmistir. Geleneksel analiz yontemlerinden daha kapsamli ve dogru tahminler elde etmek
amaciyla, bu calismada makine Ogrenimi algoritmalarmin birlikte kullanimi {izerine
calisilmistir. Caligmamizda, kripto varliklarin Onciisii olan Bitcoin'in 2020-2024 yillar
arasindaki giinliik verileri ele alinmistir. Buveri seti, Bitcoin'in fiyat hareketlerini, islem
hacimlerini ve ¢esitli teknik gostergeleri igermektedir. Veri setinde varolan veriler kullanilarak
Ozellik miihendisligi ile teknik ozelllikler (SMAS, SMA20, SMA100, EMAS, EMAZ20,
EMA100, RSI vb.) elde edilmistir. Calismamizda, ii¢ farkli makine O6grenimi modeli
kullanilmistir: Random Forest, XGBoost ve Long Short-Term Memory (LSTM). Her bir model,
Bitcoin fiyat tahmininde farkli giiglii yonlere sahiptir. Random Forest, veri setindeki karmagik
iliskileri yakalamada etkili iken XGBoost, yiiksek tahmin dogrulugu ve hizli islem siiresi
sunmaktadir. LSTM ise, zaman serisi verilerindeki uzun vadeli bagimliliklart modellemede
konusunda yetkin oldugundan dolayi tercih edilmistir. Bu modellerin bireysel tahminleri, daha
sonra topluluk 6grenmesi (ensemble learning) yaklasimi kullanilarak birlestirilmistir. Bu
yontem, her bir modelin gii¢lii yonlerini bir araya getirerek, daha tutarli ve dogru Bitcoin fiyat
tahminleri elde etmeyi amacglamaktadir. Modellerin performansini degerlendirmek ig¢in iki
temel metrik kullanilmistir: Ortalama Kare Hata (Mean Squared Error - MSE) ve Ortalama
Mutlak Hata (Mean Absolute Error - MAE). MAE degerlerine gore en iyi sonucu Random
Forest algoritmasindan elde edildigi goriilmiistiir. Topluluk 6grenimi i¢in elde MAE degeri ise
1017,3314 seklinde elde edilmistir. Bu ¢alisma, kripto para piyasalarindaki fiyat tahmininde
makine 6grenimi tekniklerinin etkinligini gdstermeyi ve topluluk O6grenmesi yaklasiminin
potansiyel faydalarini ortaya koymay1 amaglamaktadir.

Anahtar Kelimeler : Makine Ogrenmesi, Kripto Para, Modelleme
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ANALYSIS OF CRYPTOCURRENCY TIME SERIES DATA USING MACHINE
LEARNING

ABSTRACT

The increasing importance and high volatility of cryptocurrency markets have heightened the
need for innovative and effective methods to understand and predict the complex dynamics of
these markets. In this study, we focused on the combined use of machine learning algorithms
to obtain more comprehensive and accurate predictions than traditional analysis methods. Our
study examined the daily data of Bitcoin, the pioneer of crypto assets, between 2020-2024. This
dataset includes Bitcoin's price movements, transaction volumes, and various technical
indicators. Using the existing data in the dataset, technical features (SMAS, SMA20, SMA100,
EMAS, EMA20, EMA100, RSI, etc.) were obtained through feature engineering.In our study,
three different machine learning models were used: Random Forest, XGBoost, and Long Short-
Term Memory (LSTM). Each model has different strengths in predicting Bitcoin prices. While
Random Forest is effective in capturing complex relationships in the dataset, XGBoost offers
high prediction accuracy and fast processing time. LSTM was chosen for its competence in
modeling long-term dependencies in time series data.The individual predictions of these models
were then combined using an ensemble learning approach. This method aims to achieve more
consistent and accurate Bitcoin price predictions by bringing together the strengths of each
model. Two basic metrics were used to evaluate the performance of the models: Mean Squared
Error (MSE) and Mean Absolute Error (MAE). According to the MAE values, the best result
was obtained from the Random Forest algorithm. The MAE value for ensemble learning was
obtained as 1017.3314.This study aims to demonstrate the effectiveness of machine learning
techniques in price prediction in cryptocurrency markets and to reveal the potential benefits of
the ensemble learning approach.

Keyword : Machine Learning, Crypto Money , Modelling
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1. Giris

Son on yilda, kripto paralar finansal ekosistemin énemli bir parcasi haline gelmistir. Bitcoin'in
2009 yilinda ortaya cikisindan bu yana, kripto para piyasasi hem deger hem de c¢esitlilik
acisindan muazzam bir bliylime gostermistir. 2024 yil1 itibariyla, kiiresel kripto para piyasasinin
toplam degeri 1 trilyon dolar1 asmis durumdadir. Bu hizli bityiime, beraberinde yiiksek volatilite
ve karmasik piyasa dinamiklerini de getirmistir. Kripto para piyasalarinin bu benzersiz
ozellikleri, geleneksel finansal analiz yontemlerinin etkinligini siirlamakta ve yeni analiz
tekniklerine olan ihtiyaci artirmaktadir.

Makine 6grenmesi, son yillarda finansal veri analizi ve tahmin alaninda devrim yaratmistir.
Ozellikle zaman serisi analizinde, makine &grenmesi modelleri geleneksel istatistiksel
yontemlere gore daha iistiin performans gostermistir. (Dogan & Biiyilikkoér, 2022) Derin
O0grenme, rastgele ormanlar ve gradyan artirma gibi teknikler, karmagsik finansal verilerdeki
gizli kaliplar1 ortaya ¢ikarmada ve gelecekteki fiyat hareketlerini tahmin etmede etkili olmustur
(Sismanoglu et al., 2020). Kripto para piyasalarinin yiiksek frekansli ve ¢cok boyutlu yapisi,
makine 6grenmesi modellerinin giiglii yonleriyle uyum saglamaktadir.

Bu ¢alisma, makine 6grenimi algoritmalarinin birlikte kullanimina dayanan bir yaklagim
sunarak, Bitcoin fiyat tahmininde daha etkili bir yontem gelistirmeyi amaglamaktadir. 2020-
2024 yillar1 arasindaki giinliik Bitcoin verilerini kullanarak, ti¢ farkli makine 6grenimi modeli-
Random Forest (RF), eTreme Gradient Boosting (XGBoost) ve Long Short-Term Memory
(LSTM) uygulanmis ve bu modellerin sonuglart topluluk 6grenmesi yaklasimiyla
birlestirilmistir.

Calismanin temel amaci, her bir modelin gii¢lii yonlerini bir araya getirerek daha tutarli ve
dogru Bitcoin fiyat tahminleri elde etmektir. Kullanilan veri seti, Bitcoin'in fiyat hareketleri,
islem hacimleri ve cesitli teknik gostergeleri icermektedir. Ayrica, 6zellik miihendisligi
teknikleri kullanilarak ek teknik o6zellikler (SMAS, SMA20, SMA100, EMAS, EMA20,
EMA100, RSI vb.) elde edilmistir.

Bu arastirma, kripto para piyasalarindaki fiyat tahmininde makine 6grenimi tekniklerinin
etkinligini gostermeyi ve topluluk 6grenmesi yaklasiminin potansiyel faydalarimi ortaya
koymay1 hedeflemektedir. Elde edilen sonuclar, 6zellikle RF algoritmasinin ve topluluk
ogrenmesi yaklagiminin umut verici sonuglar sundugunu gostermektedir. Bu ¢aligmanin, kripto
para piyasalarindaki karar verme siireclerine katkida bulunmasi ve gelecekteki aragtirmalar igin

bir temel olusturmasi beklenmektedir.
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Makalenin geri kalani su sekilde yapilandirilmistir: Bolim 2'de ilgili literatiir incelenecek,
Boliim 3'te kullanilan veri seti, metodoloji ve kullanilan modeller aciklanacak, Boliim 4'te
bulgular sunulacak ve tartisilacak, son olarak Boliim 5'te calismanin sonuglar1 6zetlenecektir.
2. Literatiir Analizi

Senol ve Denizhan yaptiklari ¢alismada kripto para hareketliligi en yiiksek olan kripto paralar
arasindan Bitcoin, Ethereum ve Cardano segilerek fiyat tahmini ¢alismasi yapmistir. Yapay
Sinir Aglar1 ve Regresyon Analizi yontemleri ile bu kripto paralarin agilis, kapanis, giin igindeki
en kiiciik ve en biiyiik degerleri kullanilarak bir sonraki giiniin kapanis degeri tahmin edilmistir.
Calisma sonucunda Yapay Sinir Aglari ile yapilan tahmin ¢aligmasinin Regresyon Analizi ile
yapilan tahmin calismasindan daha basarili performans sergiledigi gézlemlenmistir (Senol &
Denizhan, 2023).

Koksal vd. Yaptiklar1 calismada, Twitter kullanicilarimin Bitcoin ile ilgili yorumlarim
toplayarak bir duygu analizi ¢aligmasi yapmistir. Kullanici yorumlari, Naive Bayes ve Lojistik
Regresyon algoritmalar1 kullanilarak olusturulan modellerde basari oranlar1 karsilagtirilmistir.
Naive Bayes uygulamasimin tweetlerin duygularini tahmin etmedeki basari oranm1 %72,19
olurken, Lojistik Regresyon uygulamasinda bu oran %75,53 olmustur.Ayrica duygu analizi
calismasindan sonra “Bitcoin” anahtar kelimesi iceren giinliik pozitif tweet orani ile Bitcoin
giinliik acilis degeri beraber kullanilarak Bitcoin kapanis degeri tahminlemesi yapilmistir.
Dogrusal Regresyon ve Rastgele Orman Regresyon yontemleri ile modeller olusturulmustur.
Dogrusal Regresyon i¢in 1> degeri %88,97 cikarken, Rastgele Orman Regresyonu i¢in ise
%94,16 olmustur (Koksal et al., 2021).

Akcgay ve Yiltas yaptiklar1 ¢aligmada makine 6grenmesi ve derin 6grenme tekniklerinden
ARIMA, SARIMA, Prophet, XGBoost, LSTM, RNN ve GRU algoritmalarin1 kullanilarak
tiketicilerin kontor tiiketimleri zaman serileri yardimiyla tahmin etmeye c¢alismislardir.
Modelleri karsilagtirmak i¢cin MAE, MAPE, RMSE ve Determinasyon Katsayis1 (R"2)
kullanilmigtir.  Sonuglarima goére zaman serilerinin tahminlemesinde derin Ogrenme
tekniklerinin, makine 0grenmesi yontemlerine gore daha iyi sonuglar verdigi goriilmiistiir
(Akcay & Yiltas-Kaplan, 2024).

Indulkar calismasinda, farkli algoritmalar kullanilarak baslica kripto para birimlerinin Bitcoin
(BTC), Ethereum (ETH), Chainlink (LINK), Bitcoin Cash (BTC), XRP (XRP) tahmini ve
giinlik en yiiksek-en diisiik-kapanisinin zaman serisi analizini yapmiglardir. Caligma veri
kiimelerinin mevsimselligine dayali olarak farkli kripto para birimlerinin zaman serisi analizini

amaglamaktadir. Analiz asamasinda LSTM ve tahmin asamasinda fbprophet kullanilmistr.
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Olgiim metrigi olarak MAE (Ortalama Mutlak Hata) kullanilmistir. Bu ¢alismada, en diisiik
hata degerinin 0,01867 olan Bitcoin kripto para birimi i¢in, ardindan 0,02632 olan Bitcoin Cash
icin tiretildigi gozlemlenmistir (Indulkar, 2021).

Alsharef vd. yaptiklart ¢alismada, makine 6grenimi (ML), derin 6grenme (DL) ve AutoML
kullanan zaman serisi tahminiyle ilgili deneyler iizerine ¢alismislardir. Bu ¢alismada kullanilan
veri kiimeleri, su anda en ¢ok kullanilan kripto para birimlerinin gercek fiyatlarinin ikincil nicel
verileriydi. Zaman serileri igin AutoML'nin hala gelistirme asamasinda oldugunu ve elle
tasarlanmis ML ve DL modellerini geride birakamadigi i¢in uygulanabilir bir ¢dztiim olmasi igin
daha fazla calisma gerektirdigini sonucuna ulagsmiglardir (Alsharef et al., 2022).

Pang vd. yaptiklar1 calismada, bitcoin fiyatlar1 ile sosyal duygu verileri arasindaki dogrusal
olmayan iligkiyi modellemek ve fiyat degerlerini dnceden tahmin etmek icin farkli makine
ogrenmesi tekniklerini karsilastirmislardir.Analiz yoluyla, duygu veri modelinin dogrusal
olmayan iliskiyi yakalamada, teknik gostergeler ve karar agaclar gibi geleneksel yontemlere
kiyasla tistlin oldugu, sinir ag1 modellerinin ise bitcoin fiyatini tahmin etmede daha iyi dogruluk
sagladigi goriilmistiir (Pang et al., 2019).

3. Veri Seti ve Metodoloji

3.1 Veri Seti

Bu caligmada kullanilan veri seti, Binance kripto para borsasindan elde edilen Bitcoin fiyat
verilerini icermektedir (Crypto Data Download, n.d.). Veri seti, 1 Ocak 2020 tarihinden 30
Temmuz 2024 tarithine kadar olan donemi kapsamaktadir. Veri setinin temel 6zellikleri asagida
detaylandirilmistir:

Zaman Aralig1: 2020-01-01 ile 2024-07-30 aras1 Veri Frekansi: Dakikalik

Her bir veri belirtilen bilgileri igermektedir: Unix Zaman Damgasi, Tarih ve Saat (UTC), Acilig
Fiyati, En Yiiksek Fiyat, En Diisiik Fiyat, Kapanis Fiyati, Islem Hacmi, Islem Sayist.

Veri 0n isleme asamasinda, dakikalik veriler giinliik verilere doniistiiriilmiistiir. Bu doniisiim
islemleri asagidaki adimlar1 icermektedir:

Giinliik Kapanig Fiyati: Her giiniin son dakikasina ait kapanis fiyati, o giiniin kapanis fiyati
olarak kabul edilmistir.

Giinliik En Yiiksek ve En Diisiik Fiyatlar: Ilgili giin icerisinde gézlemlenen en yiiksek ve en
diistik fiyatlar, sirastyla giiniin en yiiksek ve en diisiik fiyatlar1 olarak belirlenmistir.

Giinliik Islem Hacmi ve Islem Sayisi: Bu degerler, giin icerisindeki tiim dakikalik verilerin

kiimiilatif toplami olarak hesaplanmistir.
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Bu veri 6n isleme adimlan, yiiksek frekansl dakikalik verilerin, makine 6grenimi modellerinin
egitimi icin daha uygun olan giinlik zaman O6l¢egine doniistliriilmesini saglamistir. Bu
dontistim, veri setinin boyutunu azaltirken, giinliik bazda anlamli finansal gdstergeleri korumay1
amaclamaktadir.

3.2 Metodoloji

Calismamizda, makine 6grenimi modelleri ve topluluk 6grenme modeli kullanilarak bir
yaklagim ortaya konmustur.

3.2.1 Veri On Isleme ve Ozellik Miihendisligi

1. Veri Temizleme: Eksik veya hatal1 veriler tespit edilmis ve uygun yontemlerle (6rn.
interpolasyon) doldurulmustur.

2. Ogzellik Olusturma: Temel fiyat ve hacim verilerine ek olarak, asagidaki teknik
gostergeler hesaplanmustir:

e Hareketli Ortalamalar (5, 10, 20, 50, 100 giinlik SMA ve EMA)

e Goreceli Gii¢ Endeksi (RSI)

e MACD (Moving Average Convergence Divergence)

3.2.2 Makine Ogrenimi Modeli Gelistirme

o Model Sec¢imi: Caligmamizda {i¢ farklt makine 6grenimi modeli kullanilmis ve

performanslari karsilagtirilmistir:

e Random Forest (RF)

o Extreme Gradient Boosting (XGBoost)
e Long Short-Term Memory (LSTM)

o Hiperparametre Optimizasyonu: Her model i¢in gridsearch kullanilarak en iy1
hiperparametreler belirlenmistir.

o Model Egitimi ve Degerlendirme: Veri seti, egitim (%80) ve test (%20) setlerine
ayrilmistir. Modeller egitim seti lizerinde egitilmis ve test seti lizerinde
degerlendirilmistir.

3.2.3 Topluluk Ogrenmesi

Topluluk Ogrenmesi makine dgreniminde birden fazla modelin tahminlerini veya kararlarin
birlestirerek daha gii¢lii ve dogru sonuglar elde etmeyi amaclayan bir yaklasimdir (Kapucu &
Cubukcu, 2019). Topluluk 06grenmesinde, makine Ogrenmesi modellerinin bireysel
algoritmalar1 dahili bir model olarak kullanilir ve bu modellerin ¢iktilarindan bir meta model
olusturulur (Kurt et al., 2022).

3.2.4 Model Secimi ve Egitimi
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Bu béliimde, kripto para fiyat tahmininde kullanilan makine 6grenimi modellerinin segimi,
egitimi ve performans degerlendirmesi ele alinmaktadir.

Kripto para fiyatlarmin yiiksek volatilitesi ve dogrusal olmayan dogasi gbéz Oniinde
bulundurularak, bu calismada ii¢ farklt makine 6grenimi modeli degerlendirilmistir: REF,
XGBoost, ve LSTM.

3.2.4.1 Random Forest (RF)

Rastgele Orman teknigi, yiiksek derecede tahmin dogrulugu elde etmek icin Onyiikleme
toplama ve tahmin edicilerin rastgelelestirilmesini kullanan bir regresyon agaci teknigidir
(Rigatti, 2017). Breiman tarafindan gelistirilen rastgele orman, c¢ok sayida karar agaci
olusturmak i¢in rastgelelestirmeyi kullanir. Bu agaclarin ¢iktisi, siniflandirma sorunlari igin
oylama veya regresyon sorunlari i¢in ortalama kullanilarak tek bir ¢iktida toplanir (Breiman,
2001) .

3.2.4.2 XGBoost (eXtreme Gradient Boosting)

XGBoost, Gradient Boosting algoritmasinin optimize edilmis ve yiiksek performansh bir
varyasyonudur. XGBoost'un 6ne ¢ikan ozellikleri arasinda istiin tahmin kabiliyeti, asiri
ogrenme (overfitting) sorununa kars1 etkin 6nlemler, eksik veri yonetimi ve yiiksek hesaplama
verimliligi bulunmaktadir. XGBoost diger yaygin kullanilan algoritmalara kiyasla on kat daha
hizl1 caligma kapasitesine sahiptir. XGBoost, hesaplama kaynaklarinin optimum kullanimi ve
istiin performans elde etmek amaciyla gelismis yazilim ve donanim optimizasyon
tekniklerinden yararlanmaktadir. Bu 6zelligi, algoritmanin biiytik veri setleri lizerinde bile etkili
bir sekilde ¢alismasini saglamaktadir (Chen & Guestrin, 2016).

3.2.4.3 Long Short-Term Memory (LSTM)

LSTM, Recurrent Neural Network (RNN) mimarisinin geligsmis bir varyasyonu olarak, uzun
vadeli bagimliliklar1 6grenme kabiliyetine sahip bir derin 6grenme modelidir (Hochreiter &
Schmidhuber, 1997). LSTM, geleneksel RNN'lerin karsilastig1 gradyan kaybi problemini
asmak iizere tasarlanmig 6zel bir mimari yapiya sahiptir. Bu yapi, bilgiyi segici olarak uzun
stireler boyunca saklama ve gerektiginde geri ¢cagirma yetenegi sunar (Noh, 2021).

LSTM'nin mimarisi, ileri ve geri baglantilara izin vererek, modelin gecmis ve gelecek
baglamlar1 arasinda karmagik iliskileri 6grenmesini saglar. Bu ozellik, LSTM'y1 6zellikle
zaman serisi analizi, siniflandirma ve tahmin gorevleri i¢in uygun kilar (Greff et al., 2017)

4. Bulgular

Modellerin performansi, Ortalama Kare Hata (MSE) ve Ortalama Mutlak Hata (MAE)

metrikleri  kullanmilarak  degerlendirilmistir.  Gridsearch ile yapilan hiperparametre
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optimizasyonu sonucu XGBoost, RF ve LSTM algoritmasi i¢in GridSearch yardimiyla

belirlenen parametreler Tablo-1 de gosterilmektedir.

XGBoost Random Forest LSTM
learning_rate: 0.3 max_depth: 5 units: 50
min_child_weight: 3 min_samples_leaf: 4 learning_rate: 0.01
max_depth: 7 min_samples_split: 10 epochs: 100
n_estimators: 100 n_estimators: 1000 batch size: 16

subsample: 0.9

Tablo 1. XGBoost, Random Forest ve LSTM Algoritmas1 Parametreleri
Calismada, li¢ farkli algoritma olan LSTM,XGBoost ve RF kullanilarak bir regresyon problemi
ele alinmistir. Her ti¢ model i¢in de Ortalama Kare Hata (Mean Squared Error - MSE) ve
Ortalama Mutlak Hata (Mean Absolute Error - MAE) metrikleri hesaplanmistir. Modellerin

performans karsilagtirmalar1 Tablo 2°de gosterilmektedir.

MSE MAE
XGBoost 6,311,784.85 1,186.55
Random Forest 2,858,664.11 808.57
LSTM 3,442,099.939 1056.8742

Tablo 2 — Modellerin Performans Karsilastirmalari

RF modeli, hem MSE hem de MAE metriklerinde en diisiik hata degerlerini sergilemistir. Bu,
RF’in incelenen veri seti iizerinde en iyi performansi gosterdigini isaret etmektedir. LSTM
modeli, performans agisindan ikinci sirada yer almaktadir. MSE degeri RF’den yiiksek, ancak
XGBoost'tan diisiiktiir. MAE degeri de benzer bir egilim gostermektedir. XGBoost modeli, bu
iic model arasinda en yiiksek hata degerlerine sahiptir, ancak performansi diger iki modele gore
onemli dl¢lide kotii degildir. RF modelinin {istiin performansi, bu algoritmanin veri setindeki
karmasik iliskileri yakalamada daha etkili oldugunu gostermektedir. LSTM'in ikinci en iyi
performansi sergilemesi, verilerde potansiyel olarak zamansal bagimliliklar olabilecegini ve
LSTM'in bu yapilar1 basartyla modelleyebildigini diisiindiirmektedir. XGBoost'un gorece daha
diisiik performansi, modelin hiperparametrelerinin optimize edilmesi veya veri 6n isleme
adimlarinin gézden gegirilmesi ile iyilestirilebilir.

Bu sonuglar, incelenen problem ve veri seti i¢gin RF modelinin en uygun se¢im olabilecegini

gostermektedir. Bununla birlikte, model seciminde sadece performans metriklerinin degil,
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modelin yorumlanabilirligi, hesaplama maliyeti ve uygulama kolaylig1 gibi faktorlerin de goz
oniinde bulundurulmas1 gerektigini vurgulamak énemlidir.

Arastirmanin son asamasinda, tekil modellerin 6tesine gegilerek topluluk 6grenmesi (ensemble
learning) yaklasimi benimsenmistir. Bu baglamda, XGBoost, RF ve LSTM modellerinin
tahminlerinin aritmetik ortalamasi alinarak yeni bir tahmin modeli olusturulmustur. Bu hibrit
yaklagim, her bir modelin giiclii yOnlerinden faydalanmayi1 ve potansiyel zayifliklarini
dengelemeyi amaglamaktadir. Topluluk modelinin Ortalama Mutlak Hata (MAE) degeri
1017,3314 olarak hesaplanmistir. Bu sonug, en iyi performans gosteren tekil model olan RF’nin
MAE degeri (808,57) ile karsilastirildiginda daha yiiksek bir hata oranina isaret etmektedir.
Ancak, bu topluluk yaklagiminin XGBoost ve LSTM modellerinin bireysel MAE degerlerinden
daha iyi bir performans sergiledigi gozlemlenmistir. Bu bulgu, topluluk 6grenmesi stratejisinin,
bazi durumlarda en iyi tekil modelin performansini asamasa da, ortalama model performansini

iyilestirme potansiyeline sahip oldugunu gostermektedir.

5. Sonu¢ ve Tartisma

Bu ¢alisma, Bitcoin fiyat tahmininde makine 6grenimi algoritmalar1 ve topluluk 6grenmesi
yaklagiminin etkinligini incelemeyi amaglamistir. Elde edilen sonuglar, kullanilan farkli
modellerin performanslar1 ve bunlarin birlestirilmesiyle olusan topluluk modelinin etkinligi
hakkinda énemli i¢goriiler sunmaktadir.

Random Forest modelinin, kullanilan ii¢ algoritma arasinda en diisik MAE ve MSE
degerleriyle en iyi performansi sergiledigi gozlemlenmistir. Bu sonu¢, RF’nin Bitcoin fiyat
hareketlerindeki karmasik iligkileri yakalamada ozellikle etkili oldugunu goéstermektedir.
Modelin bu basarisi, veri setindeki ¢esitli teknik gostergeleri (SMA, EMA, RSI vb.) etkin bir
sekilde kullanabilme yetenegine baglanabilir.

LSTM modelinin performansi, ikinci en iyi sonucu vermistir. Bu sonug, LSTM'in zaman serisi
verilerindeki uzun vadeli bagimliliklart modellemede gosterdigi yetkinligi dogrulamaktadir.
Bitcoin fiyatlarindaki trend ve mevsimsellik gibi zamansal 6zelliklerin LSTM tarafindan
basariyla yakalandig1 diisiiniilmektedir.

XGBoost modeli, tic model arasinda en yliksek hata oranlarina sahip olmasina ragmen,
performansi diger iki modelden 6nemli 6lciide geride degildir. XGBoost'un gorece daha diistik
performansi, modelin hiper parametrelerinin daha fazla optimize edilmesi veya veri on isleme

adimlarinin gézden gecirilmesi ile iyilestirilebilir potansiyele isaret etmektedir.
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Topluluk 6grenmesi yaklasimi kullanilarak elde edilen MAE degeri, en iyi performans gosteren
RF modelinin sonucundan daha yiiksek olmasina ragmen, XGBoost ve LSTM modellerinin
bireysel performanslarindan daha iyidir. Bu sonug, topluluk 6grenmesi yaklasiminin, her zaman
en iyi tekil modelin performansini asamasa da, ortalama model performansini iyilestirme
potansiyeline sahip oldugunu gostermektedir.

Bu bulgular 1s1g¢inda, Bitcoin fiyat tahmininde tek bir modele glivenmek yerine, farkli
modellerin gii¢lii yonlerinden faydalanan bir yaklagimin daha saglam ve gilivenilir sonuglar
verebilecegi diisiiniilmektedir. Ancak, topluluk modelinin performansinin daha da
iyilestirilmesi igin farkli stratejiler diisiiniilebilir. Ornegin, modellerin tahminlerini basit bir
aritmetik ortalama yerine, her bir modelin performansina dayali agirliklandirma kullanarak

birlestirmek, daha iyi sonuclar verebilir.
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TICARI ARACLARDA MANUEL PARK FRENi VE ELEKTRONIK PARK FREN
SISTEMLERININ KARSILASTIRMALI ANALIZi

Ar-Ge Elektrik Donanim Ekip Lideri, Ezgi Aslane
Ulasim I¢ ve Dis Ticaret A.S., 0009-0001-8882-4869
Ar-Ge Elektrik Yazilim Miihendisi, Mehmet Kus
Ulasim I¢ ve Dis Ticaret A.S., 0009-0009-9174-792X

OZET

Gelisen diinyada son yillarda niifusun hizl artigina paralel trafik yogunlugu da artmaktadir. Bu
durum kaza oranlarinda gittikce artist beraberinde getirmektedir. Araglarin maksimum
giivenlige sahip olmasi tehlikeli ve kritik anlarda siirliciiye maksimum destek saglayacak
sistemlerin bulundurulmasi1 gerekmektedir. Bu sistemlerin basinda tiim araglarda bulunan fren
sistemleri gelmektedir. Bu bildiri de toplu tasima araglarinda manuel park frenleme ile
elektronik park frenleme giivenlik ve konfor agisinda iki frenleme segenegi analiz edilip
karsilastirilacaktir. Araglarda frenleme sistemi pnomatik, mekanik, hidrolik veya elektrikli
olarak bulunmaktadir. Agir vasita araglarin frenleme sistemi genellikle pnomatik sistem olarak
karsimiza ¢ikmaktadir. Bu sistemler olduk¢a karmasik yapiya sahiptir ve yapilarinda birincil,
ikincil ve park freni olmak tizere ii¢ farkli frenleme sistemi bulunmaktadir. Agir vasita kamyon,
otobiis vb. araglarin fren performansi binek araglara gére oldukca zayiftir. Bunun sebepleri
arasinda birden fazla etken vardir. Baslica sebepler ise valflerin tepki siiresi ve boru hattinin
uzunlugudur. Manuel frenleme de boru hatti uzunlugu ve bu hatlarin ara¢ boyunca gegislerin
olmasindan kaynakli eklerin fazlaligi sistemin ariza oranimm1 ve kagak olma durumunu
artirmaktadir. Elektronik park frenleme ile kablolu baglanti ve kablosuz haberlesme ile bu
durum minimum seviyeye inmektedir. Bu bildiride manuel park frenlemede kullanilan iirtinler
ve miktarlar1 elektronik park frenleme de kullanilan iriinler ve miktarlar ile kiyaslanip hem
maliyet hem de giivenlik acisindan analiz edilecektir. Ayrica manuel park frenleme de tim
kontrol siiriicii de bulunmaktadir, elektronik frenleme de ise belirlenen durumlarda siiriicii
inisiyatifine kalmamaktadir. Bu durumlar siiriicii kontagi kapali konuma getirdiginde elektronik
park frenleme otomatik sekilde ¢ekili konuma gelecektir, arag ¢alisir durumda siiriicii park freni
indirme durumu olmayacak elektronik park frenleme otomatik olarak serbest birakacaktir. Bu
islevler sayesinde siiriicii dalginlig1 ve dikkatsizligi durumundan park frenini ¢ekmemesinden
kaynakli kazalar s6z konusu olmayacaktir.

Anahtar Kelimeler: Manuel park freni, elektronik park freni, siiriis giivenligi
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1. GIRI

2002 ylll?]da TRW Automotive, ilk kaliper entegreli Elektrikli Park Freni'ni (EPB) piyasaya
siirdii(Ohlig, 2008). Her gecen yil yol kazalarinda hizli bir artis oldugu bildiriliyor, TUIK
verilerinde 2023 yilinda 235 bin 71 adet oliimlii yaralanma oldugu kaydedilmistir. Yol
giivenligi onlemleri, yoldaki araglarin giivenlik ekipmanlariyla donatilmasi gerektigi ve sadece
bunlarla kalmayip yeni teknolojilerle bazi sistemlerin siirlicii inisiyatifine birakilmamasi
iizerine degisikliklerin uygulanmasi gerekmektedir.

Kazalarin yiizde %86,8’lik kismini siiriicti kusurlar1 olugturmaktadir. Siiriicti kusurlarinda bu
bildiride dikkat c¢ekilen kisim manuel park frenini ¢ekilmemesi iizerine olacaktir. Manuel el
freni Ozelligi insan miidahalesini icerir. Kolu ¢ekmediginizde veya itmediginizde, el freni
caligmaz. Siirticii ihmal sonucu veya acil durumlarda park frenlerini kullanmay1 unuturlar. Arag
ici sistemlerin neredeyse %70’ini elektronik donanimlar olusturmaktadir(TOPUZ,
2021).Modern otomobiller, araglari daha akilli ve yakit tasarruflu hale getiren
mikroislemcilerin yerlesik ve elektronik cihazlarin entegrasyonuna dogru yavas yavas
ilerlemektedir. Bu tiir elektronik cihazlar Elektrik Kontrol Uniteleri (ECU'lar) olarak
adlandirilir ve ¢ogunlukla siiriiciiye yardimci olmak ve emniyet ve giivenlik i¢in karmagsik ve
kritik kararlar almak i¢in kullanilir(Rodelgo-Lacruz,2007). Bu durumlar karsisinda otomotiv
pazari, otonom slirlis ve frenleme yolunda binek araglarin genel giivenligini, performansini ve
konforunu iyilestirme hedefiyle kiiresel olarak Elektrikli Park Freni Sistemleri'ne (EPB) talep
gostermektedir (Pancik, 2020).

Siirticiilerde manuel olarak el freni ¢ekme serbest birakma séz konusu oldugu icin bazi
durumlarda tam ¢ekme ya da serbest birakma olmamaktadir, bu durum arag¢ ekraninda goziikse
bile siiriiciilerin dikkatin kagmaktadir. Siiriicii tam ¢ekme yapmayip araci terk edebilmektedir.
Ayni durum tam serbest birakma durumunda da karsimiza ¢ikmaktadir. Siiriicii el frenini tam
serbest birakmadiginda fren balatalar1 ciddi anlamda zarar gorecektir. Elektronik park freni ile
bu durumlarin olma ihtimali bulunmamaktadir.Elektronik park freni, egimli yiizeylerde bir
aracin tutus kabiliyetiyle ilgili yasal gereklilikleri karsilar ve diger tiim destek sistemleri uyku
modundayken ve ana gii¢ kaynag1 kapaliyken bile giivenli park etmeyi garanti eder. Hidrolik
sistemde ariza olmasi durumunda elektronik park freni, elektronik park freni anahtarim
uygulayarak acil durdurmaya izin verir.Agir vasita araglarinda aracin uzun olmasi tiiplerin
konumlandirma yerlerinin kisitli olmas1 manuel park freninin 6n kisminda olmasi pnomatik
hattin ciddi anlamda uzun olmasina sebebiyet vermektedir. Uzun boru hatt1 ve eklerin olmasi
bu eklerde kacak olma durumunu artirmaktadir, ayrica maliyet olarak etkilemektedir.

2. KULLANILAN SISTEMLER ve KOMPONENTLER
PARK FREN SIiSTEMIi

Gliniimiizde ticari araglarda daha ¢ok manuel park frenleri kullanilmaktadir. Gelisen yeni
sistemler ile birlikte manuel park frenlerin yerine elektronik park fren sistemleri kullanilmaya
baslandi, bu sayede siiriicliden kaynaklanan hatalarin 6niine gegilip daha konforlu ve daha giivenli
bir siirtis keyfi gergeklestirilmektedir.
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Haval1 fren sistemi, diger birgok fren sistemine gore biiytik iistiinliigii nedeniyle yaygin olarak
kullanilmaktadir, Cogu ticari aracta havali fren sistemi, esas olarak pnOmatik alt sistem ve
mekanik alt sistem olmak tizere iki alt sistemden olusur. Saglam bir park freni sistemi igin, havali
fren sistemine sahip bir araca yayl1 park frenleri takilir. Servis freni sistemindeki frenler hava
basinci ile uygulanir ve yaylar tarafindan geri ¢ekilirken, yayli park freni sistemindeki frenler yay
kuvveti ile uygulanir ve hava basinci ile geri ¢ekilir, ve park freni uygulanmis olur.

2.1.1. MANUEL PARK FREN SIiSTEMIi

Park freni anahtari, siiriicliniin frenleri uygulamak igin park freni yay1 akiimiilatorden havay1
bosaltmasina veya frenleri serbest birakmak i¢in akiimiilatore basing uygulamasia olanak
tanir(Khan, 2022). Manuel Park freni sistemi, gerektiginde acil durum fren sistemi olarak da
kullanilabilir. Manuel Park freni, kabinde bulunan ve park freni anahtar1 ad1 verilen bir kontrol
valfi araciligtyla calistirilir. Yayli bir valf, frenler serbest birakildiginda fren odasindaki basinci
yaklasik 8 ila 9 bar arasinda tutar.

Bir fren odasinda, hava basinci uygulandiginda pistonun hareketine yardimci olan ve itme
cubugunu gevseklik ayarlayiciya dogru iten bir diyafram vardir. Frenler uygulandiginda, yay
gerektigi gibi sikistirilir. Siiriicti, park frenini etkinlestirmek veya devre dis1 birakmak icin park
freni devresinin i¢ine veya disina hava doldurup bosaltabilir.

El freni koriikteki hava basinglandirildiginda, diyafram yay1 sikistirarak park frenini serbest
birakir. Hava serbest birakildiginda yay gevser ve el frenleri uygulanir. Gorsel 1’de Manuel
Park Fren Sistem Mimarisi gosterilmektedir.

A - | Air Supply
Tank

HBV

PBRV
(heng PeakaNate) (Parking Brake Relay Valve)

Gorsel 1. Manuel Park Fren Sistem Mimarisi
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2.1.2. ELEKTRONIK PARK FRENI (EPB)

Elektronik park freni ya da kisa adiyla EPB, klasik el freni sistemlerinin gelismis versiyonu
olarak yeni nesil araglarda kendisine yer buluyor. Ana islevi park halindeyken aracin hareket
etmesini engellemek olan fren sistemi, siiriiciilere daha yiiksek kullanim kolayligi sagliyor.
Elektronik park freni sistemi, gerek sahip oldugu 6zellikler gerekse de diger yardimci sistemler
ile entegre calismasi sayesinde siirlis glivenliginin ve konforunun ¢ok daha ytiksek seviyelere
cikmasini kolaylastiriyor. Elektronik park freni (EPB) sistemi, geleneksel el freni sistemine
kiyasla araglar i¢in genis alan saglar. Elektronik park freni (EPB) sistemi, araglar1 daha rahat
ve gilivenli hale getiren ve siiriiciilerin ihmalinden kaynaklanan ara¢ hasarini ve tehlikesini
onleyen akilli iglevleri gergeklestirir(Chien-Tai. Huang, 2008).

EPB’nin kabin igerisinde kullanilan araci, uzun bir kol yerine kiigiik boyutlu kontrol
diigmesinden ibaret oldugundan aracn i¢ tasarimini daha cekici hale getiriyor. i¢ mekanda daha
az yer kapladigi icin iiretici firmalar, EPB sistemine sahip tiim ara¢ modellerinde daha fazla
donanimsal ozellige yer verebiliyor. Gorsel 2°de Elektronik Park Fren Sistem Mimarisi
gosterilmektedir.

\“ s Air Supply
Tank

EPB (Electronic Parking Brake)
HCU Moddl

(Hand Control Unit)

Vehicle CAN

Gorsel 2. Elektronik Park Fren Sistem Mimarisi
2.2. KULLANILAN KOMPONENTLER

Sehir i¢i bir ticari araca manuel ya da elektronik park freninin uygulanmasi i¢in belli baslh
komponentler mevcuttur. Bunlar;

e Hava Besleme Tanki,
e EPB (Elektronik Park Freni) Modiili,

e PBRV (Parking Brake Relay Valve),

e HBV (Hand Brake Valve),

e HCU (Hand Control Unit),

e Spring Brake (Yayli Fren) olarak siralayabiliriz.
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2.2.1. Hava Besleme Tanki

Basingli hava tanki, yiliksek basingli havayi depolamak ve gerektiginde kullanmak icin
tasarlanmis bir {lirtindiir. Bu tanklar birgok endiistriyel ve ticari uygulamada kullanilir.

Genellikle tank veya depo olarak adlandirilan hava besleme tanklari, basingli havay1 boru
sistemi veya ekipmanlara gitmeden 6nce depolamak i¢in kullanilir. Daha basit bir deyisle, hava
tanklar1 kompresor ile degisen talep nedeniyle dalgalanan basing arasinda bir tampon
mekanizmasi gorevi yapar. Gorsel 3’de Hava Besleme Tank1 gosterilmektedir.

Gorsel 3. Hava Besleme Tanki

2.2.2. EPB (Elektronik Park Freni) Modiilii

EPB, pnomatik park freni devresindeki hava akisi i¢in gerekli valfleri kontrol eden ve harekete
geciren bir modildir(Khan, 2022) EPB, siiriicii kabini igerisindeki Park freni anahtarina
basilarak ¢alistirilir. EPB modiiliiniin i¢indeki hava basinct , siirticii park freni talep ettikten hemen
sonra diiser. Ancak sistem kisa bir gecikmeden sonra istenen basinca ulastr.

EPB modiiliine hava giris ve ¢ikiglarindan farkli olarak, Arag CAN hatt1 baglidir. Buna ek
olarak Park freni anahtar1 ile EPB modiilii arasinda 6zel bir CAN hatti mevcuttur. EPB modiilii
Park freni anahtarindan aldig1 bilgiye gore hava akisin1 kontrol etmektedir. Gorsel 4’te EPB
Sistem Akis Diyagrami gosterilmektedir.

" PARKING |
BRAKE
SWITCH

AR SPRING
— —
SUPPLY 2Rl alls CHAMBER

T

VEHICLE CANM —  Prieumatic Circuit
EBS ECU w—
(J1939) CAN Signal

Gorsel 4. EPB Sistem Akis Diyagrami
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2.2.3. PBRYV (Parking Brake Relay Valve)

Roéle valfleri hava tanklarindan fren odalarina biiylik miktarda hava aktarir ve frenler serbest
birakildiginda fren odalarin1 hizla bosaltir. Cift réle valfleri, yayli fren silindirli sistemlerde
servis freni ve park freninin ayn1 anda kullanilmasini 6nlemek i¢in siklikla kullanilir.

Yayl fren role valfi, servis fren rdle valfiyle ayni prensipte ¢alisir, ancak bunun tam tersi bir
etkisi vardir. PBRV diger bir ismi ile role valfi manurl park freninde kullanilmaktadir.
Elektronik park frenli araglarda PBRV yerine EPB modiilii kullanilmaktadir.Gorsel 5°de
PBRV’nin detayli hali mevcuttur.

Supply port
(reservoir mount type)

Service
port

Delivery ’[‘
ports (4) Exhaust

Gorsel 5. PBRV (Parking Brake Valve)

2.2.4. HBV (Hand Brake Valve)

El freni valfleri park frenini etkinlestirmek ve serbest birakmak i¢in kullanilir. Kontrol
pozisyonunda, pnomatik fren serbest birakilabilir, boylece siiriicli yayl frenin etkinligi kontrol
edebilir. El freni valfleri manuel park frenli araglarda mevcuttur. Elektronik park frenli
araclarda el freni valflerine ihtiya¢ duyulmamaktadir. El freni valfleri siiriicliniin rahatlikla
erisebilecegi yerlere konumlandirilmalidir.

Park frenleri uygulandiginda yay tarafindan gelen hava porttan disar1 atilir ve park fren
uygulanmis olur(N., Gayakwad, 2014). Genellikle ticari araglarda kullanilan el freni valfi
Gorsel 6’ da mevcuttur.

Gorsel 6. HBV (Hand Brake Valve)
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2.2.5. HCU (Hand Control Unit)

El Kontrol Unitesi (HCU) ile birlikte elektronik park freni, park sirasinda park frenini
etkinlestirme ve devre dis1 birakma gibi islevleri gerceklestirir. Ayrica sistem, dururken ve
aractan inerken otomatik frenleme veya calistirma sirasinda freni otomatik olarak serbest
birakma gibi ek giivenlik ve rahatlik islevlerini uygulamak i¢in kullanilabilir. EPB ayrica servis
freniyle birlikte orantili kullanima da olanak tanir.

Siiriici araci durdurdugunda manuel olarak siirlicii miidahalesi olmadan, siiriicii kontagi
kapatmadan, Hillholder devreye girmediginde, durak freni devreye girmedigi durumlarda park
freni otomatik uygulanir. Gorsel 7°de el kontrol {initesi gosterilmektedir.

Gorsel 7. HCU (Hand Control Unit)

2.2.6. Spring Brake (Yayh Fren)

Yayli park frenleri, giivenilir bir park freni sistemi saglamak i¢in hava freni donanimli araglarda
kullanilabilir. Servis freni sisteminde frenler yaylar tarafindan geri ¢ekilmis halde tutulur ve
hava basinciyla uygulanir.

Yay tipi park frenleri hava basict olmadan uygulanir ve uygulanmis halde kalir. Park freni
odalar1 servis freni odalarina baglanir ve frenleri ayn1 baglant1 yoluyla ¢alistirir. Bu nedenle,
park freninin etkinligi servis freni ayarma baghdir. Kabindeki el freni valfi, stiriiciiniin park
freni devresindeki havayr disar1 atarak frenleri uygulamasini veya devreyi tekrar
basin¢landirarak frenleri serbest birakmasini saglar. Sistem ayrica acil fren gorevi de gorebilir.
Ana sistemden hava kaybi, sistemin boru tesisatina bagl olarak frenleri otomatik olarak
uygulayabilir.

Park freni devre dis1 birakildiginda, EPB modiilii ikincil tanktan fren odasina hava gonderir,
yay1 sikistirir ve park frenini serbest birakir. Gorsel 8’de, el freni serbest birakma modunda park
freni devresinin isleyisini gostermektedir.
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AIR SUPPLY
TANK

PARKING BRAKE
SWITCH 1

BRAKE CHAMBER

E

EPB MODUL

Gorsel 8. El Freni Serbest Birakma Modu

Park freni harekete gegtiginde, EPB modiilii ikincil tanktan fren odasina giden hava beslemesini
keserek fren odasindaki basincin diismesine neden olur ve yayr park frenini agmaya ve
uygulamaya zorlar. Gorsel 9°da park freni devresinin fren uygulama modunda nasil ¢alistigini
gosterir.

AIR SUPPLY

TANK
PARKING BRAKE

SWITCH 1

BRAKE CHAMBER

Gl

LY Ul i

EPB MODUL

Gorsel 9. El Freni Uygulama Modu
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3. DENEYSEL CALISMALAR
3.1. Manuel ve Elektronik Park Frenleme Analizi

Manuel park frenin ve elektronik park freninin basit pndmatik semasi1 Gorsel 10 ve Gorsel 11°de
gosterilmektedir. Park frenlememe sistemi 12metre otobiis lizerinde analiz edilmektedir.

Gorsel 10. Manuel Park Freni

¥

&

Gorsel 11. Elektronik Park Freni
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Analiz yapilan 2 aragta birebir aym1 olup tek degisken fren park frenleme olacak sekilde
tasarlanmistir. Asagida bulunan Tablo 1°de manuel ve elektronik park freninde bulunan

malzeme ve miktarlar1 belirtilmektedir.

Malzeme

Manuel Park Freni

Elektronik Park Freni

MAKARON HORTUM (@14,1- 19.7500mm 19.500mm
018,35)

MAKARON HORTUM (@10,2- 13.200mm YOK
013,1)

HORTUM, POLYAMID MAVI 9.800mm 7.900mm
(8X6X100)

HORTUM, POLYAMID MAVI 21.700mm 23.100mm
(12X9x100)

HORTUM, POLYAMID MAVI 2.950mm 2.950mm
(6X4X100)

HORTUM, POLYAMID BEYAZ | 550mm YOK
(6X4X100)

HORTUM, POLYAMID BEYAZ | 12.200 YOK
(8X6X100)

HORTUM, POLYAMID MAVI YOK 1.500mm
(12X9XX1500)

PARK FREN MUSIRI VAR YOK

EL FREN VALFI VAR YOK

EL FREN CONTROL UNITESI YOK VAR
BAGLANTI ELEMANI ESIT TEE | 2 ADET YOK
HAVA TUPU 8L VAR VAR
90°SOKET DIRSEK DIRSEK 2 ADET YOK
BAGLANTI

HORTUM ADAPTORU 1 ADET YOK
TEK YONLU CEKVALF VAR VAR
ERKEK SOKET BAGLANTI 6 ADET 5 ADET
BASINC SINIRLAMA VANASI | VAR VAR
TEST ADAPTORU VAR VAR

Tablo 1. Malzeme ve Miktar Tablosu

Yukarida bulunan tabloda kullanilan hortum ve boru miktarlar1 ve ara baglanti elemanlar:
manuel park freninde elektronik park frenine gére olduk¢a fazladir. Bu durum hatta kacak olma
noktalarini artirmaktadir. Uretim kisminda daha uzun hatlarin olmasi sistemi karmasiklastirip
montaj siiresini uzatmaktadir. Hattin uzun olmasi tepki resini de tekilemektedir, bu siire goz

ard1 edildebilecek bir sturedir.

El freni valfi montajlamasinda podyum iizerinde ekstra bir braket ile konumlandirilmasi
gerekirken elektronik park freni i¢in el control {initesi siirlicii bolmesinde direk montajlama
imkani1 bulunmaktadir. Bu durum da montaj kolayligin1 saglanmaktadir.Manuel park freninde
bulunan park fren miisiri el freni ¢ekili bilgisini elektriksel olarak kablo baglantisi ile elektronik
fren sistem modiiliine yollamaktadir, elektronik frenlme sistem modiilii aldig1 bilgi ile pndmatik
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modiilatore sinyal yollayip hava iletme-kesme islemini yapmasini saglamaktadir. Bu durum
elektronik park frenleme CAN-Bus iizerinden kablosuz haberlesme ile yapilmaktadir.

4. SONUCLAR VE DEGERLENDIRME

Elektronik park frenleme giivenlik agisindan 6nde olmasinda bir¢ok sebep bulunmaktadir.

Hortum, boru hattinin kisa olmasindan dolay1 kagak ihtimalinin diigmesi, ara¢ durunca otomatik
olarak par freninin ¢ekilmesi, manuel frenleme yapmak istediginde siirticiiyli algilamak i¢in
frene basili olmasi bu bilgi gelmediginde el kontrol {initesine uzun siire basili tutup serbest
birakma islemi gerceklesmesi ve manuel olarak bosta veya park halinde serbest birakma
istenildiginde giivenlik 6nlemi olarak gaz pedalina basilmasi gereklidir.

Ek olarak manuel park frenleme iptal etme durumu mevcuttur. Bu durum toplu tasima
araclarinda park freni siiriicii inisiyatifinde olmasi istenmediginde manuel olarak park frenine
miidahale edilmesi CAN-Bus iizerinden iptal edilebilmektedir. Park freni sadece otomatik
olarak ¢ekilir ve serbest kalir. Tiim kosullar diisiiniildiigiinde giivenlik konusunda otomatik
park frenleme manuel park frenlemeye gore kaza ve hava kacagi olasiliklarinda daha en aza
indirgemede etkili bir sistemdir.

Elektronik park freni ile konfor da beraberinde gelmektedir. Araci galigip vitese gegtiginde park
freni serbest kalmasi otomatik gergeklesir.

Yukarida belirtilen agiklamalarda elektronik park frenlemenin manuel park frenleme kargisinda
giivenlik agisindan birgok iistiinliigli anlatilmigtir. Uzun vadede binek araclarda elektronik park
frenlemeye nasil gecis olduysa ayn1 durum toplu tasima araglarinda da karsimiza ¢ikacaktir.
Gittikge artan trafik yogunlugu ve siirticiilerin dikkatsizligi kaynakli kazalarin oniine gelisen
sistemler ile en aza indirgenecektir.
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ELEKTRIKLI ARACLARDA KULLANILAN REJENERATIF FREN
SISTEMLERININ MENZIL ARTIRIMINA KATKISININ iNCELENMESI

Dr.Ogr.Gor. OGUZ KURSAT DEMIRCIi
Erzincan Binali Yildirim Universitesi, 0000-0003-1572-2607

Prof. Dr. MURAT CETIN
Erzincan Binali Yildirim Universitesi, 0000-0003-0076-9648

OZET

Giliniimiizde elektrikli araglarin (EV) yayginlagmasiyla birlikte, enerji verimliligi ve menzil
artirimi konular1 otomotiv teknolojilerinin merkezinde yer almaktadir. Bu baglamda, rejeneratif
fren sistemleri 6nemli bir rol oynamaktadir. Rejeneratif frenleme, frenleme sirasinda ortaya
¢ikan kinetik enerjinin 1stya doniismesi yerine, bu enerjiyi geri kazanarak elektrik enerjisine
doniistiirmeyi amaglamaktadir. Bu siireg, aracin bataryasinin sarj edilmesine olanak taniyarak
genel menzil performansina dogrudan katki saglar. Bu ¢alismada elektrikli araclarda bulunan
rejeneratif fren sistemlerinin siirlis menziline olan katkis1 incelenmistir.

Anahtar Kelimeler : Rejeneratif fren sistemi, elektrikli araglar, siiriis menzili.

INVESTIGATION OF THE CONTRIBUTION OF REGENERATIVE BRAKING
SYSTEMS USED IN ELECTRIC VEHICLES TO THE INCREASE OF MILEAGE

ABSTRACT

Nowadays, with the widespread use of electric vehicles (EVs), energy efficiency and range
extension issues are at the center of automotive technologies. In this context, regenerative
braking systems play an important role. Regenerative braking aims to recover the kinetic energy
generated during braking and convert it into electrical energy instead of converting it into heat.
This process allows the vehicle's battery to be charged, thus directly contributing to the overall
range performance. In this study, the contribution of regenerative braking systems in electric
vehicles to driving range was investigated.

Keywords : Regenerative braking system, electric vehicles, driving range.
1. GIRIS

Gelisen teknoloji ile birlikte, otomotiv endiistrisi de koklii degisimler yasamaktadir. Elektrikli
araclar (EV), bu degisimlerin en belirgin 6rneklerinden birini temsil etmektedir. Elektrikli
araglar, icten yanmali motorlar yerine elektrikle ¢alisan motorlar kullanir. Bu araglar, enerji
depolamak i¢in genellikle lityum iyon bataryalar kullanarak elektrik enerjisini depolar ve bu
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enerjiyi motora ileterek hareket ederler. Elektrikli araglar, sifir emisyonlu tasima alternatifleri
olarak one ¢ikmakta ve ¢evre dostu bir ulasim ¢6ziimii sunmaktadirlar [1,2].

Enerji verimliligi, elektrikli araglarin temel avantajlarindan biridir. Geleneksel i¢ten yanmali
araclar, enerjinin bliyiik bir kismini 1s1 enerjisine doniistiirerek kaybederken, elektrikli araglar
enerji doniisiimiinde daha yiiksek bir verimlilik oran1 sunmaktadir. Elektrikli motorlar, %90’1n
iizerinde bir enerji verimliligi sunabilirken, i¢ten yanmali motorlarda bu oran genellikle %20-
30 bandindadir. Yani, elektrikli araglar, depoladiklari elektrigi daha etkin bir sekilde
kullanabilmekte ve bu nedenle daha az enerji tiketerek daha uzun mesafeler kat
edebilmektedirler. Bu durum hem gevresel siirdiiriilebilirlik hem de ekonomik agidan énemli
faydalar saglamaktadir [3].

Rejeneratif frenleme, elektrikli araclarin enerji verimliligini daha da artiran 6nemli bir
teknolojidir. Bu sistem, frenleme sirasinda motoru jenerator olarak kullanma prensibine
dayanir. Normal frenleme iglemi sirasindaki kinetik enerji kaybini geri kazanarak devreye giren
rejeneratif frenleme sistemi, aracin hareket halindeyken sahip oldugu kinetik enerjiyi elektrige
dontstiiriir. Doniistiiriilen elektrik enerjisi ise bataryalara geri beslenerek tekrar kullanilmak
iizere depolanir. Boylece, frenleme sirasinda kaybedilen enerji, aracin menzilini uzatmak tizere
geri kazanilmis olur [4].

Rejeneratif frenleme sistemi, 6zellikle sehir i¢i kullanimlarda biiyiik avantajlar sunmaktadir.
Sik sik dur-kalk yapilan bir sehir trafiginde, bu sistem sayesinde enerji kayiplarinin azaltilmasi
mimkiin hale gelebilir. Ani frenlemeler hari¢ normal seyir esnasinda gergeklestirilen
frenlemelerde fren balatasinin diske siirtiinmesi ile yavaslama yerine elektrik motorunun
kullanilmasi, hem enerji geri kazanimina katkida bulunur hem de fren sisteminin dmriinii uzatir.
Bu sistem, elektrikli araglarin siiriis menzilini 6nemli dl¢lide artirarak kullanicilarin sarj etme
gereksinimlerini azaltir [4,5].

Diinyada elektrikli araglarin benimsenmesi, Ozellikle menzil kaygilarinin azaltilmasiyla
dogrudan iligkilidir. Kullanicilar, elektrikli araglarmnda menzil endisesi yasamadan uzun
mesafeler kat edebilme istegi tasimaktadir. Rejeneratif fren sistemi, bu baglamda kullanici
deneyimini ciddi sekilde iyilestirmekte ve elektrikli araglarin cazibesini artirmaktadir. Enerjinin
geri kazanilmasi, Ozellikle uzun yolculuklar esnasinda menzil kaygisim1i 6nemli Olciide
hafifletmektedir [4-6].

Ayrica, rejeneratif fren sisteminin sagladigi enerji geri kazanim, elektrikli araglarin toplam
enerji maliyetlerini diisiirmektedir. Enerji maliyetlerinin ve kilometre bagina harcanan enerji
miktarinin kullanic1 6ncelikleri igerisinde Onemli bir yer tutmasi ve bu maliyetlerinin
azaltilmasi, elektrikli araclarin uzun vadeli sahiplik giderlerini goz 6niine aldigimizda biiyiik
bir avantaj sunar. Arag sahipleri, enerjinin daha verimli kullanilmasi sayesinde uzun siireli sarj
gereksinimlerini azaltabilir ve bu sayede toplam sahip olma maliyetlerinde tasarruf saglanmis
olur [5,6].
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2. REJENERATIF FREN SISTEMLERI

2.1. Geleneksel ve Rejeneratif Frenleme Mekanizmasi

Geleneksel frenleme sistemleri, genellikle mekanik ve hidrolik bilesenler kullanarak aract
yavaslatma ya da durdurma islevini gergeklestirir. En yaygin tiirleri disk ve tambur frenlerdir.
Disk fren sistemlerinde, fren kaliperleri balatalar araciligi ile disk yiizeyine baski yaparak
stirtlinme olusur ve bu siirtiinme ile arag yavaslar. Tambur fren sistemlerinde ise, fren pabuglar
tamburun i¢ ylizeyine temas eder ve benzer bir siirtiinme etkisi ile frenleme siireci gergeklesir.
Geleneksel fren sistemlerinin en biiyilik dezavantaji, enerji kaybidir. Frenleme islemi sirasinda
kinetik enerji, 1s1ya doniiserek atmosfere salinir ve bu durum, enerji verimliligini olumsuz
etkiler. Ayrica, bu sistemler siklikla fren aginmasi ve bakim gereklilikleri nedeniyle kullanicilar
icin ek maliyetler dogurur. Bu acidan, geleneksel sistemler, frenleme islevini etkin bir sekilde
yerine getirse de siirdiiriilebilirlik hedeflerine ulasmada yetersiz kalmaktadir [7,8].

Rejeneratif fren sistemleri ise ozellikle elektrikli ve hibrit araglarda kullanilan yenilikgi bir
teknolojidir. Bu sistemler, frenleme sirasinda olusan kinetik enerjiyi elektrige doniistiirerek
bataryalarda depolar. Dolayisiyla geleneksel fren sistemlerine gore enerji tasarrufu saglar.
Rejeneratif frenleme, frenleme veya yavaslama esnasinda tekerleklerin doniis hareketinin
elektrik motorunun tersi yonde ¢alismasiyla gergeklesir; bu durumda, elektrik motoru jenerator
olarak iglev goriir [9].

Rejeneratif fren sisteminin ¢alismasi su sekilde 6zetlenebilir: Ara¢ hizlandiginda kullanilan
enerji ile ilerlerken, frenleme sirasinda bu enerji, motorun jeneratdr moduna gegmesiyle birlikte
geri kazanilir. Bu frenleme islemi ile birlikte, aracin bataryasi yeniden sarj olurken, ayni
zamanda frenleme icin gereken enerji de azalir. Boylece hem enerji verimliligi artirilir, hem de
fren sistemlerinin aginma oranlar diisiiriilerek bakim maliyetleri azaltilir [10].

Geleneksel frenleme sistemleri ve rejeneratif fren sistemleri, otomotiv mithendisligi alaninda
onemli farkliliklar ve avantajlar tasimaktadir. Geleneksel sistemler, saglamlig1 ve etkinligi ile
taninirken, enerji verimliligi, cevresel siirdiiriilebilirlik ve maliyet etkinligi agisindan rejeneratif
fren sistemleri bir adim One c¢ikmaktadir. Gelecek otomotiv teknolojilerinin gelisimi ve
elektrifikasyon siiregleri goz oniine alindiinda, rejeneratif fren sistemlerinin 6nemi daha da
artacak ve g¢evre dostu ulasim tercihleri olusturma yolunda biiyiik katki saglayacaktir. Bu
nedenle, otomotiv endiistrisinin gelecegi agisindan bu iki fren teknolojisinin detayli bir analizi,
mithendislik ¢aligmalari ve arastirmalar i¢in 6nemli bir konudur [11].

2.2. Rejeneratif Frenlemenin Calisma Prensibi ve Bilesenleri

Rejeneratif frenleme, elektrik motorlarinin jeneratér gibi ¢alismasina dayanmaktadir. Bu
sistemde, ara¢ hizlandiginda elektrik motoru, bataryadan aldig: elektrik enerjisi ile tahrik edilir.
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Ancak frenleme esnasinda motor, elektriksel bir ylik olarak ¢aligmaya baglar. Kinetik enerji,
motorun rotorunda donerken birkag fiziksel mekanizmay1 devreye sokarak elektrik enerjisine
dontstirilir [12].

Frenleme sirasinda, aracin hareket enerjisi azalir ve motor, bu diisen hizin etkisiyle gerilim
iiretmeye baslar. Motor, rotorun doniisii araciligiyla indiiklenmis bir akim elde eder. Uretilen
bu elektrik enerjisi, sistemdeki inverter araciligiyla diizenlenir ve bataryaya yonlendirilir.
Boylece, kinetik enerjinin kapali bir dongii i¢inde yeniden kullanilmasini saglayan bir
mekanizma olusturulmus olur. Rejeneratif frenlemede kullanilan motorlar genellikle DC (dogru
akim) ve AC (alternatif akim) motorlaridir. Her iki tiir motor tiiriiniin kendi igerisinde belirli
avantajlari mevcuttur. Ornegin, DC motorlar daha basit yapilar1 ve diisiik maliyetleri ile 6ne
cikarken, AC motorlar daha yiiksek verimlilik ve dayaniklilik sunar. Rejenerasyonu saglayan
motorlarin Ozellikleri igerisinde onemli unsurlardan bir tanesi de frenleme sirasinda elektrik
iiretebilmek icin torku artirma 6zelligine sahip olmalaridir. Algak hizlarda yiiksek tork saglama
kapasitesi, frenleme sirasinda olduk¢a 6nemlidir. Bu baglamda, senkron ve asenkron motorlar,
rejeneratif frenleme sistemleri i¢in yaygin olarak kullanilmaktadir [12,13].

Senkron motorlar elektrigi oncelikli olarak motorun rotoruna ileten bir sistemle calisirlar.
Senkron motorlar, sabit bir hizda ¢alisarak daha verimli enerji doniisiimii saglarlar. Frenleme
sirasinda, rotorun hizi azaldik¢a motor, jeneratdr gibi davranir ve kinetik enerjiyi elektrik
enerjisine donistiiriir. Asenkron motorlar ise genellikle daha basit bir yapiya sahiptir ve
frenleme sirasinda daha biiytik bir tork tiretebilirler. Bu tiir motorlar daha genis hiz araliklarinda
caligabilir ayrica maliyet agisindan daha rekabet¢i olabilir [10-13].

Rejeneratif Frenleme Sistemi
atarya Batarya
'E::a%. [ Batarya J Sarj{

Vg b

Hizlanma Frenleme
Siiriis Modu Rejenerasyon Modu

‘ Motor/Jeneratér '

Transmisyon

Gorsel 1. Rejeneratif Frenleme Sistemi Semasi [14]

Rejeneratif frenleme sistemlerinde bir diger 6nemli bilesen ise inverterlerdir. Inverterler,
elektrik akiminin yoniinii degistiren ve motorun ¢alisma bi¢imini kontrol eden elemanlardir.
Frenleme sirasinda, motor jenerator olarak ¢alistiginda, inverter devreye girer ve iiretilen AC
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elektrik akimin1 dogru akima (DC) cevirerek bataryaya yonlendirir. Inverterlerin etkinligi,
rejeneratif frenleme isleminin verimliligi agisindan son derece dnemlidir. Yiiksek verimlilige
sahip inverterler, birim zamanda maksimum enerji doniisimii saglayarak sistemin genel
performansini artirir. Bunun yani sira, inverterlerin kontrol algoritmalar1 da frenleme sirasinda
motorun optimum seviyede ¢aligmasini saglamak agisindan kritik 6neme sahiptir [12-14].

Rejeneratif frenleme sistemi, enerji depolama tiiniteleri olan bataryalarla tamamlanmaktadir.
Frenlemeden elde edilen elektrik enerjisi, bataryalarda depolanarak daha sonra ihtiyag
duyuldugunda kullanilmak {izere saklanir. Bu baglamda, rejeneratif frenleme sisteminin
etkinligi, bataryalarin kapasiteleri ve sarj alma hizlariyla dogrudan iliskilidir. Lityum iyon
bataryalar, elektrikli araglar i¢in en sik tercih edilen enerji depolama ¢oziimiidiir. Yiiksek enerji
yogunlugu, uzun 6miir ve hizli sarj olma 6zellikleri ile rejeneratif frenleme sistemleri i¢in ideal
bir ¢6ziim sunarlar. Ayrica, bataryalarin yonetim sistemleri bu siireci optimize etmek ve
bataryanin sagligini1 korumak igin kritik bir rol oynamaktadir [13,14].

Birgok otomotiv iireticisi, elektrikli araglarinda rejeneratif fren sistemlerini standart hale
getirmigtir. TOGG T10X, Tesla Model Y, Nissan Leaf ve BMW i3 gibi modeller, gelismis
rejeneratif frenleme sistemleri ile donatilmistir. Bu araclar, stiriiciilere ¢esitli siiriis modlar1
sunarak frenleme deneyimini optimize eder ve enerji geri kazanimini artirir. Ornegin, Tesla’nin
“one-pedal driving” 6zelligi, siiriiclinlin sadece gaz pedalina basarak hizlanmasini saglarken,
pedaldan ayagini ¢ektiginde rejeneratif frenlemenin otomatik olarak devreye girmesini saglar.
Bu durum hem siiriis konforunu artirir hem de enerji verimliligini optimize eder [10-14].

3. REJENERATIF FREN SISTEMLERININ SURUS MENZILINE KATKISI

Rejeneratif frenleme sisteminin menzile olan katkisi ile ilgili literatiirde gergeklestirilen
caligmalar incelendiginde gesitli yol gilizergahlarina, batarya tiplerine ve rejeneratif sistem
yonetimine gore farkli sonuglar elde edildigi goriilmektedir. Erdem’in gergeklestirmis oldugu
tez caligmasinda Matlab/Advisor programi kullanilarak tasarlanan elektrikli aracin performansi,
IM240 siiriis programi ¢ercevesinde ii¢ farkli egim kosulunda (yokus yukari, diiz yol ve yokus
asag1) rejeneratif frenleme ile elde edilen enerji miktarlari {izerinden analiz edilmistir. Test
stiresi boyunca, aracin 85. saniyesindeki frenleme sirasinda elde edilen negatif ¢cekme kuvveti
incelenmistir. Sonuglar degerlendirildiginde, yokus yukarida 4,850 kW, diiz yolda 9,002 kW
ve yokus asagida 13,058 kW giiclin geri kazanildig1 goriilmiistiir. Ayrica, standart kosullar
altinda kursun asit, NIMH ve lityum-iyon bataryalar simiilasyon yontemiyle test edilmis ve
enerji geri kazanim miktarlart analiz edilmistir. Elde edilen simiilasyon sonuglari, kursun asit
bataryalarin 9,002 kW, NIMH bataryalarin 7,367 KW ve lityum-iyon bataryalarin ise 6,822 kW
giicle enerji depoladigin1 ortaya koymustur. Ara¢ menzilinin rejeneratif frenlemeden nasil
etkilendigi, CYC_UDDS, CYC NEDC ve CYC USO06 siiriis dongiilerinde test edilmistir.
Kentsel siiriis kosulunda arag menzili %11.6, yeni Avrupa siiriis dongtisiinde %7,2 ve yiiksek
hiz-yiiksek hizlanma dongiisiinde %8.1 oraninda artis gostermistir. Bu bulgular, rejeneratif
frenlemenin elektrikli araclarin performans: ve menzilini 6nemli dlgiide iyilestirebilecegini
gostermektedir [15]. Kocakulak ve Solmaz’in gergeklestirdigi ¢alismada ise elektrikli bir arag
modeli olusturularak modeli gelistirilen aracin NEDC, ECE-15, EUDC, FTP ve US06 siiriis
dongiileri iizerinde performans: degerlendirilmistir. Yapilan simiilasyon ¢alismalari
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neticesinde, simiile edilen modelin enerji tiiketimi tizerindeki etkileri analiz edilmistir. Bulanik
mantik kontrol stratejisi kullanilarak tasarlanan rejeneratif fren sisteminin elektrikli arag
izerindeki performansi, NEDC testinde %15,4, ECE-15 testinde %19,7 ve EUDC dongiistinde
%11,9 oraninda enerji tasarrufu sagladigi belirlenmistir. Geleneksel rejeneratif fren sisteminin
yerine, bulanik mantik ile kontrol edilen rejeneratif fren uygulamasinin, NEDC'de %4,8, ECE-
15'te %3,78 ve EUDC siiriis dongiisiinde %35,44 arti enerji tasarrufu sagladigi sonucuna
ulagilmistir. [16] Lee ve arkadaslar elektrikli bir aracin rejeneratif fren sisteminin gergek yol
ve siirlis kosullarinda enerji tiiketim karakteristikleri iizerine etkisini incelemek {iizere
gerceklestirdikleri caligmada rejeneratif frenleme aktif halde iken ve rejeneratif frenleme etkisi
olmadan 5 farkl: siiriis asamasinda testler gergeklestirmislerdir. Test sonuglari incelendiginde
toplam batarya enerji tiiketiminin rejeneratif frenleme ile 0,1,2,3 ve i-pedal asamalarinda
%19,8, %26,1, %35,9, %41,0 ve %41,7 oranlarinda iyilestigi goriilmiistiir [17]. Asagidaki
sekilde yapilan arastirmaya ait enerji tiiketim grafigi verilmistir [17].

Rejenerasyonsuz
Rejenerasyonlu 41.7%
! j Y 35.9% 41.0% 155
16,395 3
- 19.8% | 26-1%
14.455

20

=
(%]

10677
9.68 9.615

Enerji Tiiketimi [kWh]
o =)

Asama 0 Asama 1 Asama 2 Asama 3 |-Pedal
Gorsel 2. Rejeneratif Frenleme ile ve Rejeneratif Frenleme Olmadan Gergeklesen Toplam
Enerji Tiiketimi [17]

Li ve arkadaslar1 bulanik sinir agina dayali saf elektrikli araglar i¢in rejeneratif frenleme kontrol
stratejisi tizerine gergeklestirdikleri caligmada, elektrikli araglar igin rejeneratif fren enerjisi geri
kazanim sistemlerinin verimliligini ve giivenligini arastirmislardir. Fren yogunlugu, arag¢ hizi
ve batarya sarj durumunun rejeneratif frenleme performansi {izerindeki etkisi géz Oniinde
bulundurularak hidrolik frenleme veya rejeneratif frenlemeyi gergeklestirmek igin ti¢ girisli tek
¢ikislt bir bulanik kontrolor gelistirilmistir. Olusturulan algoritmayla rejeneratif ve hidrolik
frenleme kuvvetleri yeniden dagitilmigtir. AVL Cruise yazilimi kullanilarak yapilan
simiilasyon NEDC ve FTP-75 calisma kosullar1 altinda gerceklestirilmistir. Bulanik sinir aglar
kullanilarak elde edilen fren enerjisi geri kazanim verimliligi, NEDC ve FTP-75 kosullar
altinda sirasiyla %14,52 ve %39,61 olarak elde edilmistir. Elde edilen sonuglar ile rejeneratif
frenleme i¢in gelistirilen kontrol stratejisinin fren enerjisi geri kazanimi tizerinde olumlu etkiye
sahip oldugu gorilmiistiir [18].

4. GENEL DEGERLENDIRME VE SONUCLAR

Rejeneratif fren sistemleri, elektrikli araglarin menzil artirrminda kritik bir rol oynamaktadir.
Enerji geri kazanimi, siiriis verimliligi ve batarya yOnetimi gibi unsurlar, bu sistemlerin
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etkinligini dogrudan 6n plana ¢ikarmaktadir. Elektrikli araglardaki menzil artis1 toplumun ve
bireysel siiriiciilerin elektrikli araglart benimsenmesi ve kullanim miktarinin artmasi agisindan
olduk¢a 6nemlidir. Gelecekte, bu teknolojinin daha da gelistirilmesi, elektrikli araglarin
yayginligin1 artiracak ve siirdiiriilebilir ulagim hedeflerine ulagsmada ©Onemli bir katki
saglayacaktir. Elbette, rejeneratif fren sistemlerinin etkin bir sekilde kullanilabilmesi igin
striicii egitimleri ve teknolojinin tanitimi da Onemli bir faktor olacaktir. Literatiirde
gerceklestirilen ¢aligmalarda %41,7’ye varan oranlarda enerji kazanimi saglandigi goriilmiistiir.
Bu orandan da anlasilacagi iizere rejeneratif frenleme elektrikli araglarin vazgegilmez bir 6gesi
haline gelmistir. Gelecekte gerceklestirilmek istenen c¢aligmalarda ise rejeneratif fren
sistemlerinde kontrol mekanizmalarmin makine 6grenmesi ve siirlis tarzina gore optimum
enerji kazanimi elde edilmesi {izerine yogunlasacagi on goriilmektedir. Ayrica rejenerasyon
sonucu geri kazanilan enerjinin rejenerasyon i¢in daha verimli sonuclarin elde edildigi batarya
tirleri kullanilarak saklanip-harcanmasi konusunda da calismalar gergeklestirilmelidir. Sonug
olarak, elektrikli araglarda bulunan rejeneratif fren sistemleri, yalnizca enerji verimliligini
artirmakla kalmayip, ayn1 zamanda kullanici deneyimini de iyilestirerek, gelecegin ulasim
coztimlerinde onemli bir yer tutacaktir.
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ABSTRACT

This study investigates the efficiency of the Honey Badger Algorithm (HBO) in solving large-
scale discrete structural design problems, particularly focusing on steel frame structures. HBO
is a relatively recent optimization algorithm, and its performance has been compared with
established methods such as Particle Swarm Optimization (PSO) and Artificial Bee Colony
(ABC) algorithms. All proposed algorithms are implemented in MATLAB, utilizing
Application Programming Interface (OAPI) functions to facilitate seamless data exchange
between MATLAB and structural analysis software (SAP2000) for obtaining structural
responses efficiently. A large-scale, real-world structural design problem, comprising a 17-
story irregular steel frame, is selected as a case study. The design constraints, including
displacement, drift, strength, and stability, are derived from the AISC-LRFD specifications.
The objective is to achieve the minimum design weight while ensuring compliance with these
structural behavior limitations, thus leading to an optimal and cost-effective design. The
performance of HBO is critically compared to PSO and ABC, with a focus on identifying the
algorithm's capability in discovering optimal solutions for real-world large-scale steel
structures. The comparative analysis demonstrated the effectiveness of HBO in achieving
optimal designs, and the detailed performance evaluation of all algorithms is presented, offering
insights into their applicability for complex structural optimization tasks.

Keywords: 3D steel frame, Honey badger Algorithm, Minimum weight, Optimization.

1. INTRODUCTION

Structural frame system optimization is a crucial aspect of civil and structural engineering
design, focusing on minimizing weight, cost, or material usage while maintaining or improving
performance and safety[1]. The primary goal of frame optimization is to achieve an efficient
load-bearing structure by optimizing the geometry, cross-sectional properties, and material
selection under specified loading conditions, including static and dynamic loads such as wind
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or seismic forces[2,3]. In the context of high-rise buildings, bridges, or industrial structures,
optimization techniques often involve mathematical formulations where constraints like
maximum allowable deflections, stress limits, and stability requirements must be satisfied. The
objective function typically involves minimizing the total weight of the frame system, which is
directly correlated with construction costs and environmental impact. VVarious optimization
algorithms are used for frame system optimization, ranging from gradient-based methods to
advanced metaheuristic techniques like Genetic Algorithms (GA)[4], Particle Swarm
Optimization (PSO)[5], and Grey Wolf Optimization (GWO)[6]. These metaheuristic
algorithms are especially valuable when dealing with complex, nonlinear, and multi-modal
design spaces, where traditional methods might fail to find global optima efficiently. The choice
of materials, including steel, concrete, or composite materials, plays a pivotal role in
optimization. Each material has different strength-to-weight ratios, durability, and cost
implications, influencing the final design outcome. Structural elements must be optimized to
carry design loads, including dead, live, wind, and seismic loads, without exceeding stress and
deflection limits[7]. Ensuring adequate load transfer within the frame and preventing failure
mechanisms such as buckling is paramount. The layout of beams, columns, and braces must be
optimized to provide maximum stiffness while using the least material. This often involves
determining the optimal number and placement of structural elements, taking into account
factors like symmetry, buildability, and architectural constraints. In high-rise buildings, the
dynamic response to seismic and wind forces is a major consideration. In large-scale structures,
local optimization might lead to suboptimal global performance. Hence, the optimization
process must consider the system as a whole, balancing local design efficiencies with overall
structural integrity and performance[8]. Frame optimization problems are constrained by
multiple factors, including material strength, buckling resistance, deflection limits, and
architectural requirements. Effective constraint handling is necessary to ensure the feasibility
of optimized solutions, and algorithms must be capable of navigating the feasible search space
effectively[9].

The optimization of frame systems in structural engineering is a complex, multi-objective
problem that requires balancing numerous design criteria[10,11]. The use of advanced
optimization algorithms, coupled with robust structural analysis tools like finite element
methods (FEM), allows engineers to explore innovative designs that achieve high efficiency in
terms of material usage, cost, and performance. This field continues to evolve with the
integration of machine learning techniques, promising even greater advancements in automated
and intelligent design processes for future structures.

Metaheuristic algorithms play a significant role in the optimization of three-dimensional steel
structures, particularly in the design process where complex, nonlinear, and multi-objective
problems are involved[12]. Traditional optimization methods often fall short in handling the
vast design space and the highly nonlinear relationships between variables in steel structure
design[13]. Metaheuristic algorithms, on the other hand, offer robust and flexible solutions to
explore and exploit the design space effectively. The design of steel structures involves various
nonlinear constraints, such as those related to stability (e.g., buckling), strength, and
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serviceability limits (e.g., deflections and vibrations)[14]. Metaheuristic algorithms can
efficiently handle these complex constraints by incorporating penalty functions or other
techniques, ensuring that the generated solutions remain feasible while optimizing structural
performance[13]. In the design of 3D steel structures, multiple objectives often need to be
optimized simultaneously, such as minimizing weight while maximizing structural stiffness or
minimizing material costs while ensuring safety and stability under dynamic loads.
Metaheuristic algorithms provide powerful tools for solving the complex optimization
problems inherent in the design of three-dimensional steel structures. Their ability to handle
nonlinearities, multi-objective functions, and large-scale design spaces makes them
indispensable in modern structural engineering practices.

2. DEFINITIONS OF ALGORITHMS
2.1. Particle Swarm Optimization

Particle Swarm Optimization (PSO) [5] is a widely used metaheuristic algorithm, introduced in
1995 by James Kennedy, a social psychologist, and Russell Eberhart, an electrical engineer. It
is inspired by the social behavior observed in nature, particularly the coordinated movement
patterns of animals like birds flocking or fish schooling. PSO applies these natural interaction
principles to optimization problems, making it a robust, stochastic optimization technique. PSO
is based on the collective intelligence of a swarm of particles. Each particle in the swarm
represents a potential solution to the optimization problem. The particles "fly" through the
search space, guided by their personal experience and the collective experience of the swarm.
This cooperative behavior allows the swarm to explore the solution space more efficiently than
isolated individuals. Each particle is characterized by two key properties: position and velocity.
The position represents a potential solution, while the velocity dictates how the particle moves
in the search space[15]. The particles update their positions iteratively based on their current
velocity, their own previous best position (personal best or pBest), and the best position
discovered by the entire swarm (global best or gBest). Personal Best (pBest): Each particle
keeps track of the best solution it has encountered so far. This is the particle’s personal
experience.

Global Best (gBest): The best solution found by any particle in the entire swarm. This is the
collective knowledge of the swarm. The velocity of each particle is updated at every iteration
based on three components:

Inertia: The previous velocity, encouraging the particle to keep moving in the same direction.
Cognitive Component: A term that pulls the particle towards its personal best solution,
reflecting individual exploration.

Social Component: A term that pulls the particle towards the global best solution, encouraging
collective learning and exploration of the best-known areas of the search space.

The position of each particle is then updated using the following equation:

The inertia weight plays a crucial role in balancing exploration (searching new areas of the
search space) and exploitation (refining known good solutions). A large inertia weight
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encourages exploration, while a smaller weight promotes exploitation. This balance is vital to
the success of the algorithm. The algorithm iterates until a termination criterion is met.

2.2. Atrtificial bee optimization algorithm

The Artificial Bee Colony (ABC) [16] algorithm is a popular metaheuristic optimization
technique inspired by the foraging behavior of honeybees. Developed by Dervis Karaboga in
2005, it mimics how honeybees search for nectar sources and share this information with other
bees to find optimal solutions in a multi-dimensional search space.

The ABC algorithm consists of three types of artificial bees, each playing a specific role in the
search for the optimal solution:

o Employed Bees: These bees are associated with a specific food source (potential
solution) and search the surrounding area to improve the current solution. They exploit
known good solutions to refine them further.

e Onlooker Bees: These bees wait in the hive and observe the dances of employed bees.
Based on the quality (fitness) of the food sources found by employed bees, onlookers
select which food source to exploit, guiding them towards promising regions of the
search space.

e Scout Bees: These bees perform a random search when an employed bee abandons a
food source (i.e., when the solution does not improve after a certain number of
iterations). This prevents stagnation and encourages exploration of new areas of the
search space.

The algorithm iterates over a series of cycles, where employed bees, onlookers, and scouts work

together to explore and exploit the search space. Each employed bee is assigned a food source
(solution) and generates a new solution by modifying its current position. The position update
is based on the difference between the current solution and a randomly selected neighbor's
solution. The algorithm continues until a stopping condition is met, such as a predefined number
of iterations or a satisfactory fitness level. The best solution found during the process is returned
as the optimal solution

2.3. Honey Badger optimization algorithm

The Honey Badger Algorithm (HBA) [17] is a relatively new nature-inspired metaheuristic
optimization technique that mimics the foraging behavior of honey badgers. Known for their tenacity
and adaptability, honey badgers exhibit highly efficient searching patterns when hunting for food,
particularly honey, which the algorithm takes inspiration from. Developed in 2020 by Sajjad
Rahnamayan and colleagues, HBA is designed to solve complex optimization problems by imitating
how honey badgers explore and exploit their environment. The Honey Badger Algorithm balances two
key behaviors: exploration (searching new areas) and exploitation (refining known solutions). The
algorithm simulates the way honey badgers dig into the ground to uncover honey (exploitation) and
how they move across different regions to find new sources of food (exploration). HBA models the
hunting process using energy and distance concepts. The energy of the honey badger decreases as it
digs deeper into the ground (closer to the optimal solution), and the distance represents how far the
badger is from the food source (optimal solution). Over time, the energy gradually decreases, allowing
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the honey badger to focus more on exploitation (refining solutions) as it gets closer to the global
optimum. The algorithm uses mathematical functions to update the position of the honey badger,
mimicking how they adapt their movement patterns based on their proximity to the food source. In this
phase, the honey badger explores new regions of the search space. Its movement is random and diverse,
helping it avoid getting stuck in local optima. As the honey badger approaches the food source, its
movements become more focused. The exploitation phase is governed by the energy depletion
function, which controls the intensity of search refinement around promising areas. During the digging
phase, a honey badger performs a movement similar to a cardioid pattern. The situation where a
honey badger follows a honey guide bird to reach the hive can be simulated

3.3D FRAME MINIMUM WEIGHT OPTIMIZATION

SAP2000 is a widely used structural analysis and design software developed by Computers and
Structures, Inc. (CSI), which allows for the modeling, analysis, and design of various types of
structures, including buildings, bridges, and other infrastructure. It supports a wide range of
analysis methods such as linear and nonlinear static and dynamic analysis, as well as various
design codes. MATLAB, on the other hand, is a high-level programming environment
frequently used in engineering for numerical computations, algorithm development, and data
visualization. Integrating SAP2000 with MATLAB through an Application Programming
Interface (OAPI) [18] offers significant advantages, allowing users to automate the analysis and
optimization of structural systems. The SAP2000-MATLAB API allows MATLAB to directly
control and interact with SAP2000, automating repetitive tasks and facilitating advanced
computational processes. The API provides a set of functions that MATLAB can call to
manipulate SAP2000 models, run analyses, and extract results programmatically. MATLAB
can be used to automatically generate complex structural models in SAP2000. This is especially
beneficial for parametric studies or when creating multiple design iterations. For example,
MATLAB scripts can define geometry, assign material properties, apply loads, and set up
boundary conditions directly within SAP2000, without manual input. One of the major
strengths of the MATLAB-SAP2000 API integration is the ability to extract detailed analysis
results from SAP2000 directly into MATLAB for further processing. This could include
retrieving nodal displacements, internal forces, stress distributions, and eigenvalues, which can
then be analyzed, plotted, or optimized within MATLAB. or large-scale or highly repetitive
structures (such as high-rise buildings or bridge networks), the MATLAB-SAP2000 API
facilitates the automated creation and analysis of models. This significantly reduces the time
required to manually model large systems and improves accuracy by minimizing manual input
errors. Many studies on the optimum design of steel frames have focused on the application of
various metaheuristic algorithms [19-25].

The first model considered in this study is a 17-story, three-bay, irregular steel frame structure
without external bracing. This model was analyzed under various loading conditions using the
HBO, PSO, and ABC algorithms. These algorithms enabled a thorough evaluation of the
structural performance by considering different stiffness configurations and load cases,
contributing significantly to the optimization of the steel frame design. The model was divided
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into 34 distinct groups, with a grouping strategy applied every four stories. Beams were grouped
from 1 to 15, while columns were classified from 16 to 30. This grouping method was employed
to facilitate a more detailed analysis of the structural elements’ behavior in specific regions.
Beams and columns were further subdivided into distinct categories. Beams were separated into
groups based on their orientation along the X and Y axes, whereas columns were categorized
as edge, corner, and interior columns. This detailed classification enabled a deeper
understanding of the structural behavior across various parts of the steel frame. The grouping
scheme is visually represented in Figure 4.1. The structure was modeled in three dimensions,
comprising a total of 3042 elements and 5450 nodes. This comprehensive modeling approach
was undertaken to capture the complexity of the steel frame and to provide a more accurate
analysis of its structural behavior. Consequently, this allowed for a more detailed assessment
and optimization of the structural performance, ensuring that the design meets the necessary
requirements.

In the optimization of steel frames using three-dimensional metaheuristic algorithms, the
process of grouping structural elements plays a crucial role in achieving an optimal design.
Grouping allows for a more efficient and manageable representation of the structure, especially
when dealing with large and complex systems, such as high-rise buildings or irregular steel
frames. By assigning similar elements to specific groups, the computational complexity is
reduced, and the optimization process can focus on key variables, making it feasible to handle
large-scale problems. Without grouping, every element in the structure would be treated as a
separate variable, leading to an enormous number of variables that would significantly slow
down the optimization process. Grouping reduces the number of variables by treating similar
elements—such as beams or columns in the same region—uniformly. This simplifies the model
while still maintaining an accurate representation of the structural behavior.
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According to the LRFD (Load Factor Design) [26] specification, load combinations were
applied to the system as follows.
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4. RESULTS AND CONCLUSION

The table presents the optimization results for a 17-story irregular rigid steel frame structure
analyzed using three different metaheuristic algorithms: Honey Badger Optimization (HBO),
Particle Swarm Optimization (PSO), and Artificial bee optimization (ABC). The results focus
on key performance metrics such as minimum weight, maximum ratio, maximum iterations,
standard deviation, worst-case weight, and average weight.
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Table 1. 17-Storey Rigid Frame Analysis Results

Grup No HBO PSO AO
'(\l/'d'\rl')'m“m weight 3478.5374 1622.1923 1562.3336
Maksimum strength 0.9099 0.9829 0.9991
ratio
Maksimum iteration 30000 30000 30000
Stand. Dev. (SD) 287.1197 24.7266 122.3572
Mean weight (kN) 6218.1470 3354.9516 2672.57172
Worst weight (kN) 3534.8623 2488.5718 2117.45268

The minimum weight achieved by each algorithm shows significant differences, highlighting
their optimization efficiency. ABC outperformed the other algorithms by achieving the lowest
minimum weight of 1562.3336 kN, followed closely by PSO with 1622.1923 kN. HBO, on the
other hand, resulted in the highest minimum weight of 3478.5374 kN, indicating relatively
lower optimization performance in minimizing the structure’s weight. The maximum ratio
values reflect the load-carrying efficiency and utilization of the structural elements under the
given constraints. ABC demonstrated the highest maximum ratio of 0.9991, which indicates
that the design is near the allowable limit, suggesting high utilization of the materials without
significant overdesign. PSO followed with a maximum ratio of 0.9829, while HBO had the
lowest ratio of 0.9099, suggesting a more conservative design with lower material utilization.
All three algorithms were run for a maximum of 30,000 iterations, ensuring a fair comparison
of their convergence behavior and optimization capabilities. Standard deviation indicates the
variability and consistency of the optimization results. PSO exhibited the lowest standard
deviation of 24.7266, indicating highly consistent results with minimal variation between runs.
ABC showed moderate consistency with a standard deviation of 122.3572, while HBO
displayed the highest variability with a standard deviation of 287.1197, reflecting less stable
optimization outcomes across different iterations. The optimization results indicate that ABC is the
most effective algorithm for minimizing the weight of the 17-story irregular rigid steel frame, achieving
both the lowest minimum and average weights while maintaining high material utilization near the
allowable limits. PSO also performed well, showing consistent and relatively low-weight solutions,
although slightly less efficient than ABC. HBO, however, demonstrated the least favorable results with
higher weights and greater variability, suggesting it is less suited for this specific optimization problem
compared to the other two algorithms. These findings underscore the importance of selecting the
appropriate metaheuristic algorithm for structural optimization tasks, as different algorithms can yield
vastly different outcomes in terms of efficiency, consistency, and overall performance.
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ABSTRACT

Metaheuristic algorithms are designed to solve complex and large-scale optimization problems
with vast search spaces. These algorithms, being generalized forms of heuristic methods, aim
to find the best or near-optimal solution without systematically searching through all possible
solutions. Their utility is particularly noted in high-dimensional, multi-modal, and nonlinear
problems, where traditional optimization techniques often face difficulties. Benchmark
problems are essential for evaluating, comparing, and improving the performance of
metaheuristic algorithms. These problems are standardized tests used across various
engineering fields to assess the efficiency of optimization methods. Engineering problems,
which are typically complex, multi-objective, and heavily constrained, serve as suitable
benchmarks for this purpose. One of the foundational examples in structural engineering is the
beam design problem. In this study, the I-beam design, cantilever beam design, and welded
beam design problems are examined as benchmark cases. Three recent optimization algorithms
the Coati Algorithm (COA), Gazelle optimization algorithm (GOA), and Nutcracker
optimization algorithm (NOA) are applied to solve these problems. The performance of the
optimization algorithms is then statistically analyzed to assess their effectiveness and
robustness in handling real-world engineering challenges. This comprehensive comparison
provides insights into the capabilities of each algorithm and their applicability to large-scale
structural design optimization.

Keywords: Metaheuristic Algorithm, Benchmark Problem, Beam design

1. INTRODUCTION

Metaheuristic algorithms are powerful approaches developed to solve complex optimization
problems. Typically based on heuristic methods, they aim to search effectively within a broad
solution space [1]. Unlike traditional optimization methods, metaheuristic algorithms are
designed to avoid local traps while attempting to find the global optimum. These algorithms
draw inspiration from processes observed in nature or social behaviors to solve problems [2].
Among the most common metaheuristic algorithms are Genetic Algorithms (GA) [3], Particle
Swarm Optimization (PSO)[4], Simulated Annealing (SA)[5], Ant Colony Optimization
(ACO)[6], and Tabu Search [7]. These methods employ various strategies to direct the solution
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search process: genetic algorithms mimic evolutionary mechanisms, while particle swarm
optimization relies on the collective behavior of individuals. One of the key advantages of
metaheuristic algorithms is their flexibility and speed, especially in solving high-dimensional
and nonlinear problems compared to traditional methods [8]. However, the effectiveness of
these algorithms depends on parameter settings and their suitability for specific problems. The
application of these algorithms in various engineering design problems has helped achieve
successful outcomes in areas such as minimum weight optimization, structural analysis, energy
management, and route planning.

The need for the continuous development of new algorithms arises from the diversity and
complexity of optimization problems [9]. Each optimization problem has its own unique
structure. Some problems are linear and low-dimensional, while others are nonlinear, high-
dimensional, and complex. Existing algorithms may perform well on certain types of problems
but may be insufficient for others. Therefore, there is a need to develop suitable methods for
each new problem type. Most optimization problems feature multiple local minima within the
solution space [10]. Current algorithms may sometimes get trapped in these local minima
instead of finding the global optimum. New algorithms are designed to improve exploration
and solution mechanisms, allowing them to avoid local traps and identify the global optimum
more effectively. As problems become more complex, the computational time and cost of
existing algorithms can increase significantly. Large datasets, high-dimensional optimizations,
or real-time solutions require faster and more efficient algorithms. New algorithms aim to
reduce computational overhead and offer better solutions for such problems [11]. The success
criteria for different problems can vary. In some cases, a fast solution is prioritized, while in
others, higher accuracy and precision are more important. Existing algorithms may not always
balance these requirements effectively, leading to the need for new algorithms that improve
both speed and accuracy. Each algorithm employs different strategies to reach the global
optimum. Some aim for direct searches, while others focus on exploring the solution space more
broadly. New algorithms seek to improve optimization processes by offering better exploration
capabilities, more balanced search processes, or more efficient local search methods.
Optimization challenges arise in a wide range of fields, including engineering, economics,
biology, and logistics[12]. Since each field has its own unique dynamics and requirements, the
development of new metaheuristic algorithms tailored to these disciplines is necessary. As a
result, the development of new metaheuristic algorithms becomes essential in areas where
existing methods fall short, offering better performance, faster computations, higher accuracy,
or solutions tailored to specific problem domains. The use of metaheuristic algorithms in
engineering problems is crucial due to their ability to handle complex, high-dimensional, and
nonlinear optimization tasks that traditional methods often struggle with[13]. Engineering
problems frequently involve intricate constraints, multiple objectives, and large solution spaces,
where conventional optimization techniques may become inefficient or get trapped in local
optima. Metaheuristic algorithms, by contrast, are designed to explore the global solution space
more effectively, increasing the chances of finding the optimal or near-optimal solution. This
makes them particularly valuable in structural design, material selection, energy optimization,
and various other engineering applications. Regarding the reliability of metaheuristic
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algorithms, while they do not guarantee finding the exact global optimum due to their stochastic
nature, they are generally effective at producing high-quality solutions within reasonable
computational times [14]. The reliability of the results depends on several factors, such as the
algorithm's configuration, problem-specific characteristics, and the proper tuning of
parameters. In practice, metaheuristic algorithms often provide solutions that are "good
enough" for engineering applications, especially when exact solutions are either unknown or
too costly to compute. Therefore, metaheuristic algorithms are not only important but also
reliable tools for solving complex engineering problems, as long as their limitations and
stochastic nature are appropriately managed.

In this study, a comparative analysis of three newly developed metaheuristic algorithms for the
beam design optimization problem is presented. The algorithms under consideration are GOA
[15], the NOA[16], and COA[17] all of which were introduced in 2023. These algorithms have
gained attention due to their innovative approaches to solving complex optimization problems,
particularly in structural design applications. The primary objective of this work is to evaluate
the performance of these algorithms in terms of their efficiency, convergence speed, and ability
to escape local minima when applied to the beam design problem. By comparing these methods,
we aim to provide valuable insights into their strengths and limitations, offering guidance for
their potential application in other structural engineering optimization tasks. The results of this
comparison will contribute to the growing body of knowledge on metaheuristic optimization
and provide a benchmark for future studies in the field.

2. METAHEURISTIC ALGORITHMS

Metaheuristic algorithms are often inspired by natural phenomena, leveraging biological,
ecological, or behavioural processes to solve complex optimization problems. This nature-
inspired approach allows these algorithms to mimic the efficient problem-solving strategies
observed in animals, plants, and ecosystems. In this section, we provide an overview of the
three metaheuristic algorithms utilized in this study: GOA, NOA, and COA.

2.1. Gazelle Optimization Algorithm

The Gazelle Optimization Algorithm (GOA) is a novel metaheuristic optimization technique
inspired by the social behavior and hunting strategies of gazelles in their natural habitat. This
algorithm primarily mimics the way gazelles move in groups to avoid predators while seeking
food and safe environments[15]. The underlying principle of GOA is to leverage the collective
intelligence of the gazelle population to explore and exploit the solution space efficiently. In
GOA, individual gazelles represent potential solutions to an optimization problem. The
algorithm consists of two main phases: exploration and exploitation. During the exploration
phase, gazelles search for food sources by dispersing throughout the solution space. This
behavior is characterized by random movements that allow them to cover a wide area, thereby
facilitating the discovery of diverse solutions. In the exploitation phase, gazelles converge
towards the best-found solution, analogous to their behavior when they locate a food source.
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This phase involves refining and enhancing the identified solutions through iterative updates,
guided by the positions of the best-performing gazelles in the population. GOA has proven
effective in engineering design, resource management, data analysis and other complex
optimization problems. Its strengths lie in its balance of exploration and exploitation, making it
a competitive alternative to other established metaheuristic algorithms. The algorithm’s
performance can be influenced by various parameters, including population size and movement
dynamics, which must be carefully tuned to optimize results. In the Gazelle Optimization
Algorithm (GOA), both Brownian motion and Lévy flight are incorporated to enhance the
exploration capabilities of the algorithm. GOA is a population based algorithm. The algorithm
is defined by matrix.

X111 X12 X1,d-1 X1,d (1)
X21 X22 v X2d-1 X2d
X =] : : :
: xi,j
Xn1 Xn2 °° Xnd-1 Xnd

Dimesion of optimization problem;
xpj=1bj+7-(ubj—1b;),i=12,..,N,j=12,..,m (2)

The matrix is employed in order to identify and ascertain the subsequent step for the gazelles.

1A 1A 1A !

X11 %12 0 X14-1 X14d (3)
A A 1 !

. X21 X22 0 Xz24-1 X4
Elite =|. ) A .

H H xi’j
1A 1A 1A !

Xn1 Xn2 T Xnd-1 Xnd

The following presents a mathematical model of gazelle behaviour during the exploration
phase.

gazelle, , = gazelle,+s-Rx* Ry (4)
*. ( Elite ; — Rp *. gazelle l.)

A mathematical model of gazelle behaviour during the exploitation phase.

gazelle  , = gazelle +S-pu- R * ﬁL (5)
l

*e ( Elite , — I—i *- gazelle l.)

The mathematical model that describes the behaviour of the predator chasing the gazelle is
presented in the following Eq.(6);
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(6)

gazelle  , = gazelle, +5 - - CF = ﬁs

®e ( lite, — R_L) =+ gazelle i)

\ .\ (2
CF = (1 - .Uﬂ.:[_rh'r)

PSRs represent predator success rates, and the effect in question affects the ability of the gazelle
to escape. This, in turn, ensures that the algorithm avoids being trapped in a local minimum.
The effect of PSRs is modelled according to the following Eq. (7).

gazelle (7)
gazelle ; + CF[ﬁ +R (@) — ﬁ)] x U if r < PSRs

gazelle ; + [PSRs(1 — 1) + 1] (gazell . gazelle rz) else

Brownian Motion is a stochastic process that describes random movement, where particles
move in a continuous and unpredictable manner. In the context of GOA, Brownian motion
allows individual gazelles to exhibit random, small-scale movements, facilitating local
exploration within the solution space. This randomness helps prevent premature convergence
on suboptimal solutions by ensuring that gazelles can explore their immediate vicinity
effectively.

oy =L x-w*\ _ 1 x? 8)
e = mzom (-2 ) = e (-3)

Lévy Flight, on the other hand, is characterized by a random walk in which the step lengths
follow a probability distribution with heavy tails. This means that while most steps are relatively
short, there are occasional long jumps. In GOA, Lévy flight is used to simulate the behavior of
gazelles when searching for food over larger distances. This mechanism enables the algorithm
to escape local optima and explore distant regions of the solution space, thereby increasing the
likelihood of discovering more optimal solutions.

2.2. Nutcracker Optimization Algorithm

The Nutcracker Optimisation Algorithm (NOA)[16] is a metaheuristic optimisation method. It
is modelled on the intelligent behaviour of the nutcracker bird. This algorithm is designed to
effectively solve complex optimization problems by mimicking the nutcracker's strategies for
gathering and storing pine seeds.

Behaviors of the Nutcracker

The behaviors of the nutcracker can be categorized into two main phases:

Gathering and Storing Pine Seeds:
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In summer and autumn, this behaviour occurs. The nutcracker begins searching for pine seeds
in coniferous forests, selecting cones that contain high-quality seeds. If the desired seeds are
not found, the nutcracker explores other pine trees to search for new sources. This phase is
referred to as the "initial exploration phase."

Searching for and Retrieving Storage Locations:

The nutcracker begins to explore the seeds it has previously stored through the winter and spring
seasons. This behavior is known as the "second exploration phase."” The nutcracker does not
merely search randomly for its hidden caches; it also utilizes nearby objects as cues to identify
the locations of its caches. Spatial memory plays a crucial role in helping the nutcracker
remember where it has stored its seeds. Throughout the winter and spring, the discovered pine
seeds serve as a vital food source that is stored in suitable caches for the nutcracker's survival.

Exploration Operator: In the initial phase, the nutcracker utilizes an exploration operator to
identify promising regions within the search space. This phase serves as a starting point for
identifying potential solutions by determining the most favorable areas.

Exploitation Operator: Following the exploration phase, the nutcracker employs the
exploitation operator to locate pine seeds stored in marked caches. Throughout the winter and
spring, the nutcracker adopts a different mechanism based on spatial memory strategies to
access the stored seeds.

The Cache Search and Recovery Strategy facilitates the nutcracker's ability to investigate areas
surrounding key reference markers that signal the locations of its stored caches. By utilizing
these environmental landmarks, the bird can systematically and accurately retrieve its
previously hidden food reserves. This method highlights the nutcracker’s advanced spatial
cognition and efficient resource recovery during periods of necessity. The exploration operator
is employed to examine areas surrounding these reference points in an effort to locate hidden
caches. Upon discovering the hidden caches, the nutcracker triggers the exploitation operator
to retrieve the buried pine seeds.

The Nutcracker Optimization Algorithm presents an effective approach to solving optimization
problems, drawing from the intelligent foraging and storing behaviors of the nutcracker bird.
This algorithm demonstrates a strong search capability, rendering it versatile for application
across diverse domains such as engineering, economics, and computer science. The study of
the nutcracker's natural behaviors plays a significant role in the development of such
algorithms. The bio-inspired design of this optimization approach ensures its innovation and
effectiveness as a solution tool, enabling it to address complex and multidimensional solution
spaces efficiently.

2.3. Coati Optimization Algorithm
Coatimundis belong to the Procyonidae family, which includes the Nasua and Nasuella genera.

These omnivorous mammals reside in the tropical forests of Central and South America. They
are characterized by their long, curved noses, ringed eyes, and lengthy tails. Coatimundis are
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primarily diurnal and arboreal, with a diet consisting of insects, fruits, plants, and small
invertebrates. Green iguanas are among their preferred prey, and coatimundis hunt them
cooperatively. Some climb trees to scare the iguanas into jumping down, while others wait
below to attack. However, coatimundis also face threats from predators such as jaguars, ocelots,
snakes, and large birds of prey like harpy eagles. The Coati Optimization Algorithm (COA)
[17] is a population-based metaheuristic approach, where individual solutions represent coatis.
The position of each coati in the search space corresponds to a potential solution, with initial
positions being randomly assigned at the start of the algorithm using predefined equations.

xpj=1bj+7-(ubj—1b;),i=12,..,N,j=12,...m 9)

The variable x; ; represents the i th koati number in the search field, while j represents the jth
decision variable. N denotes the total number of koatis, m represents the number of decision
variables, r denotes a random number in the range [0,1], ub; represents the upper bound, and
Ib; represents the lower bound. The population is represented as a matrix, with each row
representing the coati and each column representing the decision variable.

Xl ‘xl,l cee xl,j e xl,m (10)
X=X =|Xi1 0 Xt Xim
lXNJNxm lxN,l cee xN,j e xN’mJNxm

When candidate solutions are assigned to the decision variables in an optimization problem,
they are subsequently evaluated using the problem’s objective function. This process is
mathematically represented by Equation 11.

F:1 FQQ) (11)
F= H =[Fax
Fy

Nx1 F(XN) Nx1

In this context, F is the vector representing the objective function obtained, and F; denotes the
objective function value corresponding to the i-th coati. The updating process of coatimundis
is modeled by simulating two natural behaviors: their strategy when attacking iguanas and their
strategy for escaping predators. Consequently, the COA population undergoes updates in two
distinct phases.

2.1.1. Hunting and attack strategy on iguanas (exploration phase)
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The Coati Optimization Algorithm (COA) models coatis' hunting strategies when attacking
iguanas. Half of the coatis climb trees to scare the iguana, while the other half wait below to
attack when it falls. This approach allows COA to explore the solution space widely, with the
best population member representing the iguana's position. The movement of coatis climbing

the tree is mathematically simulated in the algorithm.

N
Xipl:xfj1 =X+ (Iguanaj -1 xl-,j), fori =1,2, 'l?J (12)

andj =1,2,..,m.
After the iguana falls, it is randomly placed at a new location within the search space. The coatis

on the ground then modify their positions accordingly, adjusting their search trajectories based
on this new position, following the guidelines outlined in Equation (13).

Iguana ©: Iguana}G. =1bj+r- (ubj —lb;),j = 1,2,..,m, (13)
xXij+r: (Iguana](.; —1- xl-,j), Flouana € < Fis

xXij+r: (xl-,j - Iguana](.;), else,

N N
fori = l;J +1, lEJ +2,.,Nandj=12,..,m.
The position is updated using Equation 14.

¥ - {X{’{F{’l <F; (14)
! X;, else.

X1 is the new calculated position. FF1 is the objective function value. r is a random number
between [0,1]. Iguana represents the position of a in the search space.

2.1.2. Process of escaping from predators (exploitation phase)

In the second phase of position update, they react by running away from predators to seek
safety. This instinctive response demonstrates the ability of COA to perform local searches in
challenging situations. This behavior is given in equation 15.

lb; ub;
lb}ocal =1 ubjlocal =—7 wheret=1,2,...,T. (15)
t t
XP2xf? = x5+ (1—2r) - (1B + 7 (ublo! — 1)),
i=12,..,N,j=12,...,m
The position update is given in Equation 16.
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¥ = {X{’Z,F{’Z <F (16)
: X;, else.

XF?2 is the new calculated position. FF2 is the objective function value. r is a random number
between [0,1]. ub represents the local upper bound and Ib represents the local lower bound. j is
the decision variable.

3. DESIGN EXAMPLES

The application of metaheuristic algorithms in beam design offers significant advantages in the
field of engineering. These algorithms possess the capability to effectively solve complex
optimization problems, enabling the optimization of critical parameters such as weight,
strength, and cost of beams. Moreover, metaheuristic approaches take into account the
interactions of different design variables, allowing for a more flexible and innovative design
process. As a result, engineers are empowered to develop innovative beam designs that enhance
performance while reducing costs.[18,19]

3.1. | Beam Design

The I-beam design problem encompasses a design challenge involving four variables. This
challenge must adhere to constraints related to cross-sectional area and stress, given specific
loading conditions. The primary objective of this study is to minimize vertical bending,
represented by the function f(x) = PL3/48EI, where the beam length is set at 5200 cm and the
modulus of elasticity is 523.104 kN/cm? [20].

P
! :
. S

tw

L — — Tt
< >

Figure 3. 1. | beam Design

The problem involves four distinct variables and is governed by two constraints.

5000 17
f(b, bty tr) = - _ (17)
tw(h —2t;) bt} b (P
— 1zt Ty (T)
Constraints,
g1 = 2bt,, + t,,(h — 2t7) < 300 (18)
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18h x 10* 15b x 103 (19)
g2 = 3 + 3 3 N
tw(h —2t;)” + 2bt,, (4t}§ +3h(h - th)) (h—2t)t3 + 2tb

variables,

10<b<50, 10<h<80, 09<t,<5 and09<t;<5 (20)
3.2. Welded beam design
The welded beam design problem focuses on minimizing the economic cost associated with
beam design. As illustrated in Figure 3.30, this optimization task involves four variables and

seven constraints that need to be addressed. The variables include the weld thickness (h), the
rod thickness (b), the length of the connected section of the rod (1), and the rod height (t)[21,22].

Figure 3. 2. Welded Beam Design

F(x) = 1.10471x%x, + 0.04811x3x,(14.0 + x,) (21)
Constraints,
91(x) = T(X) = Trnax < 0 (22)
92(x) = 0(X) = Opmax < 0 (23)
93(x) = 6(x) = Smax < 0 (24)
9a(x)=x; —x, <0 (25)
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gs(x) =P —P(x) <0
ge(x) =0125—-x, <0
g7(x) = 1.10471x2 + 0.04811x3x,(14.0 + x,) — 5.0 < 0

Variables,

2 2
] = Z{ﬁxle % + (—x1 -lz_ x3> ]}

o = 5P 5o 4PI3
o(x) =—,8(x) = ——
X4X32 Ex3x,
2,.6
4.013E [Z32 x5 |E
P(x)=—¥350 (122 | =
¢ 12 2L 4G

3.3. Cantielever beam design

The cantilever beam design problem poses a unique challenge in concrete engineering, where
the primary goal is to minimize the total weight of the beam by optimizing its cross-sectional
dimensions. As illustrated in Figure 3.3, the design utilizes a hollow square section. The
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mathematical formulation of this optimization problem is provided in the corresponding
equation [23,24].

Xi )
1 2 3 4 | 5 o |
A4
Figure 3. 3. Cantilever Beam Design
The problem consists of five variables and one constraint.
Consider
x = [xl,xz,x3,x4,x5] (39)
Minimise
(%) = 0.6224(x; + x5 + X3 + x4 + x5) (40)
subject to
60 27 19 7 1
g(f)=—3+—3+—3+—3+—3—1<0 (41)
Variable range
0.01 < x4, x5, X3, %4, %5 < 100 (42)

4. RESULTS AND CONCLUSION

The table presents the results of various optimization algorithms applied to the beam design
problem, a significant challenge in engineering. The values obtained from different algorithms
reflect their performance in addressing the design criteria for three types of beams: welded
beams, cantilever beams, and 1-beams. The Coati Optimization Algorithm (COA) achieved the
lowest weight value of 1.7238 for the welded beam design, along with 13.0121 for the cantilever
beam and 0.0016643 for the I-beam design. These results suggest that COA is an effective
method for optimizing beam design problems. In contrast, the Nutcracker Optimization
Algorithm (NOA) produced slightly higher weight values across all three beam designs, with
1.7252 for the welded beam, 13.4251 for the cantilever beam, and 0.0020323 for the 1-beam.
This indicates that NOA may not be as efficient as COA in terms of solution optimization. The
Gazelle Optimization Algorithm (GOA) demonstrated competitive performance, yielding
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values of 1.7258 for the welded beam, 13.4135 for the cantilever beam, and 0.0020322 for the
I-beam. This positions GOA as a robust alternative, providing results that are close to those
obtained by NOA. Overall, the data indicate that COA is the most effective algorithm for
optimizing the beam design problems considered in this study. However, both NOA and GOA
also provide valid solutions, albeit with slightly higher weight values. These variations may
arise from the distinct solution methodologies employed by each algorithm. Evaluating the
results of different optimization techniques contributes to identifying the most suitable
approach for tackling engineering challenges in beam design.

Table 1. Analysis of Optimization Algorithms in Beam Design Solutions

REFERENCE | WELDED | CANTILEVER |1 BEAM
BEAM BEAM DESIGN
DESIGN

coa | M-Deghhani | ) o)q0 13.0121 0.0016643
et. al. 2023 ' ' '
M.Abdel-
Basset et. al.

NOA 1.7252 13.4251 0.0020323
2023
J.O.

GOA Agushaka et. 1.7258 13.4135 0.0020322
al. 2023
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TURBO JENERATOR SISTEMLERINDE VERIMLILIK ARTISI VE ENERJI
TASARRUFU POTANSIYELI UZERINE BiR ANALIZ

Makine Miihendisi, Samet ARAT

Kiitahya Dumlupinar Universitesi, - 0000-0002-4245-4276
Dr. Ogr. Uyesi, Hasan Donat YILDIZAY

Kiitahya Dumlupinar Universitesi, - 0000-0002-2449-8056

OZET

Bu calisma, bir turbo jenerator sisteminin verimliligini artirmaya yonelik yapilan analizleri
kapsamaktadir. Tiirbinin su buhar ¢evrimi ve termodinamik parametrelerine gore isletilmesi ve
optimizasyonu, sistem verimliligini dogrudan etkilemektedir. Olg¢iim parametrelerine ve 1s1
denge diyagramina gore degerlendirildiginde Curtis kademesi basincinin diisiik olmast ve
yiiksek basing tiirbininde is gérmeden olusan kagak buharin orta basing tiirbinine yoneldigi, bu
kacagin tiirbinde verimlilik kaybina neden oldugu goriilmiistiir.

Olgiimler sonucunda, tiirbinin 1s1 oran1 (HR) 2896 kcal/kWh olarak hesaplanmis ve tasarim
degeri olan 2025 kcal/kWh 'ye gore %43 'liik bir artis oldugu tespit edilmistir. Bu durum, tiirbin
verimliliginde %30 'luk bir diisiise tekabiil ettigi goriilmiistiir. lyilestirme dnerileri kapsaminda,
kacak buharin 6nlenmesi ve Curtis kademesi basincinin artirilmasi ile tiirbin verimliliginde
%30 ’luk bir artis saglanabilecegi Ongoriilmiistiir. Bu iyilestirmeler sonucunda yillik
106.158.000 kWh ilave elektrik tretimi ve 217.623.900 TL tasarruf saglanabilecegi
hesaplanmigstir. Yapilacak ¢alisma ile yiiksek basing tiirbinine giristeki problemin giderilmesi
icin harcanacak masrafin kendini 1 y1l i¢cinde amorti edebilecegi dngoriilmektedir.

Sonug olarak, tiirbin performansini artirmaya yonelik bu iyilestirme caligmalarinin, iinitenin
verimliligini 6nemli dlcilide artiracagi ve enerji tasarrufu saglayacagi belirtilmistir.

Anahtar Kelimeler: Is1 orani, Su buhar ¢evrimi, Enerji tasarrufu.

CONFERENCE BOOK Academy Global Publishing House — New York || 59



mailto:samet.arat0@ogr.dpu.edu.tr%20-
https://orcid.org/0000-0002-2449-8056

%“(,OTIFERM{.F
)

S

L

»

BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
September 20 - 22, 2024- BURSA
ISBN: 978-625-6283-75-6

ACADE,
Wy,
A
N
sTynet®

AN ANALYSIS ON THE POTENTIAL FOR INCREASED EFFICIENCY AND
ENERGY SAVINGS IN TURBO GENERATOR SYSTEMS

SUMMARY

This study covers the analyses conducted to increase the efficiency of a turbo generator system.
The operation and optimization of the turbine according to the water vapor cycle and
thermodynamic parameters directly affect the system efficiency. When evaluated according to
the measurement parameters and heat balance diagram, it was observed that the low Curtis stage
pressure and the leakage steam formed in the high-pressure turbine without working directed
to the medium-pressure turbine, and this leakage caused a loss of efficiency in the turbine.

As a result of the measurements, the heat rate (HR) of the turbine was calculated as 2896
kcal/kWh and a 43% increase was determined compared to the design value of 2025 kcal/kWh.
This situation was observed to correspond to a 30% decrease in turbine efficiency. Within the
scope of improvement suggestions, it was predicted that a 30% increase in turbine efficiency
could be achieved by preventing leakage steam and increasing the Curtis stage pressure. As a
result of these improvements, it has been calculated that an additional 106,158,000 kwWh of
electricity can be produced annually and 217,623,900 TL can be saved. It is anticipated that the
expense to be spent to eliminate the problem at the entrance to the high pressure turbine with
the work to be done will amortize itself within 1 year.

As a result, it has been stated that these improvement studies aimed at increasing turbine
performance will significantly increase the efficiency of the unit and provide energy savings.

Keywords: Heat rate, Water vapor cycle, Energy saving.

1. GIRIS
Unite hedef yiikiine, tiirbinin stabilizasyonunun korunmas: ve isletilmesi amaci ile turbo
generator Karakteristik parametrelerine uygun sekilde su buhar ¢evrimi gergeklestirilir. Su

buhar ¢evrimi ve termodinamik parametrelere (basing, sicaklik, debi) gore tiirbin kapasitesi g6z
Oniine aliarak tiirbin ve yardimci ekipmanlari igletilir.

Kizgin buhar yiiksek basing tiirbininden (RA-SHT) impuls hiicresine ana buhar olarak girer ve
Curtis diski, taze buharin basing ve sicakligini ani olarak disiiriir. Curtis diski ve yiiksek basing
kademelerinde is yapan buhar, alt gévde igerisinde bulunan iki egzoz deliginden kizdirilmak
iizere (RC olarak) tekrar kizdiriciya (RHT sistemi) gider. RHT paketlerinde tekrar kizdirildiktan
sonra (RB olarak) buhar orta basing tiirbinine girer ve gegis hatti ile algak basing tiirbinine
girerek is gordiikten sonra buhar algak basing tlirbinini terk eder ve kondenseye dokiiliir. Ayrica
tiirbin govdesi i¢inde, ara buharlarin ¢ekildigi hatlar bulunmaktadir. Kizdirmali tip ara buhar
almali rankine c¢evrimi ile buhar tilirbinlerinden gecen buhar, kanat¢iklarin doénmesini
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saglayarak rotor donmesini gerceklestirir ve elektrik tiretimi i¢in gerekli mekanik enerji elde
edilir.

2. DENEYSEL CALISMALAR

2.1. Yapilan Ol¢iimler ve Alinan Degerler

_ Qus-lus + Qur-1yr — Qcr-Icr — Qrw- Iew — Qrar- Iy + Qup-lup

HR
MW

*Tiirbin Heat Rate(1s1 oran1) Hesaplama Formiilii
HR = tiirbin 1s1 orani, kcal/kWh
Qwms = HP(Yiiksek Basing) Tiirbinine Ana Buhar(RA) debisi, kg/saat
Ims = HP Girisindeki ana buhar(RA) entalpisi, kcal/kg
Qunr = IP(Orta Basing) Tiirbinine Sicak Yeniden(RB) Isitma buhar debisi, kg/h
Ihr = IP Tiirbin Sicak Yeniden(RB) Isitma buhar entalpisi, kcal/kg
Qcr = Kazana Soguk Yeniden(RC) Isitma buhar debisi, kg/h
Icr = Kazana Soguk Yeniden(RC) Isitma buhar entalpisi, kcal/kg
Qrw = Kazana besleme suyu debisi, kg/h
Irw = Kazana besleme suyu entalpisi, kcal/kg

QrH = BFP(Kazan Besleme Pompasi) ¢ikisinda ara isitict diizenleyici sprey(piiskiirtme) debisi,
kg/saat

Irn = BFP ¢ikisinda ara 1sitici 1s1 diizenleyici(piiskiirtme) entalpisi, kcal/kg
Qae = Kazandan hava ejektoriine buhar debisi, kg/h

Iae = Kazandan hava ejektoriine buhar entalpisi, kcal/kg

MW = Jenerator ¢ikisi, MW

2.2. Hesaplamalar

Dizayn | Olgiim
Ana buhar(RA) debisi 465540 |420000 |kg/h
Ana buhar entalpisi 818,4 818,26  |kcal/kg
RB buhar debisi 402990 |435000 |kg/h
RB buhar entalpisi 843,1 847,16 | kcal/kg
RC buhar debisi 393680 |390000 |kg/h
RC buhar entalpisi 747,6 750,65 |kcal/kg
Kazan besleme suyu debisi 475300 |350000 |kg/h
Kazan besleme suyu entalpisi 255,5 201,85 | kcal/kg
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Piiskiirtme suyu debisi 9310 9000 kg/h
Piiskiirtme suyu entalpisi 171 171 kcal/kg
Ejektor buhar debisi 450 450 kg/h
Ejektor buhar entalpisi 750 750 kcal/kg

*Unite yiikii 6l¢iim esnasinda 120 MW tir.

_ Qus-Ius + Qur-Tur — Qcr-Icr — Qrw-Irw — Qrur-1ry + Qap-lae

HR
MW
_ 420.000x816,26 + 435.000x847,16 — 390.000x750,65 — 350.000.201,85 — 9.000x171 + 450.750
B 120.000

HR(Ist orant)gicim = 2896 kcal/kWh
HR(Istorant)gizqyn = 2025 kcal /kWh

Dizayn 1s1 orani: 2025 kcal/kWh
Olgiilen 1s1 orani: 2896 kcal/kWh

Buna gore; dizayn 1s1 orani karsilastirmast yapildiginda tinitenin 1 kWh enerji iiretimi i¢in
harcamasi gereken enerji miktar1 %43 artmigtir.

Dizayn tiirbin verimi: %42,5
Olgiilen tiirbin verimi: %29,7

Buna gore; tlrbin verimi karsilastirmasi yapildiginda {inite veriminde %30 ‘luk bir diisiis
gozlenmektedir. Burada {initenin 6l¢im esnasinda tam ytikte degil de 120 MW ta calistig1 goz
ardi edilmemelidir.

3. SONUCLAR VE DEGERLENDIRME

Tiirbin i¢in Slgiimleri yapilmis ve tiirbin verimi hesaplanmistir. Tiirbinde yapilacak yiiksek
basing tiirbininden i gérmeden orta basing tlirbinine kagan kagak buharin dnlenmesi, Curtis
kademe basincinin artirilmasina yonelik ¢alismalar karsiliginda tiirbin veriminin %30 ‘luk artig
gosterebilecegi hesaplanmustir.

Tiirbin verimliligi uluslararas1 hesaplama metoduna gore yapilmis olup dizayn durum ve
mevcut durum karsilastirilmistir.

Dizayn tiirbin verimi: %42,5
Olciilen tiirbin verimi: %29,7
Buna gore; %42,5-%29,7 = %12,8 ‘lik verim orani farki tespit edilmistir.

Hesaplamalar degerlendirildiginde %30 ‘luk verim artig1 hesabina gore ayni kosullarda yillik
106.158.000 kWh elektrik tasarrufu(Fazladan Elektrik Uretimi) ve yillik £217.623.900 tasarruf
edilecegi hesaplanmistir.
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Tiirbinde performans kaybi bulunan durumda yillik iiretilemeyen elektrik miktar1 106.158.000
kWh dir. (8166 saat yillik ¢alisma saatine gore)

Tiirbinde performans kaybi bulunan durumda yillik {retilemeyen elektrik miktart TEP
cinsinden 28.091 dir. (8166 saat yillik ¢alisma saatine gore)

Tiirbin performans kaybinin giderilmesi durumuna gore fizibilite hesaplar1 yapilmastir.

ilk Yatiruim Maliyeti
Yillik Tasarruf Miktart

Basit Geri Odeme Siiresi =

Isin Maliyeti: 25.948.000 TL

Yillik Tasarruf Miktari: 217.623.900 TL/Y1l

Buna gore; 25.948.000/217.623.900 = 0,1 yilda isin kendini amorti edecegi hesaplanmistir.
Bu kisa vade uygulama projesinin yapilmasi 6nerilmektedir.

*Uygulama projelerinin tinitelerin revizyon tarihlerinde yapilacagi ve yapilacak isin siiresinin
revizyon siliresini asmayacagi Ongoriilerek tinitenin durus kaybi hesaplamalara dahil
edilmemistir.

4, GENEL DEGERLENDIRME VE SONUCLAR

Bu calismada turbo jenerator sisteminin verimliligini artirmaya yonelik yapilan analizler
neticesinde, tiirbinin mevcut durumu ve dizayn verileri karsilastirilmistir. Elde edilen bulgular,
ozellikle yiliksek basing tiirbininden orta basing tiirbinine kagan buharin, Curtis kademesi
basincinin diisiik olmasindan kaynaklandigini ve bu durumun 6nemli dl¢lide verim kaybina
neden oldugunu gostermistir.

Hesaplamalar neticesinde, tiirbinin 6l¢iilen 1s1 oran1 2896 kcal/kWh olarak belirlenmistir. Bu
deger, dizayn degeri olan 2025 kcal/kWh’ye gore %43'liik bir artis1 ifade etmektedir. Ayrica,
tirbinin verimliligi %425'ten %297'ye diiserek, %30 oraninda bir verim kayb1 oldugu tespit
edilmistir. Bu verim kaybinin, tam yiikte degil, 120 MW yiikte yapilan Olglimlerden
kaynaklandig1 goz ardi edilmemelidir.

Onerilen iyilestirme calismalarinda, kagak buharin énlenmesi ve Curtis kademesi basincinin
artirtlmasi ile tiirbin verimliliginde %30°luk bir artis saglanabilecegi Ongoriilmiistiir. Bu
iyilestirmelerin uygulanmasi durumunda, yillik 106.158.000 kWh ek elektrik iiretimi ve
217.623.900 TL tasarruf elde edilebilecegi hesaplanmistir. Bu 1iyilestirmelerin maliyeti
25.948.000 TL olup, yatirimin kendini yaklasik 1 yil i¢ginde amorti edecegi ongoriilmektedir.

Sonu¢ olarak, turbo jeneratdr sisteminde yapilacak bu iyilestirmelerin {initenin genel
performansin1 ve verimliligini artiracagi, enerji tasarrufu saglayacagi ve ekonomiye 6nemli
katkilar sunacagi belirlenmistir. Enerji tiretim tesislerinde Curtis kademesi ve kagak buhar gibi
verimliligi etkileyen unsurlarin daha genis Orneklemde incelenmesi, farkli sistemlerdeki
performans kayiplarinin karsilastirilmasina olanak taniyabilir. Ayrica, termodinamik ve enerji
verimliligi lizerine yapilan caligmalar, iyilestirme senaryolarinin modellenmesi i¢in daha
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detayli simiilasyon teknikleri ile desteklenmelidir. Tiirbin verimliligini artirmaya yonelik
tyilestirmeler uygulanirken, siire¢ boyunca performans takip sistemleri kurulmali ve veriler
diizenli analiz edilmelidir. Yatirim kararlar1 alinirken, 6nerilen iyilestirmelerin hem kisa hem
de uzun vadeli etkileri degerlendirilmeli, maliyet-fayda analizi yapilarak geri doniis siireleri
dikkate alinmalidir.

Gorsel 1. Seyitomer TS, 3. Unite Tiirbini
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Gorsel 2. Seyitomer TS, 3. Unite Yiiksek Basing Tiirbini Ust Girisi Anabuhar Baglant1 Borulari

Gorsel 3. Seyitomer TS, 3. Unite Yiiksek Basing Tiirbini Girisi Anabuhar Borular
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Gorsel 4. Seyitomer TS, 3. Unite Yiiksek Basing Tiirbini Govde Anabuhar Giris Baglant1 Borulari

Siiresi

Enerji
. Tiiri Orijinal
Oneriler "™ Miktar TEP/YAI*  TL/Y1l TL Yil Vade  girim
Sl Maliyet
Tiirbin
pg;;z‘j:s Elektrik 106.158.000 KWh  28.091 1251.504.460 25.948.000 0, Kisa Vade 2,37
giderilmesi

Cizelge 1. Genel Bulgular ve Oneriler
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Gorsel 5. Seyitomer TS, 3. Unite Yiiksek Basing-Curtis-Orta Basing Tiirbini Kademeleri
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VIBRATIONAL CHARACTERISTICS OF FUNCTIONALLY GRADED
PRETWISTED PLATES IN THERMAL ENVIRONMENTS: A FINITE ELEMENT
APPROACH

R. H. Nguyen,
Department of Aerospace Engineering, Nazarbayev University, Kazakhstan

Abstract:

This study explores the free vibration response of thick pretwisted cantilever functionally
graded material (FGM) plates under varying thermal conditions using a numerical approach.
The analysis is conducted within the framework of higher-order shear deformation theory
(HOST), employing a CO finite element method which incorporates independent displacement
and rotation degrees of freedom. Temperature-dependent material properties are considered,
varying continuously through the plate's thickness according to a simple power law volume
fraction exponent. The finite element model is discretized using eight-node quadratic
serendipity elements with seven degrees of freedom per node. The investigation encompasses
the effects of plate geometry, thermal fields, material composition, and modal analysis on
vibrational behavior. Results are validated through comparison with existing literature.

Keywords: FGM, pretwisted plates, thermal effects, higher-order shear deformation theory,
power law.
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ENHANCED SATELLITE SOLAR PANEL DEPLOYMENT USING A BRUSHED DC
MOTOR FOR SPEED REGULATION

Hiroshi Nakamura, Rina Yamada
Department of Aerospace Engineering, Kyushu Institute of Technology, Japan

Abstract:

This study introduces a novel approach for regulating the rotational speed of satellite solar
panels during deployment by incorporating a brushed DC motor as a speed damper. In this
method, the brushed DC motor is integrated into a passive spring-driven deployment system to
moderate the panel’s deployment velocity. The motor operates without an external power
supply by connecting its terminals to an external resistor, utilizing the motor’s back
electromotive force (EMF) when subjected to external torque, such as that from torsional
springs. The brushed DC motor functions as a generator under these conditions, generating a
back EMF and producing a current that creates a counteracting torque based on Lenz's law, thus
reducing the deployment speed. This technique allows for precise control of the damping
coefficient by adjusting the external resistance. To enhance current production, a gearbox is
added to the DC motor to increase the number of turns experienced. The system's coupled
electro-mechanical equations are derived and analyzed, and the results are presented. A full-
scale prototype of the deployment mechanism has been constructed and validated,
demonstrating the effectiveness of using brushed DC motors as rotational speed dampers.

Keywords: Back electromotive force, brushed DC motor, rotational speed damper, satellite
deployment

CONFERENCE BOOK Academy Global Publishing House — New York || 69




o CONFEREy
S

S

L

»

BURSA 3rd INTERNATIONAL CONFERENCE ON MATHEMATICS AND ENGINEERING
September 20 - 22, 2024- BURSA

ISBN: 978-625-6283-75-6

ACADE,
M}vﬁ\
A
N
sTynet®

ENHANCING ACCIDENT ANALYSIS THROUGH SYSTEMIC MULTI-
FACTORIAL FRAMEWORKS

A. T. Liu, B. H. Moyo, C. J. Kimura

Department of Aerospace Engineering, National University of Mongolia, Ulaanbaatar,
Mongolia

Abstract:

This study aims to refine accident analysis methodologies by integrating systemic, multi-
factorial approaches. It begins with a review of traditional accident investigation techniques,
highlighting the distinctions between linear and systemic analyses. Conventional linear
approaches treat accidents as sequential events, while contemporary systemic models
emphasize the interplay between various factors and the evolutionary processes of normal
situations. Given the limitations inherent in both linear and systemic models, the research
explores these constraints to develop improved methods for identifying risks and
understanding the underlying causes of incidents. Additionally, the research addresses the
critical role of communication in the human factors domain, aiming to develop a novel error-
modeling tool for more accurate risk assessment and accident analysis.

Keywords: Accident analysis, multi-factorial error modeling, risk assessment, systemic
approaches.
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ENHANCING EFFICIENCY OF ARRIVAL FLIGHTS THROUGH SPEED
REGULATION: ASTUDY AT TAOYUAN INTERNATIONAL AIRPORT

H. Zhang?!, K. Lee?, M. Kim?, L. Osei!
! Department of Aerospace Engineering, National Taiwan University, Taiwan
2School of Aviation, National Chiao Tung University, Taiwan

Abstract:

Arrival flights at airports often experience extended delays at holding patterns due to
congestion. By redistributing delays to the cruising phase through speed regulation, the time
spent waiting in the air can be minimized. This study examines the implementation of speed
constraints for flights arriving at Taoyuan International Airport in Taiwan. Simulations were
conducted for flights required to enter holding patterns, with a reduction in cruising speed
applied. This approach aligns with the Extended Arrival Management (E-AMAN) strategy,
which has been shown to yield significant fuel savings and enhance delay management. The
purpose of this study was to measure the impact of cruise speed constraints on flight efficiency
and assess the implications for air traffic controllers' workload. Results from the simulation
demonstrated notable fuel savings, lower aircraft emissions, and a decrease in controller
workload.

Keywords: Air traffic management, aircraft emissions, fuel efficiency, controller workload,
speed regulation.
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ANALYZING PROCESS PARAMETERS FOR SPRING-BACK MINIMIZATION IN
V-BENDING OF HSLA 420 STEEL: A SIMULATION-BASED STUDY

Hiroshi Tanaka, Mei Lin Chen
Department of Mechanical Engineering, National University of Singapore, Singapore

Abstract:

This research focuses on optimizing process parameters in the V-bending of high-strength
low-alloy steel HSLA 420 to minimize spring-back effects. Key parameters such as punch
angle, die opening, grain direction, and pre-bend conditions are analyzed using the Finite
Element Method (FEM) in conjunction with the Taguchi method and Analysis of Variance
(ANOVA). The study reveals that the punch angle significantly impacts spring-back, while
die opening also plays a crucial role. In contrast, grain direction exhibits minimal influence on
spring-back, with strips cut from flat sheets being less susceptible to spring-back compared to
those from coil sheets. FEM simulations are conducted using HyperForm software, and
experiments are designed according to the Taguchi method. The ANOVA results provide
insights into the percentage contributions of each parameter.

Keywords: V-bending, HSLA 420, FEM, spring-back, Taguchi method, HyperForm
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OPTIMIZED ELECTROMAGNETIC DAMPING SYSTEM FOR VIBRATION
ENERGY RECOVERY

A. Yamada, J. K. Zhou
School of Mechanical Engineering, Tsinghua University, Beijing, China

Abstract:

This paper presents the development and analysis of an optimized electromagnetic damping
system designed to maximize vibration energy recovery in mechanical structures. The proposed
system integrates an advanced electromagnetic transducer with an adaptive control algorithm
to enhance damping performance while efficiently converting vibrational energy into electrical
energy. The optimization process focuses on improving the power density, response time, and
adaptability of the system under varying vibration frequencies. Experimental results
demonstrate a significant increase in energy recovery efficiency and a marked reduction in
system vibrations, proving the effectiveness of the optimized design. This study contributes to
the advancement of sustainable energy solutions, offering potential applications in automotive
suspension systems, civil infrastructure, and industrial machinery.

Keywords: Electromagnetic damping, Vibration energy recovery, Adaptive control, Energy
harvesting, System optimization
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ADVANCED RELATIVE NAVIGATION FOR FORMATION FLYING SATELLITES
USING LASER INTERMITTENT MEASUREMENTS

Dr. Yumi Tanaka, Dr. Min-Jae Kim, Dr. Hyun-Seok Lee

School of Aerospace Engineering, Beijing Institute of Technology, China

Abstract:

Formation flying satellites require precise relative navigation to maintain their configuration
and achieve mission objectives. This study presents an advanced relative navigation approach
using intermittent laser measurements. By leveraging a combination of laser-based distance
measurements and state estimation techniques, the proposed method improves accuracy and
robustness in the presence of limited or intermittent sensor data. A filtering algorithm, adapted
for these intermittent updates, is developed to optimize the fusion of laser measurements with
satellite onboard inertial sensors. Simulation results demonstrate significant improvements in
relative positioning accuracy and stability, particularly in low Earth orbit (LEO) missions.
The findings are expected to contribute to the development of highly coordinated satellite
formations for Earth observation, space exploration, and scientific missions.

Keywords:
Relative navigation, formation flying satellites, laser measurements, intermittent updates, state
estimation
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EVALUATION OF ENERGY OUTPUT AND IRRADIANCE ANALYSIS
TECHNIQUES IN PHOTOVOLTAIC SYSTEMS

Minh Chau Tran, Nguyen Hoang Anh, Ha Thi Mai -
Hanoi University of Science and Technology, Vietnam
Abstract:

The deployment of solar photovoltaic (PV) systems has seen substantial growth over recent
years. Consequently, accurate monitoring of meteorological parameters, including solar
irradiance, air temperature, and wind speed, is crucial for assessing the solar energy potential
of specific locations. This study evaluates two computational approaches for estimating
photovoltaic system energy output by analyzing solar radiation data: the PVsyst software and a
MATLAB-based algorithm utilizing the PVIib package. To achieve this, solar radiation data—
both measured and sourced from a solarimetric database—was analyzed to decompose global
solar irradiance into direct normal and horizontal diffuse components. Additionally, the
modeling of photovoltaic system components, such as solar panels and inverters, was assessed
for energy production calculations. The simulated outcomes were compared against
experimental data to determine the accuracy of the methodologies. The MATLAB algorithm
exhibited energy production estimation errors of less than 30%, while the PVsyst software
demonstrated errors of less than 20%.

Keywords: Energy production, meteorological parameters, irradiance decomposition,
photovoltaic systems.
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INTEGRATION OF SOLAR POWER GENERATORS AND ENERGY STORAGE
SYSTEMS IN POWER DISTRIBUTION NETWORKS

L. Tran, H. Nguyen, V. Pham, N. Hoang
University: Hanoi University of Science and Technology, Vietnam
Abstract:

The deployment of micro-generators utilizing renewable energy sources has seen substantial
growth in recent years, with solar and wind power being predominant. Given the intermittent
nature of these renewable sources, such micro-generators often produce variable energy that
does not always align with peak demand periods for end-users. Consequently, incorporating
energy storage systems alongside the grid plays a crucial role in stabilizing busbar voltage levels
in accordance with energy quality standards. This study examines the impact of integrating a
photovoltaic solar generator and an energy storage system on the voltage stability of busbars
within an electrical distribution network. The consumption profile is modeled based on typical
hourly usage patterns in residential settings, while the generation profile reflects local solar
irradiance. The power summation approach is validated through analytical methods and applied
to compute the voltage modules and angles in the busbars of the electrical system, following
IEEE standards, for each hour of the day, with specified load and generation profiles. Results
indicate that Bus 5 experiences the lowest voltage levels during peak consumption times but
achieves stabilization within acceptable limits with the addition of energy storage during
nighttime. The solar generator contributes to maintaining improved voltage levels during
daylight hours, with production peaks around noon, without exceeding optimal voltage
thresholds.

Keywords: Energy storage, power distribution system, solar generator, voltage stability.
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THE PROMISE OF HYBRID MiCROGRIDS FOR ALLEVIATING POWER
SHORTAGES iN LEBANON

T. Nguyen, H. Tran
University of Danang, Vietnam
Abstract:

Lebanon's ongoing electricity crisis has reached critical levels, with power rationing varying
across the nation. Beirut experiences a 3-hour daily power cut, while other regions face
shortages ranging from 9 to 14 hours. In response, private diesel generators, often installed
illegally, are used to fill the energy void. These generators are widespread in urban areas and
numerous villages, forming fragmented and poorly managed microgrids (MGs). However,
there is potential to evolve these MGs into more efficient, renewable energy-based systems
operating in either island or grid-connected modes. This paper explores the feasibility of
integrating hybrid microgrids as a solution to Lebanon's energy challenges. It examines the
benefits of enhancing existing MGs with renewable technologies, such as photovoltaic (PV)
arrays, and the impact of these advancements on various stakeholders, including developers,
consumers, utilities, and communities. A case study involving a distribution feeder in a rural
area, analyzed using HOMER software, will illustrate the advantages of combining PV
systems with current diesel generators. The paper will also provide policy recommendations
based on the lessons learned from private generation practices and the current legal
framework for privatization and public-private partnerships in Lebanon.

Keywords: Hybrid microgrids, renewable energy, decentralized power systems, distributed
generation.
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ANALYSIS OF VIBRATION SIGNALS IN SMALL VERTICAL AXIS WIND
TURBINES

Mei Lin Zhang, Zhao Wei Chen, Haruto Nakamura
School of Mechanical Engineering, National University of Taiwan, Taiwan

Abstract:

Recent advancements in renewable energy have notably enhanced the role of wind power in
the energy sector. This study examines the impact of blade count and wind speed on the
vibration signals of vertical axis Savonius wind turbines. Experimental tests were conducted
on turbines with two, three, and four blades to analyze their vibration amplitudes in response
to varying wind speeds. Results indicate that an increase in the number of blades reduces the
vibration magnitude. Additionally, the effect of wind speed on vibration levels diminishes as

the blade count increases.

Keywords: Savonius wind turbine, blade count, vibration analysis, wind energy.
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INVESTIGATION OF LEAK EFFECTS ON THE DURABILITY OF SOLID OXIDE
ELECTROLYSIS CELLS UNDER CO-ELECTROLYSIS CONDITIONS

Dr. Yumi Kim, Dr. Wei Zhang, Dr. Haruto Nakamura, Dr. Elena Costa
University of Seoul, South Korea

Abstract:

Solid oxide electrolysis cells (SOECs) exhibit significant potential for converting CO2 and H20
into syngas through co-electrolysis, with subsequent conversion of syngas into hydrocarbons.
This technology, known as power-to-gas or power-to-liquid, faces challenges in cell durability
that must be addressed to optimize performance. This study investigates various configurations,
including nickel-yttria stabilized zirconia (Ni-YSZ) fuel electrode-supported cells, YSZ
electrolyte-supported cells, cerium gadolinium oxide (CGO) barrier layers, and oxygen
electrodes, assessing their durability under co-electrolysis conditions in both galvanostatic and
potentiostatic modes. Impedance spectroscopy revealed changes in the gas concentration arc
upon varying the gas composition at the oxygen electrode while maintaining a constant fuel
electrode gas composition. Open circuit potential measurements indicated leaks in the setup,
with concentration impedance changes possibly linked to these leaks. Additionally, cells were
tested under pressurized conditions to explore the relationship between leak rates and pressure.
The study includes mathematical modeling supported by electrochemical and microscopy
analyses.

Keywords: Co-electrolysis, solid oxide electrolysis cells, leaks, durability, gas concentration.
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A NOVEL THERMOCHEMIiCAL ENERGY STORAGE SOLUTION FOR
TRANSPORTATION: DESIGN AND EVALUATION

Lin Cheng, Yulia Petrov

Faculty of Engineering, University of Cape Town, South Africa

Abstract:

Thermochemical energy storage (TCES) presents a promising approach for long-term and
efficient energy storage, which can significantly reduce greenhouse gas emissions in
transportation applications, including internal combustion engine vehicles. This study
introduces a prototype TCES system developed through reversible sorption reactions involving
LiBr composite and methanol, designed at Zhejiang University in China. The paper examines
the selection of reactive and inert materials, as well as the design of essential components such
as heat exchangers (reactor vessel and evaporator-condenser). It also evaluates the system's
cycle stability under practical operating conditions. The performance of the TCES system is
highly influenced by the environmental temperatures affecting the reactor vessel and
evaporator-condenser during thermal conversion phases. The prototype’s functionality was
validated through multiple test cycles, demonstrating reliable performance without any negative
reactions, thereby confirming its suitability for integration into mobile applications.

Keywords: Thermochemical energy storage, LiBr composite, methanol, transportation
applications, system performance
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OPTIMIZING TECHNICAL AND ECONOMIC PERFORMANCE OF SMART
MICRO-GRIDS WITH RENEWABLE ENERGY: A CASE STUDY IN ASIA

Y. T. Lin, K. W. Zhang, L. R. Chen, Mei Hua, Xiaodong Liu
School of Electrical Engineering, Zhejiang University, China

Abstract:

The growing focus on renewable energy micro-grids underscores their importance in addressing
future energy deficits. This study aims to optimize the component sizes of a smart micro-grid
by evaluating its technical, economic, and environmental performance. The micro-grid in this
study serves two small manufacturing facilities and includes components such as photovoltaic
panels, a backup diesel generator, wind turbines, and a battery storage system. The peak load
demand is estimated at 76 kW. MATLAB/Simulink is employed to model and simulate the
system to assess technical feasibility based on renewable energy generation. Economic
evaluation is conducted using two metrics: net present cost and levelized cost of electricity
(LCOE). The HOMER simulation tool is used to determine the most cost-effective system
components for the given application. Results indicate that a Wind/Photovoltaic (W/PV) on-
grid system is more cost-efficient than a Wind/Photovoltaic/Diesel/Battery (W/PV/D/B) off-
grid system, with LCOE values of $0.266/kWh and $0.316/kWh, respectively. When factoring
in the cost of carbon dioxide emissions, the off-grid system becomes competitive with the on-
grid system, with LCOE values of $0.256/kWh and $0.266/kWh for off-grid and on-grid
systems, respectively.

Keywords: Renewable energy systems, smart grids, micro-grid optimization, economic
analysis, environmental impact
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MICROSTRUCTURAL AND ELECTROCHEMICAL PERFORMANCE OF
CARBON-COATED NANOGRAINED LIFEPO4 AS CATHODE MATERIAL FOR
LITHIUM-ION BATTERIES

Jianhui Chen, Mei Lin Wu
Northeast Normal University, China

Abstract:
Lithium iron phosphate (LiFePO4) has emerged as a leading candidate for cathode materials in

lithium-ion batteries due to its superior properties. In this research, we synthesized and analyzed
pure LiFePO4 (LFP) and carbon-coated nanograined LiFePO4 (LFP-C) to investigate their
microstructural and electrochemical characteristics. X-ray diffraction analysis revealed that the
synthesized samples exhibited an orthorhombic LFP structure with an estimated crystallite size
of 63 nm, as determined by Scherrer’s equation. Scanning electron microscopy images showed
agglomerated particles ranging from 200 nm to 300 nm, while transmission electron
microscopy confirmed the crystalline structure of LFP and the amorphous carbon coating.
Elemental mapping using energy-dispersive spectroscopy indicated a uniform distribution of
the compositional elements. Furthermore, galvanostatic charge-discharge tests were conducted
to evaluate the cathode performance of LFP and LFP-C samples. The carbon-coated LFP-C
sample demonstrated the highest discharge capacity, reaching approximately 140 mAhg-1,
surpassing both the uncoated and commercially available micrograined LFP.

Keywords:
Ceramics, microstructure, electrochemical performance, energy storage, cathode materials
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MICROSTRUCTURAL ANALYSIS AND ELECTROCHEMICAL PERFORMANCE
OF AL-DOPED LINI1/3CO1/3MN1/302 CATHODES FOR LITHIUM-ION
BATTERIES

Jia-Li Huang, Qiang Liu, Rong-Xin Zhang
Central South University, China

Abstract:

A series of layered LiNi1/3C01/3Mn1/3-xAIxO2 (x = 0 ~ 0.04) cathode materials were
synthesized using a carbonate co-precipitation method followed by high-temperature
calcination. The study examines the effect of aluminum substitution on the microstructure and
electrochemical properties of these materials, utilizing X-ray diffraction (XRD), scanning
electron microscopy (SEM), and galvanostatic charge/discharge tests. The findings indicate that
the Al-doped LiNi1/3C01/3Mn1/302 retains a well-ordered hexagonal a-NaFeO2 structure.
Although increasing the Al content leads to a decrease in discharge capacity, the
LiNi1/3C01/3Mn1/3-0.02A10.0202 composition demonstrates excellent capacity retention at
high voltages (4.6 V). This makes LiNi1/3C01/3Mn1/3-0.02A10.0202 a viable candidate for
use in sustainable electric vehicles.
Keywords: Lithium-ion battery, carbonate co-precipitation, microstructure, electrochemical
performance.
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FABRICATION OF 3D SNO LEAFY NANOSTRUCTURES AND THEIR
ELECTROCHEMICAL PERFORMANCE AS ANODE MATERIALS FOR
LITHIUM-ION BATTERIES

Xin Liu, Hyeon-Ju Park, Haruto Yamaguchi, Nurul Izzati Ahmad

National Taiwan University of Science and Technology, Taiwan

Abstract:

In this study, 3D SnO leafy nanostructures composed of self-assembled nanosheets were
successfully synthesized using a template-free hydrothermal method under mild conditions. X-
ray diffraction (XRD) analysis confirmed the tetragonal phase of the synthesized SnO.
Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) images revealed
that the leafy nanosheets possess a polycrystalline structure, consisting of numerous single-
crystalline nanoparticles. Raman spectroscopy identified two distinct modes, A1g=210 and
Eg=112 cm™, characteristic of SnO. The electrochemical performance of the SnO leafy
nanostructures was evaluated as anode materials for lithium-ion batteries through galvanostatic
cycling tests. The results indicate that these SnO leafy structures exhibit promising potential as
anode materials for lithium-ion batteries.

Keywords:
Hydrothermal synthesis, lithium-ion battery, Raman spectroscopy, stannous oxide.
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PROPANE DEHYDROGENATION OVER PLATINUM-TIN CATALYSTS
SUPPORTED ON MAGNESIUM ALUMINATE WITH VARYING MG/AL RATIOS

Liang Chen, Yuan Zhang
Shanghai University of Engineering Science, China
Abstract:

Platinum-tin (Pt-Sn) catalysts were synthesized using magnesium aluminate as a support
material, with different Mg/Al ratios to study their effects on catalytic performance. The
catalysts were characterized using N2-adsorption, X-ray diffraction (XRD), temperature-
programmed desorption of NH3, and thermogravimetric analysis (TGA). The catalytic activity
was evaluated at 595°C for propane dehydrogenation under 0.5 barg pressure, using pure
propane with a steam-to-hydrocarbon ratio of 1 mol/mol and a weight hourly space velocity
(WHSV) of 0.9 h'. Chlorine quantification was conducted using a Carbon-Hydrogen-Nitrogen-
Sulfur (CHNS) analyzer. The dechlorinated catalyst with a higher alumina content
demonstrated superior performance, achieving 38-43% propane conversion and 91-94%
propylene selectivity, compared to the Pt-Sn-Mg-Al-DC-1 catalyst, which showed 30-18%
propane conversion and 83-90% propylene selectivity.

Keywords: Propane dehydrogenation, magnesium aluminate, platinum-tin catalyst,
dechlorination.
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EXPERIMENTAL ANALYSIS OF FIRE-RESISTANCE IN ECO-FRIENDLY
CORRUGATED SANDWICH PANELS

Dr. Wang Jun, Shanghai Maritime University, China
Dr. Pradeep Kumar, University of Dhaka, Bangladesh
Dr. Lian Xiu, Shandong University, China

Abstract:

In recent years, there has been a growing trend in utilizing renewable materials for semi-
structural and structural applications. Despite the long-standing use of sandwich panels,
research focusing on the fire-reaction properties of these panels, particularly with innovative
core structures, remains limited. This study explores the fire-resistance of corrugated sandwich
panels fabricated from an eco-friendly and sustainable material—plywood. Utilizing a cone
calorimeter, the fire-reaction properties of a three-layered corrugated core, bonded with face
sheets, were examined under a heat flux of 50 kW/m?. The results revealed a distinctive heat
release pattern, showcasing the fire resilience of the 3-layered corrugated plywood panels.
Notably, the peak heat release rate was recorded at approximately 421 kW/m?, which is
considerably lower than that of many polymeric composites. Additionally, the panels exhibited
minimal smoke production and a nominal total heat release. The ignition time of 21.7 seconds
further emphasized the fire-resistant advantages of plywood, which ignites slower than many
polymeric composites, even those with flame-retardant additives. These findings suggest that
corrugated plywood sandwich panels demonstrate significant fire-resistance, making them
viable for structural applications. The potential of using biodegradable materials in structural
panels offers promising opportunities for developing sustainable sandwich panel designs.

Keywords:
Corrugated sandwich panel, fire-resistance, plywood, sustainable material, renewable
resources.
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SYNTHESIS AND ELECTROCHEMICAL PERFORMANCE OF 3D SNO CABBAGE
NANOSTRUCTURES AS ANODE MATERIAL FOR LITHIUM-ION BATTERIES

Muhammad Zubair Igbal, Yingjie Li, Pengpeng Liu
University of Peshawar, Pakistan
Abstract:

A novel three-dimensional SnO cabbage nanostructure has been synthesized using a template-
free hydrothermal method under mild conditions. X-ray diffraction (XRD) analysis confirms
the tetragonal phase of the synthesized SnO. Transmission electron microscopy (TEM) and
high-resolution TEM (HRTEM) images reveal that the cabbage-like nanosheets possess a
polycrystalline structure, comprising numerous single-crystalline nanoparticles. Raman
spectroscopy identifies two characteristic modes of SnO at Alg=210cm'and Eg=112 cm™.
The electrochemical performance of the SnO cabbage nanostructures, tested as an anode
material for lithium-ion batteries, demonstrates their potential as a promising candidate for
high-performance energy storage devices.

Keywords: Hydrothermal synthesis, lithium-ion batteries, Raman spectroscopy, SnO
nanostructures, electrochemical properties.
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IKLIM NOTRLUGE GECIiSTE ULUSLARARASI AKSIYONLARA BAKIS

Doc. Dr. Erdem ISIK !, Hande ALYANAK BILGIN 2
! Munzur Universitesi, Mithendislik Fakiiltesi, - 0000-0003-4715-6582

2 Munzur Universitesi, Mithendislik Fakiiltesi,

OZET

Enerji ve iklim degisikliginin esast, ulusal ve uluslararast mecralarda oldukg¢a giindemde
olan ve iilkelerin iizerine egildigi bir meseledir. Ozellikle enerji sathasinda birincil énciil, doga
temelli problemlerin ¢6ziim yollarinin aranmasina artan meyil ile kaynaklarin dogru
kullanimlarin tesvik etmek {izerine calisan bir proses olarak islemesini saglamaktir. Iklim
degisikligi unsurunu dikkate aldigimizda ise Ozellikle cevresel faktorlerin denetlenerek
zararlarin sistemden elimine edilmesiyle orantili olarak kontrollii degisimi gozlenebilmektedir.

Bu noktada “iklim nétrlige geciste uluslararasi aksiyonlara bakis” kapsaminda
baslangicta izlenecek stratejik temel adimlarin saptanmasi ile karbon nétr sisteme gegilerek
ekonomik, kitlesel, teknik firsatlar ve yeni imkanlar dogabilmektedir. Ele aldigimiz bu
baglamlarin Yesil Avrupa Anlagsmasi veya Yesil Mutabakat degerlendirmesi bazindaki rolleri
incelenerek, stratejik misyonlar olusturulmasi halinde siirdiiriilebilir kalkinma miimkiin
kilimabilmektedir. Avrupa Birligi Yesil Anlasma ile 2050 senesine kadar fosil yakitlari
tamamen ortadan kaldirmay1 ve diinya ¢capindaki ilk karbon nétr bolge olmay1 hedeflemektedir.
Maksimum enerji tasarrufu ve minimum karbon salinimu ile siirdiiriilebilir kalkinmaya tesviki
saglayacak bu basamaklar, kiiresel rekabeti arttirsa da sektorel bazda bir¢ok kademeyi
ilgilendirerek diger iilkelerin de siirdiiriilebilir kalkinma stratejisine dogrudan ya da dolayli
sekilde katkida bulunmasini saglayacaktir. Bu ¢alismada iklim nétrliige gecis adina alinmis en
temel aksiyonlar incelenerek, karbon nétrliige gecisteki primer adimlar nedir sorusuna cevap
bulunmaya ¢aligilmistir.

Anahtar Kelimeler: Tklim Nétr Sehirler, Enerji ve Iklim Degisikligi, Karbon Notr Sehirler

1. GIRIS

Iklim degisikligi, yeryiiziinde uzun yillar boyunca yasanan tiim hava kosullarinin, belirli
bir siire gectikten sonra gézlemlenen degisim halidir. Belli bir dlgekte yagmur, sicaklik, riizgar
hiz1 gibi temel atmosfer kosullarinin uzun siireler altinda gdzlemlenmesi halinde, dogas1 geregi
iklim degisikligi gozlemlenmektedir. Iklim notr ifadesi kapsammi Avrupa Birligi
Komisyonu’nun ortaya koydugu European Green Deal (Avrupa Yesil Anlagmasi) baglaminda
biinyesinde barindirmaktadir [1-2]
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Bahsi gecen “Avrupa Yesil Anlasmasi” ve/veya “Avrupa Yesil Mutabakati” ile Avrupa
Birligi, “2030 senesine dek minimum 100 iklim N&tr ve Akilli Sehir Uygulamasini”, 2050
senesine kadar ise Avrupa bolgesinin biitiin sehirlerini kapsayacak sekilde diinyadaki ilk
“karbon notr” bolgesi olmay1 hedeflemektedir [3].

Karbon nétr kita/bolge olmasi igin gesitli yaptirimlara; karbon vergisi, kiiresel sera gazi
emisyonu ve dahasi karbon ayak izi azaltma uygulamalarina hiz kesmeksizin devam etmektedir.
Ulusal Enerji Ajansi’nin (International Energy Agency) sundugu verilere goére Danimarka
Enerji Strateji Calismasinda 2050 yilina kadar Ulusal Enerji temelinde fosil yakitlardan
bagimsizlig1 saglamak ve buna yonelik ilk adimda petrol, gaz ve komiir tiiketiminden %100
oraninda bagimsizlasma saglayincaya dek hiikiimet yonetiminin yardimiyla kademeli olarak
azaltilmasinin amaglandigini beyan etmistir [4].

Yesil Mutabakat Anlasmasi’nin temel amaci ekolojik ve yapisal diizendeki
deformasyonlari iklim, ¢evre, ekonomi, oturum gibi bir¢ok degisken lizerinden zarar1 minimize
edecek revizyonlarla “iklim ve dolayisiyla karbon nétr” sehirlere entegre etmektir. Bu
entegrasyon islemlerinde onemli bir atilim olan SDG 11 (Sustainable Development Goal),
Birlesmis Milletler Genel Kurulu tarafindan 2015 yilinda belirlenmis olup, biitiinciil diizeyde
ekonomik, yapisal, ¢evresel, kiiltiirel 1slahin saglanmasi; sehirlerin dogal tarihi miraslarinin,
biyocesitliligin muhafaza edilmesi ve tutarlilikla siirdiiriilebilirlik saglanmasini 2030 senesine
dek gergeklestirmis olmay1 hedeflemektedir [5].

Insanlar atmosfer ortamina sera gazi salinim gergeklestirdikce iklim degisikliginin etkileri
her gegen giin daha da belirginlesmektedir. Devasa hava olaylari, deniz seviyesinin yiikselmesi
ve artan yogun firtinalar gibi cesitli etkiler siklikla goriilmektedir. Siki iklim politikalar1 ve
aksiyonlari, diisiik veya sifir karbonlu toplumlara yol agsa da iklim degisikligi tarihi emisyon
etkileri dolayisiyla oniimiizdeki yillarda insanligi ve ekonomileri etkilemeye devam edecektir
[6].

Bu ¢alismanin amaci “Iklim Notr Uygulamalarr” 8zelinde iklim ve karbon nétrliige gegiste
uluslararas1 aksiyonlarin ele alinmasiyla, yapilan ¢aligmalara genis bir perspektiften bakis
yaratmaktir. Bu bakisi saglikli diizeyde gergeklestirebilmek adina kavramin doniim noktalaria
bakmak, iklim noétrlilk esasina hizmet eden diger kavramlar ve alinan kararlarin verilerini
toplamak, eski verilerin yeni verilere nasil entegre edilecegini yonetmek, mantikli bir bakis igin
veri sahasini giincellemek ve az deginilen noktalara deginerek c¢alismalara deger kazandirmak
asil hedef olmakla birlikte, hizl1 bilgi cagmmin getirmis oldugu degisim ilkelerinin hizli bir
sekilde uygulanmas1 gerektigine dikkat ¢ekmektir.

Sézii edilen amaglarin 1s18inda bu ¢alismanin, “Birlesmis Milletler Iklim Degisikligi
Cerceve Sozlesmesi”, “Uluslararasi iklim Miizakerelerinde Onemli Tarihler”, “Iklim Notrliige
Gegisteki Riskler” gibi hususlara kiiresel diizeyde bakma hedefi esas alinmistir.
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2. iIKLIM NOTR KAVRAMI

Iklim nétr ifadesi, Green House Gas (GHG) literatiir adin1 tasiyan sera gazlarinin
emisyon oranlarinin tamamen sifirlanmasi ya da gezegenin dogal emisyonu dengeleme fikrine
ulagmasimi ifade etmektedir. Ayni1 zamanda dogada tutunan sera gazlarinin diizenleme ve
telafisi (offset), tamamen iklim nétr olabilmek igin ¢ok dnemlidir. Net Sifir emisyon dengesi
bu sayede saglanabilmektedir. Tklim nétrliige ulasmak icin iklim aksiyonlar1 hizla harekete
gecirilmis, NetZeroCities adini tastyan “Akilli Sehirlere” gecis plant aksiyona alinmistir. Sera
gazlar1 diinyada atmosferde 1s1y1 hapseden gazlardir. Bu gazlar bir seranin camdan duvarlari
gibi davranis gostererek 1sinin bir kismini tutmakta ve diinyada yasanabilir sicakligi saglamakta
onemli rol oynamaktadir. Ancak sanayi devriminden sonra insanlarin da etkisiyle sera gazlar
saliniminda ciddi oranda artis goriilerek, bilim insanlar1 tarafindan iklim degisikligine yol actig1
konusunda ortak bir kaniya varilmistir. Oyle ki; degisen yasam dinamikleri atmosferdeki dogal
sera etkisini giinden giine degistirmektedir [7-8].

2.1. Netzerocities

NetZero sehirler adlarindan anlagilacag iizere, kent yasaminda emisyon ve sera gazi
(Green Houses Gas) oranlarinin miimkiin mertebe indirgenmesi sonucu meydana getirilmesi
amaclanan yasam alanlaridir. Net Sifir emisyonu hedefleyen sehir yonetimleri kurularak,
sehirlerin “stirdiirtilebilir yasam alanlar1 ve akilli sehirlere” donlismesi saglanmaktadir.
NetZeroCities, iklim ndtr ve akilli sehirler misyonunun yapitasidir. iklim degisikliginin
olumsuz etkilerinin Oniine gegmek, enerjiyi gerekli alanlarda daha yiiksek performansl
kullanmak amaciyla yola ¢ikilmis bir yaklasimla sera gazi emisyonlar1 ve karbon ayak izinin
azaltilmasi gerekmektedir [9].

Avrupa Iklim Altyapis1 ve Cevre Yiiriitme Ajans1 & Avrupa Komisyonu tarafindan
ylriitiilen ve desteklenen bu projede sehirlerin 2030 yilina kadar net sifir emisyona ge¢mesini
hizlandirmak hedeflenmektedir. Avrupa’yr ve oOzellikle yaygin olarak Avrupa sehirlerini
destekleyen bu projede toplumlarin giiniimiizdeki en biiyiik zorluklarindan biri olan “Iklim
Notrliige Ulasma” konusunda dengeleyici iklim eylemleriyle, 6zellikle sera gazlarini biiyiik
olgiide indirgeyecek calismalarda bulunmaktadir. Bu proje, ayrica Avrupa Birligi Yesil
Anlagmasi’m1 destekleyen Horizon 2020 Arastirma ve Yenilik Programi’nin bir parcasidir.
Sistem {izerinde kabul edilen basvurularin onaydan ge¢cmeyen kismi da sistemden elimine
edilmek yerine, sehircilik kurumlar1 ve belediye yonetimlerine verilen egitimlerle kabule aday
hale gelebilmektedirler. Net sifir sehirler 2030 yilina kadar iklim nétrliigii saglamak amaciyla
sehirlerin karsilastiklart mevcut yapisal, kurumsal ve kiiltiirel engelleri ortadan kaldirmak
{izerine gelistirilmistir. NetZeroCities, “2030’a kadar 100 Iklim No6tr Akilli Sehir” misyonunun
pargast olan sehirleri desteklemek amaciyla tasarlanmig olup, portal araciligiyla tiim sehirlerin
erisimine agik olan tek nokta platform haline getirilmekte ve katilimc1 olmak isteyen bir dizi
pilot sehri desteklemektedir [2].
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3. IKLiM NOTRLUGE GECIiSTE ULUSAL VE ULUSLARARASI BASVURULAR

Avrupa Birligi (European Union) 25 Kasim 2021 tarihinde “iklim Nétr ve Akill
Sehirler Misyonu” adinda bir ¢agr1 baglatmistir. Avrupa bolgesinde baslatilan bu doniistim
cagrist 31 Ocak 2022 tarihinde son bulmustur. 377 sehrin ilgilendigi beyaninda bulunmasina
ragmen iclerinden 362 sehir uygun bulunmustur. Genel bazda 15 sehrin bir kismimin gerekli
niifusu karsilamadig1 gerekgesiyle bir kisminin ise belediye bagkanliginin destek mektubu
icermemesinden kaynakli reddedildigi beyan edilmistir. Kamuya agik basvurular; Avusturya,
Belcika, Bulgaristan, Hirvatistan, Kibris, Cekya, Danimarka, Estonya, Finlandiya, Fransa,
Almanya, Yunanistan, Macaristan, irlanda, Italya, Letonya, Litvanya, Liikksemburg, Malta,
Hollanda, Polonya, Portekiz, Romanya, Slovakya, Slovenya, Ispanya, Isve¢ olmak iizere
sayilan iilkeler net sifir sehirlere kesin kabul beyani almistir. Arnavutluk, Bosna Hersek,
Izlanda, Israil, Karadag, Norveg, Tiirkiye ve Birlesik Krallik ise bu hususta miizakere
stirecindedir [10].

Ulkemiz agisindan katilimer sehirlerimizi ele alacak olursak; Ufuk Avrupa Tiibitak
platformu ve Avrupa Birligi’nin finans destegiyle “Twin Cities” (ikiz Sehirler) 6grenme
programina katilma bagvurusu olumlu sonu¢lanmistir. Bagvurular1 onaylanan sehirlerimizden
biri Eskisehir bir digeri ise Konya olup; egitimde Eskisehir ilimiz Pilot Sehir Budapeste
(Macaristan) ile eslesmis, Konya ilimiz ise Pilot Sehir Ukrayna (Rivne) ile eslestirilmistir.
Istanbul sehrimiz ise daha evvel Pilot Sehir secilmis oldugundan israil ve Yunanistan (Midilli)
proje benzerliginden 6tiirii Istanbul’a Ikiz Sehir olarak segilmislerdir. Ikiz Sehirler programi
veya misyonu 20 aylik bir 6grenme programi olarak planlanmistir ve Mayis 2025 itibariyla sona
erecektir. Program kapsaminda Ikiz Sehirler Pilot Sehirler ile kontak halinde, siirekli iletisim
saglayarak projelerini deneyimli uzmanlardan faydalanarak diizeltme, yapilandirma ve/veya
yeniden olusturma imkanina sahip olacaklardir [11-12].

3.1. Iklim Nétrliige Gegis Risklerine Genel Bakis

Avrupa Yesil Anlagmasi ile Avrupa Birligi Komisyonunca belirlenen “2030 senesine
kadar minimum 100 Iklim Notr ve Akilli Sehir Uygulamas:1” hedefinden yola ¢ikilarak bugiine
kadar sifir emisyon amaci ¢evresinde yapilmis c¢alismalarda sehirler bazinda kapsamli
caligmalar bulunabilirken, yerel yonetimlere ve bolgelere iliskin veriler ¢ok az sayida ve lokal
kalmistir. Birtakim c¢alismalar sonucu olusturulan risk analizlerinde iklim nétr olma hedefine
katilmis 362 sehrin verileri baz alinarak politik, finansal, yapilandirici, diizensel, operasyonel,
organizasyonel, sosyal, ¢evresel ve emniyet riskleri gz dniinde bulundurulmustur.

Varilan sonuglarda dokuz risk faktdriinde sirasiyla en can alict noktalar; politik
bakimdan ulusal ve uluslararasi mevzuatlar arasinda uyumsuzluk yasanmasi, finansal bakimdan
ongoriilemeyen sermaye kapasitesi yonetim sorunu, yapilandirma bakimindan ¢ok uzun
prosediirler olmasi, diizen bakimindan yerel yonetimlere asir1 sinirlamalar olmasi, operasyonel
acidan finansal smirlamalar ve kaynak kithigi sebebiyle kaynak alamama ve dolayisiyla
dijitallesmeyi yonetememe problemleri, organizasyonel agidan kalifiye personel eksikligi,
sosyal agidan imkan esitligi icinde calisamama, ¢evresel olarak iklimin korunmasina karsin
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biyogesitliligin korunmasi ve giivenlik agisindan enerji giivenligi ve sebeke korumasi gibi ¢ok
cesitli riskler barindirmaktadir [13].

3.2. Uluslararasi Iklim Miizakerelerinde Onemli Tarihler

Iklim degisikligi ile miicadele etme gerekgesiyle gerceklestirilen uluslararasi cabalar
sonucu Birlesmis Milletler iklim Degisikligi Cerceve Sozlesmesi (BMIDCS) 1994 yilinda
imzalanmigtir. S6zlesme'nin temel gayesi “Sozlesme'nin ilgili hiikiimlerine gore, atmosferdeki
sera gazi birikimlerini, iklim sistemi {izerindeki tehlikeli insan kaynakli etkiyi onleyecek bir
seviyede tutmay1 basarabilmek” olarak tanimlanmistir. BMIDCS nin szlesme gergevesinde en
iist karar organi Taraflar Konferans1 (COP)’dir. 1995 yilinda ilki Berlin’de gergeklestirilmistir.
1997 senesinde Kyoto Protokolii kabul edilmis olup, Birlesmis Milletler Iklim Degisikligi
Cerceve Sozlesmesi’ne mensup iilkelerin sera gazlarinin artmaya devam etmesi sebebiyle ortak
kabule vardigi 6nemli bir adim olmustur. Tiirkiye Cumhuriyeti ise bu protokole 2009 yilinda
taraf olmustur. 2005 senesinde yiiriirliige giren Kyoto Protokolii ardindan Taraflar Konferansi
(COP) gergeklestirilmeye devam edilmistir.

2001’ de COP 7 Marakes, 2007°de COP 13 Bali, 2009°da COP 15 Kopenhag, 2010°da
COP 16 Cancun, 2011°de COP 17 Durban, 2012°de COP 18 Doha, 2013’te COP 19 Varsova’da
gerceklestirilmistir. 2015 senesi icerisinde Paris/Fransa’da gergeklestirilen COP21 (Conference
of Parties 21th) ile radikal bir adim atilarak ilk kez global diizeyde biitiin iilkeler sera gazi
emisyonlarin1 azaltma sdzii vermislerdir. Iklim degisikliginin 2020 sonrasi ana hatlarmni
olusturan Paris Anlasmasi1 kabuliinii takiben birinci senesinde yiiriirliige giren ilk global
anlagsmadir [14-15].

3.3. Iklim Diplomasisi Etrafinda Yakin Gelecege Dair Yaklasimlar

Avrupa Birligi Yesil Anlagmasi (European Green Deal), Avrupa Birligi tarafindan 11
Aralik 2019°’da sunulmus ve hedef dogrultusunda 2050 senesine kadar diinyay:r iklim notr
kilmaya yonelik kiiresel bir aksiyon olmustur. Ekolojik denge, dogal ve kiiltlirel miraslarin
korunmast ve yeni nesillere yasanabilir bir diinya birakmak i¢in g¢evresel, ekonomik ve
organizasyonel yasami daha iyi bir versiyon haline getirmeyi amaglamaktadir. Bu anlagsma
oncesi 2010-2019 yillar1 aras1 kiiresel sicakligin en yiiksek 6l¢iildiigii zamanlar olmus ve “iklim
degisikligi” caligmalar1 hiz kazanmistir. Fakat kiiresel 1sinmanin sonuclari ekonomileri
etkilemeye devam edecektir. Dolayisiyla bu anlagmanin basarist Avrupa Birligi disindaki diger
tilkelerin de siirdiiriilebilir kalkinma hedefine uyum ve katilimlarina baglidir [16].

Yakin gelecekte (giiniimiiz- 2050 arasi) karbon ayak izi sifirlanmasi hedeflendiginden,
diplomatik alanlarda da stratejik olarak Avrupa Komisyonu’nun “Dongiisel Ekonomi Eylem
Plan1” (Circular Economy Action Plan) ¢ergevesinde siirdiiriilebilir ve akilli hizmetler, enerji
korunumlu is modelleri, akilli ¢6ziim ve doniisiimler 6n plana ¢ikmaktadir [17].

Tiiketim algisinin yikilmasiyla siirdiiriilebilirligin yayginlagsmasi, iiriin ve hizmetlerin
tek kullanimlik olmasi yerine yeniden yerinde doniisiim planlarinin saglanmasi, dogala doniis
ve giines, riizgar, elektrik enerjisinin; havacilik sektoriinde ise yenilenebilir hidrojen
kullanilmas1 planlanmaktadir. Endiistriyel ve kimyevi alanlarda ise saghigi tehdit eden
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kimyasallarin tespit edilmesiyle elenmesi, sanayi alanlarinda siirdiiriilebilir kimyevi tiriinlerin
yenilenmesi 6ngoriilmektedir [18].

3.4. Tklim Finansmani

Birlesmis Milletler iklim Degisikligi Cerceve Sézlesmesi (BMIDCS) araciligi ile iklim
degisikligi ile miicadelede; iklim degisikliklerine uyum ve sera gazlari azalim g¢aligmalarini
destekleyen finansman “iklim Finansmani” olarak adlandirilmaktadir. iklim Degisikligi ile
miicadele arttikca finansman cesitleri ve finansal araclarin ¢esitliliginin artacagi da
ongoriilmektedir [19].

Kiiresel capta iklim finansmani ge¢misten giinlimiize kamu kurum ve kuruluslar
tarafindan finanse edilir ve desteklenirken, giliniimiizde artan islem hacimleri sebebiyle
bankalar, sivil toplum kuruluslari, proje gelistiriciler ve aracilar ile de finanse edilmeye
baslanmistir. Ozel finansal destege artan bu ihtiyag, kamusal ve &zel kaynaklarin tek bir fona
katkida bulunarak karma finansman ile daha diisiik riskler alarak gelisimin desteklenmesine
yardimcei olmaktadir [20].

4, SONUC VE ONERILER

Iklim Nétrliige ulasabilmenin bir diger ifade dali “Karbon Nétrliige” ulasabilmek
olmalidir. Bu faktér de dogal olarak sera gazi emisyonlarinin azalmasma baghdir.
Stirdiirtilebilirlik, akilli sehirlesme, iklim nétrliige gecis, karbon nétrliik ve karbon ayak izi
sifirlama konularinda “Net Sifir” kavramiyla yeni bir pencere acabilecektir. Bu calismayla
birlikte varilabilecek ilk sonug, glinlimiize kadar olmus olan olumsuz iklimsel etkilerin, 6nce
anlasilmasinin ve analiz edilmesinin; ¢evresel ve yapisal olarak revizelerde ve sifir emisyona
erisebilme uygulamalarinda biiyiik rol oynayacagidir.

Olusan sera gazi etkisini bir anda yok etmek miimkiin olmasa da Avrupa Yesil
Anlagmasi ile ortaya konan yakin gelecek (2050) hedefleri ile iklim nétr ve net sifir emisyona
bir noktada ulasilabilecegi 6ngoriilmektedir. “Karbon nétr” ve “Net Sifir” terimleri birbirlerini
destekleyen terimler olsalar da anlam bakimindan belli noktalarda ayrisan fenomenler oldugu
kanisia varilmistir. Net Sifir ifadesinde ana hedef fosil yakit kullaniminin durdurulmasi ile
sera gazi emisyonlariin azaltilmas: iken, karbon noétr ifadesi dengeleme (offset) kuraliyla
atmosferde tutunan sera gazinin yutulmasi igin gesitli alanlara yatirnm yapilarak daha ¢ok
diizenleme esasina dayandirabilmektedir. Tekrar etmekte fayda vardir ki; her iki terim de iklim
notrliikk ortak paydasina hizmet etmektedir. Kiiresel bazda biitlin {ilkelerin ortak istirakinin,
enerji alaninda yenilenebilir enerjiyi aktive ederek; iklimlendirme ve iklim nétrliige ulasmada
ortamlar1 dogallastiracag1 ve daha siirdiiriilebilir bir yasam olusturmanin sehir yonetimleri
araciligiyla miimkiin olabilecegi gdzler oniine serilmistir. Ulkeler arasi rekabet yaratabilecek
bu saha gelismislik seviyelerine gore diizenledigi egitimlerle daha yiiksek hedefler ortaya
koyabilecektir. Fakat ¢alismalar hibrit yontem ile yiiriitiildiigiinden tlkelerin esit standartlara
erisebilmesi biiyiik 6nem tasimaktadir. Bu noktada Tiirkiye gibi “gelismekte olan {ilke” olarak
Paris Anlagmasi’na dahil olan iilkelerin ¢aligsmalara egitim ve mukayese yontemleri agisindan
hizli uyum saglamalar1 gerekmektedir.
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Finansman destegi bulunurken alanin konumu, projeye uyum saglayabilme hizi ve
sonugtan alinacak fayda titizlikle hesaplanmalidir. Saglanan destegin 6deme ve/veya hibe
kosullar1 yerel yonetimler araciligiyla belgelenmeli, kayit altina alinmalidir. Elbette diplomatik
iliskilerin de iklim nétrliige gegis misyonu tizerinde biiyiik etkisi goriilmektedir. Avrupa Birligi
onciiligiinde kendini gergeklestirmeye devam eden “Yesil Avrupa Anlagmasina” biitlin
iilkelerin katilimlar1 ve yatirnmlar1 oranlariyla istiraklerin artmasinda belirleyici rol
oynayacaklar1 6ngdriilebilmektedir.

Diplomasi alaninda atilacak her adimin ekonomik yeni kararlari beraberinde getirecegi
ve iklim noétrlik hedefine ulagsmada hizli adaptasyonlara gerek duyulacagi goéz ardi
edilmemelidir. iklim zirveleri (Conference of Parties) haricinde katilime iilkelerin ve pilot
iilkelerin esit sartlarda degerlendirme saglayabilecekleri iletisim platformlari kurulabilir. Bu
sayede akilli sehirlere dontisiim saglanirken iilkeden iilkeye degisiklik gosteren prosediirler
belediye yonetimleri tarafindan saglikli hale getirilebilir, benzerlikler ve farkliliklar
ayiklanabilir, gelismislik diizeyinden kaynaklanabilecek eksikliklerin yerel yonetimlerce nasil
kapatilacagi sorunu ¢oziilebilir, pilot sehirlerden eksper segimleriyle sehirler akilli sehirler
misyonuna daha hizli entegre edilebilir. Ayrica bir iilkenin katilimc1 olan biitiin sehirlerinin
birbirine entegre ¢alismasi sistemi daha kolay, sorunlar1 daha hizli ¢o6ziilebilir kilabilecektir.
Ilerleyen siireclerde esit sartlarda egitim alan iilkelerin de karsilikli olarak iilke ziyaretleri ve
eksikliklerin yerinde tespit edilmesi her iki taraf i¢in de akilli sehirler misyonuna daha saglikli
gecisini saglayabilir.

Yerel yonetimlerin hazirladig1 eylem planlarinin, siirdiiriilebilirligin ekonomik, ¢evresel
ve sosyo-kiiltiirel esaslar1 gbz oniine alinarak degerlendirilmesi, bir sonraki basamakta ise iklim
notrliikk uygulamalar sinifinda isleme alinmasi hata payini diisiirebilen bir etken olabilir. Akilli
sehirlesmeyi gergeklestirebilen pilot iilkelerin iklim nétrliige geciste karsilastiklar: hatalar
raporlamalari, sorunlara yaklagim yontemlerini paylasmalar1 da akilli sehirler misyonuna
uyumlanmakta olan diger iilkelere biiyiik dl¢ciide yardimci olabilir.

Iklim Nétrliige gecis; barmnma, gida, tekstil, saglik, insaat, sanayi, ticaret ve daha birgok
kalemi etkileyebilecektir. Sera gazlarinin azaltilmasi i¢in yiiriitillen bu ¢alismalardan yola
cikilarak ilk genel bakis iklim nétrliigiin sosyal, kiiltiirel, ekonomik, ¢evresel olarak edinilen
bircok aliskanligin yeniden sekilleneceginin sinyallerini vermektedir. Kiiresel olarak biitlin
katilimcilarin adaptasyonu saglanana dek cok gelismis ve imkanlar dahilinde projeyi
Oziimsemis olan iilkelerin kendilerinden daha az gelismis iilkelere nazaran daha ¢ok kontrol
sahibi olacag1 ongoriilebilmektedir.
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