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PREFACE

Itis a great pleasure to welcome you to the 21st UMTIK — International Conference on Machine Design and Pro-
duction. UMTIK is an international scientific event held biennially since 1984. Covering a wide range of contemporary
topics—most notably mechanical engineering, but also manufacturing technologies, machine design, artificial intel-
ligence applications, aerospace simulations, and industrial developments—the congress brings together academics,
researchers, and industry representatives from around the world.

The theme of UMTIK 2026 is selected as “From Industry 4.0 to Industry 5.0 and Beyond: Building a More Sus-
tainable World” for the following reasons.

The primary reason for the transition from Industry 4.0 to 5.0 is that production in Industry 4.0 focused entirely
on machinery and digitalization and overlooked the human factor, environmental sustainability, and personalized
production. Furthermore, production issues and supply chain problems experienced during the pandemic—along
with the shortcomings of “dark factories” (a key focus of Industry 4.0)—are encouraging manufacturers to adopt
resilient, human-centric, and sustainable production methods, which are the core tenets of Industry 5.0. The goal of
this transition is to make systems smarter and greener by having technology work in collaboration with humans.

Taking all these factors into account, this topic was selected for UMTIK 2026 with the aim of bringing together
organizations operating in the fields of machine design and manufacturing processes to facilitate knowledge sharing
regarding the 2026 scope areas.

The Honorary Chairpersons of the Conference, the presidents of the universities, Prof. Dr. Hasan MANDAL of Is-
tanbul Technical University and Prof. Dr. Ahmet YOZGATLIGIL of Middle East Technical University, will make significant
contributions to UMTIK 2026 by participating in the panel session on “Building Human Capability for Collaborative
Augmented Intelligence Ecosystems.”

ROKETSAN will arrange a special session on Lifecycle Analysis of Modern Defense Systems, which will bring in-
dustry and academia together on the subject of defense systems that have started to receive more support due to
the current geopolitical situation.

Additionally, UMTIK 2026 will include world-renowned keynote speakers who are experts in their fields, such
as Prof. Dr. Alessandro BALSAMO, Prof. Dr. Yusuf ALTINTAS, Dr. Hakan YAVAS, Prof. Dr. Tamotsu MURAKAMI,
Prof. Dr. Feza KORKUSUZ, Dr. Andy GLEADALL, and Dr. Emel MAHMUTYAZICIOGLU. It will also include a special
session in memory of the late Professor Dr. S. Turgut Timer, an esteemed scholar, educator, and researcher who
made outstanding contributions to mechanical engineering education.

On August 18, 2026, the day before the UMTIK 2026 conference begins, a tutorial entitled “Metrology: Its Role in
Production and Applications on Machine Tools” is arranged in consideration of the particular need for high-precision,
high-value-added machine tools capable of precision manufacturing, especially within the defense and aerospace
sectors.

The first-day program will start with the Opening Ceremony, including welcoming and opening speeches by the
Conference Chair, Prof. Dr. S. Engin KILIC; the Rector of the host university (ITU), Prof. Dr. S. Hasan MANDAL; and the
Rector of METU, Prof. Dr. Ahmet YOZGATLIGIL. It will be followed by the panel session “Building Human Capability
for Collaborative Augmented Intelligence Ecosystems — Engineering Human-Al Collaboration for Industry 5.0 and Be-
yond,” with panelists Prof. Dr. Hasan MANDAL, Prof. Dr. Ahmet YOZGATLIGIL, Donald H. TAYLOR, and Suat BAYSAN,
moderated by Assoc. Prof. Tarkan GURBUZ.

The first-day program in the afternoon starts with a plenary session featuring two keynote presentations. The
first will be the keynote speech by Prof. Dr. Alessandro BALSAMO (the current President of CIRP) on “Coordinate
Metrology in Manufacturing,” chaired by Assoc. Prof. Dr. Tanfer YANDAYAN. The second is the keynote speech by
Prof. Dr. Yusuf ALTINTAS (The University of British Columbia) on “Digital Machining of Blades,” chaired by Prof. Dr.
ibrahim Etem SAKLAKOGLU.

There will be sponsor presentations by KALE PRATT & WHITNEY and RENISHAW between the sessions.

Later, there will be four parallel sessions with papers on Manufacturing Process Quality, Surface Engineering and
Environmental Control; Structural Mechanics, Constitutive Modeling and Fracture Analysis; Mechanisms, Machine
Components and Mechanical Performance; and a tutorial on “Digital Machining Principles and Industrial Practice,”

XV



given by Prof. Dr. Yusuf ALTINTAS from The University of British Columbia.

The first-day program will be completed by the keynote presentation of Dr. Hakan YAVAS (FluxionSystem GmbH)
on “Toward a Physics Foundation Model in Manufacturing: From Language Intelligence to Physics Intelligence,” chaired
by Assoc. Prof. Dr. Zekai Murat KILIC.

The second-day program starts with a panel entitled “Information Security in the Machinery Manufacturing
Industry,” in line with the previously mentioned topics. Our panelists are academics specializing in cybersecurity and
information security: Prof. Prof. Dr. Sefik BAHTIYAR, Prof. Dr. Kemal BICAKGI, Prof. Dr. ibrahim OZCELIK, Prof. Dr.
Alptekin KUPCU, and Prof. Dr. Mustafa ALKAN. We are addressing this subject because, in today’s world, information
assets, critical infrastructures, digital and smart manufacturing systems, supply chains, and industrial applications
have become primary targets for cyberattacks. The panel will be moderated by Ciineyt DELIKTAS.

Later, a keynote presentation will be given by Prof. Dr. Tamotsu MURAKAMI of The University of Tokyo on
“Method for Creative Machine Design,” chaired by Prof. Dr. Yoshiyuki MATSUOKA.

During the remainder of the second day, there will be four parallel sessions in three time slots through the end
of the day (12 sessions in total). Papers in the special sessions will address Monitoring Technology for Manufacturing
in Taiwan; Design of Personalized Medical Devices; Data-Driven Modeling and Al Applications in Engineering; Design
Science and Timeaxis Design; and Design and Human Interface. Three special sessions on Lifecycle Analysis of Modern
Defense Systems will be arranged by ROKETSAN. One paper session will focus on Robotics, and another local-language
session will focus on metal forming and hybrid manufacturing.

There will be sponsor presentations by ONPLUS and KAE SYSTEMS between the parallel-session slots.

The third-day program begins with a plenary session dedicated to celebrating the life and achievements of Prof.
Dr. Turgut Tiimer, who passed away in 2025. The session will be presented by Prof. Dr. Nevzat OZGUVEN and chaired
by Prof. Dr. Birol KILKIS. Next, Prof. Dr. Feza KORKUSUZ from Hacettepe University will deliver his keynote speech on
“Motion Analysis: From Basics to Al-Based Tools,” chaired by Prof. Dr. Nevzat OZGUVEN.

During the remainder of the third day, there will be four parallel sessions in three time slots through the end
of the day (10 sessions in total). The papers will address Mechanisms, Machine Components and Mechanical Per-
formance; Machining Mechanics, Composite Drilling and Cutting-Force Modeling; Digital Manufacturing and Tool
Dynamics; Industrial Machine Design, Automation and Human-Centred Manufacturing; and Al Applications and Op-
timization in Manufacturing. One additional special session will be dedicated to the memory of Prof. Dr. S. Turgut
Tumer. There will also be four sessions presented in Turkish.

Sponsor sessions featuring presentations by MEGA DANISMANLIK and BELGIN OIL will be held before the parallel-
session slots.

In summary, the scientific program brings together 99 contributions presented in special and general sessions.

We would like to express our sincere thanks to the Presidency and all members of Istanbul Technical University for
hosting UMTIK 2026 and providing its facilities. We hope all participants will feel the warm and positive atmosphere
at Istanbul Technical University.

We highly acknowledge the Honorary Chairpersons of the Conference, the presidents of the universities: Prof. Dr.
Hasan MANDAL of Istanbul Technical University and Prof. Dr. Ahmet YOZGATLIGIL of Middle East Technical University.

We would like to express our sincere appreciation to Assoc. Prof. Tarkan GURBUZ for his hard work in organizing
and moderating the first-day panel, together with panelists Prof. Dr. Hasan MANDAL, Prof. Dr. Ahmet YOZGATLIGIL,
Donald H. TAYLOR, and Suat BAYSAN. We would also like to thank our Honorary Keynote Speaker, Prof. Yusuf ALTINTAS,
and all other keynote speakers: Prof. Dr. Alessandro BALSAMO, Prof. Dr. Tamotsu MURAKAMI, Dr. Hakan YAVAS, Prof.
Dr. Feza KORKUSUZ, Dr. Andy GLEADALL, and Dr. Emel MAHMUTYAZICIOGLU.

The second panel moderator, Ciineyt DELIKTAS, and the panelists, Prof. Dr. Abdiil Halim ZAiM, Prof. Dr. Sefik
BAHTIYAR, Prof. Dr. Kemal BICAKCI, Prof. Dr. ibrahim OZCELIK, Prof. Dr. Alptekin KUPCU, and Prof. Dr. Mustafa
ALKAN, are highly acknowledged for their valuable contributions.

All chairpersons, authors, and participants are highly acknowledged for their valuable contributions. Asst. Prof.
Dr. Bahram LOTFi and Assoc. Prof. Dr. Tanfer YANDAYAN are gratefully acknowledged for the tremendous time
and effort they spent in every phase of the conference organization and in the editorial work for the Conference
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Proceedings and the Book of Abstracts.

Last but not least, we would like to thank the silver and bronze sponsors, members of the International Program
Committee, Conference Secretariat “ORIGINEMC,” Scientific Secretariat (Research Assistants Yunus Emre NEHRI and
Mehmet Furkan OZBEY), and all who contributed to the success of UMTIK 2026.

We wish all participants a highly memorable time during their stay in ISTANBUL.

The Organizing Committee
UMTIK 2026

August 19th-21st, 2026
istanbul, Tiirkiye
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Roughness in AlISI H13 Hot-Work Tool Steel (78)

Sahar Ghauori, Mohammad Shahrabifarahani, Golbarg Nikaein, Mohammad Hossein Sadeghi
SURFACE INVESTIGATION OF PLA MATERIAL USING MAGNETIC SURFACE TREATMENT SYS-
TEM (79)

iclal Tetik
PREDICTION OF TENACITY AND ELONGATION IN FILAMENT DRAWING PROCESS USING MO-
TOR MOMENT BASED MECHANICAL TRANSFORMATION (65)

Uscan Uskaner, Zeynep Parlar

(C1) SESSION ROOM 3 16:15--17:45
Structural Mechanics, Constitutive Modelling and
Fracture Analysis

Chaired by: Dr. Nevzat Bircan Bugdayci

Investigation of the Effect of Hyperelastic Material Model and Design Parameters on Gasket
Behavior Using the Finite Element Method (33)

Mustafa Doruk S6nmez, Zeynep Parlar
INVESTIGATING RESIDUAL STRESS AND STRAIN RATE EFFECTS IN COLD-FORMED SIGMA
CONVEYOR BEAMS USING FINITE ELEMENT ANALYSIS (42)

Vilaiat Alekperov, Berkay Enes Karadere, Samet Akar, Ferit Sait
EXPERIMENTAL DETERMINATION of JOHNSON-COOK PARAMETERS for COLD-DRAWN AISI
303 AUSTENITIC STAINLESS STEEL and VALIDATION via IMPACT TESTS (53)

Burak Ozcan, Umut Caligskan, Murat Aydin, Ulvi Seker
ONE-WAY FLUID-STRUCTURE INTERACTION (FSI) ANALYSIS OF A GFRP WIND TURBINE
BLADE UNDER DIFFERENT WIND VELOCITIES (69)

iclal Burcu Erciyas, Samet Akar, Ferit Sait

(D1)  SESSION ROOM 4 16:15--17:45
Additive Manufacturing

Chaired by: Prof. Dr. Ulag Yaman

Overcome “oozing” during the filament-based Melt Electrowriting process (7)

Hongli Ju, Abdalla Omar, Wajira Mirihanage, Zekai Murat Kilig
EFFECTS OF INFILL RATIOS ON THE STIFFNESS OF ADDITIVELY MANUFACTURED POLYLAC-
TIC ACID CANTILEVER BEAMS (30)

Inci Lazoglu
Structural Optimization and Performance Analysis of a Support Bracket for Additive Manufac-
turing (41)

Yasar Ustiinel, izzet Ozcan, Ferit Sait, Samet Akar
DESIGN, ANALYSIS, AND FABRICATION OF A MAGNETIC DRUG DELIVERY SYSTEM FOR
LUNG CANCER (80)

Kibra Ozer
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(16)

KEYNOTE SPEECH

Toward a Physics Foundation Model in Manufac-
turing: From Language Intelligence to Physics In-
telligence

ROOM 1 18:00--18:45

Chaired by: Assoc. Prof. Dr. Zekai Murat Kilig

Xxviii
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(17) PLENARY SESSION -- PANEL ROOM 1 09:00--10:30
INFORMATION SECURITY IN THE MACHIN-
ERY MANUFACTURING INDUSTRY

Moderator: Ciineyt Deliktag

Panelists: Prof. Dr. Sefik Bahtiyar, Prof. Dr. Kemal Bigakgl, Prof. Dr. ibrahim Ozgelik, Prof. Dr.
Alptekin Kiip¢l and Prof. Dr. Mustafa Alkan

(18) KEYNOTE SPEECH ROOM 1 11:00--11:45
Method for Creative Machine Design

Chaired by: Prof. Dr. Yoshiyuki Matsuoka
Keynote Speaker: Prof. Dr. Tamotsu Murakami

(19) SPONSORS SESSION ROOM 1 11:45--12:00
ONPLUS

(A2) SPECIAL SESSION ROOM 3 13:30--15:00
Monitoring Technology for Manufacturing in Tai-
wan

Chaired by: Prof. Dr. Ming-Chyuan Lu and Dr. Chung-Yu (Harkat) Tai
Physics-Condition-Gated Domain Adaptation for Robust Tool Wear Monitoring Under Varying
Cutting Conditions Using Built-in Torque Signals (5)
Dong-Ru Zhan, Meng-Shiun Tsai, Yu-Sheng Lin, Jian-Ping Jhuang, Ting-Hua Zhang, Chien-Kuan
Liu, Jai-Hong Jian, Yu-Wei Chiang
Wavefront-Dependent Femtosecond Laser Processing of Battery Anodes Enabled by a Novel
Phase-Controlled Optical Setup (8)
Shuchen Zuo, Yu Wang, Olivier Allegre, Richard Fields
Tool Wear Classification in Milling Using Microphone Array-Based Beamforming and Machine
Learning under Angular Installation Variations (13)
Kuan-Ming Li, Che-Wei Chang
Study of Lubrication Condition Monitoring for the Ball Screw System in a Machine Tool (40)
Cheng-Hong Lin, Ming-Chyuan Lu, Chung-Yu Tai
A Physics-Informed Deep Learning Framework for Crack Risk Prediction in Aluminum Ingot
Casting Processes (58)
Kuan-Jung Chung, Zhi-Peng Wang, Chun-Ming Lin, Kuo-Feng Hsu, Yung-Wen Hung, Yao-Cheng
Lee

(B2) SPECIAL SESSION ROOM 1 13:30--15:00
Data-Driven Modeling and Al-Applications in En-
gineering

Chaired by: Prof. Dr. H. Ozgiir Unver

Al-Based Interpretation of Technical Drawings for Variant-Specific Information Provision in
Brownfield Assembly (15)

Max-Heiner Birk, Andreas Gaus, Christoph Reich, Michael Engler

MAINTENANCE SCHEDULING DECISION SUPPORT SYSTEM FOR AIRCRAFT MAINTENANCE
EQUIPMENT USING MACHINE LEARNING (23)

Nilgiin Fescioglu Unver, izem Sude Agbuga, Ayca Aslan, Cagatay Kuban, Ali Metehan Murathan,
Selin Ruhi, $evki Alper Sarioglu, Selman Emir Kog
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Physical Al for Automotive Manufacturing Quality Intelligence: An Industrial Framework and
Application Study (111)

Ozgecan Sari, Mikremin Cetinkaya, Hidayet Tung

A KALMAN FILTER-BASED VIRTUAL SENSING FRAMEWORK FOR STRUCTURAL HEALTH
MONITORING (99)

Omer Dehan Ozboz, Hakki Ozgiir Unver

(C2) SPECIAL SESSION ROOM 2 13:30--15:00
Design of Personalized Medical Devices

Chaired by: Dr. Ekaterina Smotrova-Kayali
Special Session Keynote Speaker: Dr. Andy Gleadall

MECHANICAL BEHAVIOR AND FRACTURE OF BIOCOMPATIBLE POLYMERS FOR ADDITIVE
MANUFACTURING (21)

llia Vindokurov, Mikhail Tashkinov

COMPUTATIONAL DESIGN OF POROUS METAMATERIALS WITH TAILORED MECHANICAL
PROPERTIES FOR BONE-TISSUE ENGINEERING (27)

Mikhail Tashkinov, Nataliya Elenskaya, Vera Zatonskaya, Yulia Pirogova

(D2) SPECIAL SESSION ROOM 4 13:30--15:00
Lifecycle Analysis of Modern Defense Systems

Chaired by: Dr. Yagiz Kayali
Special Session Keynote Speaker: Dr. Emel Mahmutyazicioglu
Application of Piezo Mechanism for Seeker (107)
Alican Bayram, Dodan Ugur Sakarya
Load-Dependent Model Reduction for Missile Modal Analysis (102)
Firat Erturk, Ekin Oktay, Muhammed Faruk Pala

(A3) SPECIAL SESSION ROOM 3 15:30--17:00
Design Science and Timeaxis Design
Chaired by: Prof. Dr. Yoshiyuki Matsuoka, Assoc. Prof. Takeo Kato and Prof. Dr. Akinari Hirao
Effect of Unit Cell Size on Pressure Distribution of 3D-Printed Gyroid Foam for Sitting Comfort
(25)

Minh Tien Nguyen, Akinari Hirao
ANALYSIS OF THE IMPRESSION STRUCTURE OF TYRE TREAD DESIGN (43)

Ikki Koda, Takeo Kato, Manabu Kikuchi, Katsuma Kitamura, Chiho Semba, Kenta Nishimura, Keita

Ishii, Teppei Mori, Yukihiro Kiwaki
ANALYSIS OF BRAIN ACTIVITY DURING SKETCH-BASED IDEA TRANSFORMATION (44)

Mimi Kawano, Kentaro Maeta, Takeo Kato, Kazutaka Ueda, Koji Koizumi, Hideyoshi Yanagisawa
DETECTING PHYSICAL FATIGUE AND DROWSINESS DURING LONG-TERM TRUCK DRIVING
USING CENTER OF PRESSURE DYNAMICS (54)

Akinari Hirao, Kai Suzuki
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(B3) SPECIAL SESSION ROOM 1 15:30--17:00
Data-Driven Modeling and Al-Applications in En-
gineering

Chaired by: Prof. Dr. H. Ozgiir Unver

STRUCTURAL DESIGN OPTIMIZATION OF THE HYBRID COMPOSITE BATTERY ENCLOSURE
OF AN ELECTRIC VEHICLE (45)

Nedim Igten
SENSORLESS FORCE ESTIMATION IN ROTARY SWAGING OF AISI 4140 STEEL PIPES USING
MACHINE LEARNING (47)

Ahmet Sayil, Emirhan Akiziim, Hasan Gakir, Mustafa Bakkal
Deep Learning-Based Design of 2D Metamaterials with Negative Poisson’s Ratio (93)

Ata Umut Sahin, Cihan Tekoglu

(C3) SPECIAL SESSION ROOM 2 15:30--17:00
Design of Personalized Medical Devices

Chaired by: Dr. Ekaterina Smotrova-Kayali

DESIGN OF A TOGGLE ASSISTED SPRING MECHANISM FOR ENHANCED GRASPING IN A
SINGLE-DOF PROSTHETIC HAND (36)

Emre Ulusoy, Erhan ilhan Konukseven

NUMERICAL ANALYSIS OF THERMOMECHANICAL BEHAVIOR OF AUXETIC RING-SHAPED
LATTICES (56)

Anastasia Tarasova
MECHANICAL DESIGN OF HYDRAULIC MONOCENTRIC MICROPROCESSOR-CONTROLLED
KNEE JOINT (72)

Muhammet Mustafa Er

(D3) SPECIAL SESSION ROOM 4 15:30--17:00
Lifecycle Analysis of Modern Defense Systems

Chaired by: Dr. Ahmet Aydogan
ComWo: Automated Pre-Processing for Composite Overwrapped Pressure Vessels (103)
Ahmet Catalkaya, Ekin Oktay, Ugur Glilmez, Ayse Usta Yayla, Harun Levent Sahin, Berkay Kochan

SU2-NEMO KULLANILARAK TERMOKIMYASAL DENGESIZLIK IGEREN HIPERSONIK AKIS
SIMULASYONLARININ DOGRULANMASI VE UYGULANMASI (117)

Arda Doganci

RAPID GENERATION OF A HIGH-SPEED AERODYNAMIC DATABASE USING IN-HOUSE AND
COMMERCIAL TOOLS (118)

Cumhur Dikmen, Yagiz Ataberk Eristi, Sileyman Semih Altintag

Production of Lightweight Structural Components by Wire Arc Additive Manufacturing/TEL
BESLEMELI EKLEMELI IMALAT ILE HAFIF YAPISAL BILESENLERIN URETIMI (98)

Tansu Goynik, Gokhan Can, Murat Yiicel, Oguzcan Dedeci
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(110) SPONSORS SESSION ROOM 1 17:30--17:45
KAE SYSTEMS
(A4)  SPECIAL SESSION ROOM 3 17:45--19:15

Design and Human Interface
Chaired by: Prof. Dr. Tetsuro Ogi and Assistant Prof. Kei Matsuoka
DEVELOPMENT OF AUGMENTED HAND SHADOW ART SYSTEM (14)
Hideo Miyachi
An Approach to Mental-image Based Cognition for Intuitive Human-Robot Interaction --- Focus-
ing on Human Ability of Problem Finding and Solving --- (24)
Masao Yokota, Rojanee Khummongkol

Generation of 3D models of historical Japanese castle town for virtual production use (34)
Towa Sakurai, Takahiro Yakoh

Development and Evaluation of a Barrier-Free Tourism Support System Using AloT Avatars (39)
Yuki Kida, Hiroko Inokuma, Takahiro Yakoh, Tetsuro Ogi

(B4) SESSION ROOM 2 17:45--19:15
Robotics

Chaired by: Prof. Dr. Erhan ilhan Konukseven

DINOV2-BASED FEW-SHOT ANOMALY DETECTION FOR MANUFACTURING QUALITY INSPEC-
TION: A COMPARATIVE STUDY OF FOUNDATION VISION MODELS (37)

Meliksah Besir, Anmet Alkan, Erhan ilhan Konukseven
Development of Model Predictive Controlled 12-DoF Bipedal Robot (110)
Hakki Ozgiir Unver, Bahram Lotfi, Giray Eser, Ozan Ecevit

HYBRID AGENTIC ROBOTICS FOR MANIPULATION TASKS: COMBINING VISION-LANGUAGE-
ACTION MODELS, GENERATIVE POLICIES, AND KNOWLEDGE REPRESENTATION (125)
Sarper Glrbiiz
HIGH-SPEED AND ENERGY-OPTIMIZED ROBOTIC PALLET STACKING MACHINE FOR IM-
PROVED LOGISTICS EFFICIENCY IN PRODUCTION LINES (55)
Metin Candan, Gékhan Mengiitay, Erdogan Turkoglu, Mustafa Bakkal

(C4) SESSION (TURKGE) ROOM 1 17:45--19:15
Malzeme Sekillendirme, Kompozitler ve Hibrit
Imalat

Chaired by: Dr. Hakan Kalkan

WASPALOY SUPERALASIMININ DOVULEBILIRLIGI VE TERMO-MEKANIK DAVRANISI UZERINE
DENEYSEL BIR GALISMA (6)

Ceren Tagyildiz, Canan Gamze Glileryiiz Parasiz, Turgut Gilmez

Cam Elyaf Takviyeli PARA Malzemeden Uretilen Pargada Ring Yolluk Tasariminin Akis Davranigi
ve Garpilma Uzerindeki Etkisinin Arastiriimasi (76)

Murat Kaya, Samet Turkileri

HIBRIT IMALAT YONTEMLERI UZERINE NOTLAR (87)
Orhan Gakir, Tugge isgﬂzar, Necdet Yakut, Mohammad Zaher Akkad
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Atmosferik Basingli Soguk Plazma Uygulamasinin CFRP Kompozitin Yiizey Islanabilirligine ve
Yapistirma Baglantilarina Etkisinin incelenmesi (91)

Yunus Emre Nehri, Tlrker Turkoglu, Ali Oral, Kadir Cavdar

(D4)  SPECIAL SESSION (TURKGE) ROOM 4 17:45--19:15
Lifecycle Analysis of Modern Defense Systems

Chaired by: Dr. Yagiz Kayali

Manuscript title to be announced (UD)

Mertcan Baskan
Industrial Al Applications for Production and Quality Assurance in High-Reliability Manufactur-
ing (106)

Mehmet Can Baytekin, Beyzanur Zeybek
Al-Enabled Decision Support Across the Lifecycle of Modern Defense Systems: Domain-
Specific Applications and Adoption Challenges (109)

Huseyin Avni Yasar, Abdurrahman Dogru
Modern Savunma Sistemlerinin Tasarim Dogrulama Siirecleri (101)

Senem Gucuyener
DEVELOPING INTEGRATION TEST INFRASTRUCTURE APPROACHES IN EVOLVING DEFENSE
INDUSTRY STANDARDS (100)

Serkan Oztiirk
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(111)  PLENARY SESSION ROOM 1 09:00--09:45
Celebration of the life and achievements of Prof.
Dr. Turgut Tiimer

Chaired by: Prof. Dr. Birol Kilkig
Speaker: Prof. Dr. Nevzat Ozgiiven

(12) KEYNOTE SPEECH ROOM 1 09:45--10:30
Motion Analysis: From Basics to Al-Based Tools

Chaired by: Prof. Dr. Nevzat Ozgiiven
Keynote Speaker: Prof. Dr. Feza Korkusuz

(13) SPONSORS SESSION ROOM 1 11:00--11:15
MEGA DANISMANLIK

(A5)  SPECIAL SESSION ROOM 1 11:15--12:45
In Memory of Prof. Dr. S. Turgut Tiimer

Chaired by: Prof. Dr. Nevzat Ozgiiven

Effect of IMU Mounting Location on Vibration Behavior in Fixed-Wing UAV Fuselages: Modal
and Harmonic Analysis (49)

Semih Nazlgul, Alp Baykut, Hasan Cakir, Mustafa Bakkal
EFFECT OF Y203 CONTENT ON THE COMPRESSIVE AND HARDNESS BEHAVIOUR OF AZ91
MAGNESIUM MATRIX COMPOSITES FABRICATED BY POWDER METALLURGY (60)
Mert iIbeyIi, Turker Turkoglu, Sare Celik
INVESTIGATION OF 3-D PRINTING POTENTIAL OF BIO-INSPIRED COLD PLATES FOR ELEC-
TRIC VEHICLE BATTERY THERMAL MANAGEMENT (74)
Fatih Furkan Bekdz, Yusuf Ata Ertiirk, Tuba Okutucu-Ozyurt
ENERGY SAVING METHODOLOGIES, OPPORTUNITIES, AND TRENDS IN THE TURKISH THER-
MAL POWER PLANTS (77)
Birol Kilkis
Improved Gait Data Evaluation Using Normal Bands and Autocorrelation Analysis (124)
Behzat Bahadir Kentel, S. Turgut Tamer, A. Refik Gulli

(B5) SESSION ROOM 2 11:15--12:45
Mechanisms, Machine Components and Me-
chanical Performance

Chaired by: Prof. Dr. Haydar Livatyal

Design, Manufacturing, and Torsional Characterization of Machined Springs: A Comparative
Study Between Numerical Modelling and Testing (22)

Engin Metin Kaplan, Harun Kahya, Kaan Dere, Oguz Demirtas
FRICTION TORQUE LOSS IN RELATION TO FLEX THICKNESS ON ROTARY SHAFT SEALS (18)
Belig Tarik Otsay, Mustafa Cemal Gakir

INVERSE POSITION ANALYSIS OF A 4-RPR PLANAR PARALLEL ROBOT WITH CONFIGURABLE
QUADRILATERAL PLATFORM (26)

irem Ekici, Mustafa Ozdemir
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INTEGRATION OF MULTIPLE FOUR-BAR MECHANISM SYSTEMS: GUI IMPLEMENTATION AND
CALCULATIONS (96)

Mustafa Can, Alpay Bilgi¢, Onur Kendigel

(C5) SESSION ROOM 3 11:15--12:45
Machining Mechanics, Composite Drilling and
Cutting-Force Modelling

Chaired by: Prof. Dr. Ulvi Seker

INTEGRATING PRESSURE-DEPENDENCY INTO STRAIN-SOFTENING CONSTITUTIVE MODELS
FOR FINITE ELEMENT SIMULATION OF SERRATED CHIP FORMATION IN Ti-6Al-4V (64)

Okan Yilmaz, Murat Blyiik, Ramazan Hakki Namlu
Cutting force modelling based on local tool angles and primary and secondary edge micro-
geometry: application to threading (67)

Irati Malkorra Sarasola, Raphael Lorain
CHEMICAL ETCHANTS IN PCB MANUFACTURING AND WASTE MANAGEMENT OF USED
ETCHANTS — SURVEY CASE IN TURKIYE (82)

Orhan Gakir, Ahmet Ertlim, Cansu Déner, Beyza Nur Kilig, Edanur Hirgin, Mehmet Bugra Filiz,
Umut Ozgiin Ozdemir

EXPLORATORY MILLING OF MUONIONALUSTA IRON METEORITE USING CrN-, AITiN-, AND
TiAIN-COATED SOLID-CARBIDE END MILLS: PRELIMINARY CUTTING-FORCE ANALYSIS (83)

Nevzat Bircan Bugdayci, Hasan Sinan Bank

(D5) SESSION (TURKGE) ROOM 4 11:15--12:45
Savunma ve Enerji Sistemlerinde Yapisal
Tasarnim ve Analiz

Chaired by: Prof. Dr. Mustafa Bakkal
ADR34 Gerekliliklerine Gore Farkh Tel Tasarimlan igin Ust Baglanti Bolgesinin Yapisal Analizi
(31
Esra Yalginsoy

SAVAS GEMILERINDE PATLAMA YUKLERI ALTINDA DONER TABLA RULMANLARININ KARSI-
LASTIRMALI DAYANIM VE OMUR ANALIZi (68)

Alperen Giizel, Yavuz Kayihan, Mete Kayihan

KODLANMIS METAYUZEY YONTEMIYLE RADAR KESIT ALANI (RSC) AZALTMA VE ANALIZI (73)
Khangul Abdullayeva, Yavuz Kayihan, Mete Kayihan

Piyade Tiifekleri igin Kolay Degistirilebilen Bir Kompakt Teleskobik Dipgik Gelistirilmesi (88)
Gulten Gokdemir, Sukran Katmer, Serhat Dazkir, Ulvi Seker

RUZGAR TURBINi KULESINDE KARBON FIiBER TAKVIYESIYLE YAPISAL OZELLIKLERIN iY-
ILESTIRILMESI (105)
Lutfi Colak, Can Tunger, Ali Oral, Yunus Emre Nehri

XXXV



AUGUST 21, 2026 (FRIDAY)

(114) SPONSORS SESSION ROOM 1 14:15--14:30
BELGIN OIL
(A6) SESSION ROOM 1 14:30--15:45

Digital Manufacturing, Tool Dynamics

Chaired by: Dr. Bahram Lotfi

AN EXTENSIBLE PARAMETRIC FRAMEWORK FOR GEOMETRY-ADAPTIVE CNC TOOLPATH
GENERATION AND SIMULATION IN MULTI-ISLAND MILLING CAVITIES (84)

Yunus Kiziltepe, Ulas Yaman
MOLD-FREE INSPECTION OF CURVED SHEET-METAL WITH VISION ALIGNMENT (86)
Faraz Kaya, Alperen Aydin, Eren Karatas, Baran Can Ayvazoglu

IMPROVING TOOL TIP RESPONSE BY INTEGRATING TMD COMBINED WITH CLD INSIDE A
MILLING TOOL (90)

H. Elif Tola Demirel, Zekai Murat Kilig
PDMS-BASED SURFACE REPLICATION FOR MICRO END MILL WEAR EVALUATION (108)
Ahmed Abotoor, Mohamed Hassan, Paulo Jds Bartolo, Zekai Murat Kilig

(B6) SESSION ROOM 2 14:30--15:45
Industrial Machine Design, Automation, and
Human-Centred Manufacturing

Chaired by: Prof. Dr. Mustafa Cemal Gakir
DEVELOPMENT OF A PROCESS-CONTROLLED CALENDERING MACHINE (16)

M. Cagri Ozkader, Baris Cetin, Oncii Akyildiz
DESIGN, KINEMATIC ANALYSIS, AND PERFORMANCE EVALUATION OF A BIOCLIMATIC PER-
GOLA SYSTEM WITH A SINGLE-ACTUATOR SYNCHRONIZED LOUVER MECHANISM (10)

Batuhan Aytar, Cafer Babacan
ENERGY-EFFICIENT HIGH-SPEED MOVING JAW DESIGN FOR CONTINUOUS-MOTION VERTI-
CAL PACKAGING MACHINES AND ADAMS-BASED DYNAMIC VALIDATION (46)

Emre Girsoy, Gokhan Mengiitay, Yusuf Mert Doluyurt, Erdogan Tirkoglu, Mustafa Bakkal
DESIGN AND THERMAL PERFORMANCE EVALUATION OF A STONE WOOL INSULATION
COVER FOR A PVC WELDING MACHINE HEATING PLATE (51)

Yusuf Burak Agak, Ramazan Akar, Hiseyin Cildir, Mustafa Bakkal
ADDITIVE MANUFACTURING APPLICATIONS IN MEDIUM VOLTAGE SWITCHGEAR: DESIGN,
ANALYSIS, VALIDATION, AND FUTURE CHALLENGES (32)

Ali Togay, Utkarsh Kumar, Engin Goksu, Salih Akanda Ozbek, Anil Tatkan, Enes Agikgdz, Ozhan
Aladag, Hidir Diizkaya, Muslum Cengiz Taplamacioglu

(C6) SESSION (TURKGE) ROOM 3 14:30--15:45
Eniyileme

Chaired by: Prof. Dr. Orhan Gakir

DAIRE TESTEREJLE KESMEDE YAGLAMA KOSULLARI VE KESME PARAMETRELERININ
KESME SICAKLIGI VE YUZEY KALITESI AGISINDAN OPTIMiZASYONU (19)

Yunus Emre Kinaci, Mahmut Berkan Alisinoglu, Omer Fidan, Ebru Erdogan, Kiibra Kavut, Mehmet
Alper Sofuoglu
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CFRP/Ti HIBRIT iSTIF KOMPOZITLERIN DELIK DELME iSLEMININ INCELENMESI (28)
Mete Kayihan

ENDUSTRIYEL ASENKRON MOTORLARDA FiZIiGE DAYALI YARI-DENETIMLi ANOMALI TESPITi
(122)

Haydar Livatyali, Cigdem Sargut

Karton Tiiketimini Azaltan Gevreci ve Yenilik¢i Bir Otomatik Kolileme Makinesinin Tasarimi (113)
Gokhan Mengttay, Yusuf Mert Doluyurt, Erdogan Turkoglu, Mustafa Bakkal

(D6) SESSION ROOM 4 14:30--15:45
Al Applications and Optimization in Manufactur-
ing

Chaired by: Assoc. Prof. Tarkan Giirbiiz

Al-Driven Parametric Optimization of CNC Workholding Systems via Surrogate Modeling and
Customer-Specific Performance Indexing (48)

Alper Aydin, Eslem Tarcan, Yusuf Ozkan, Mustafa Bakkal
Optimizing Compute Time and Material Yield in Cutting Optimization: A Hybrid Solution Archi-
tecture with Column Generation and Heuristic Algorithms (52)

Ihsan Mahmutoglu, Emine Aysu Sen, Utku Cetinkus, Mustafa Bakkal
A MATHEMATICAL OPTIMIZATION APPROACH FOR MULTI-STAGE INDUSTRIAL PRINTING
SCHEDULING WITH WAITING TIMES, BLOCKING, AND MAINTENANCE (123)

Osman Firat Ede, Elif Zeynep Serper, Behzat Bahadir Kentel

INVESTIGATION OF THE EFFECT OF THRESHOLDING AND ILLUMINATION TYPES REGARDING
DIGITAL IMAGE PROCESSING BASED ASSESMENT OF ASTM D3359 TEST RESULTS (120)

Baris Cetin, Leyla Korkmaz, Ege Uzun

(A7) SESSION (TURKGE) ROOM 1 16:15--17:45
Makine, Mekanizma ve Robotik Sistem Tasarimi

Chaired by: Prof. Dr. Ali Oral
SAC ISLEME MAKINELERI iCIN TAM OTOMATIK DONDURME SISTEMIi (3)
Emre Akagiindiiz
TEK MOTOR TAHRIKLI ZINCIR AKTARMA MEKANIZMASINA SAHIP DIKEY KATLANABILIR,

UYARLANABILIR HAREKETLi CEPHE SiSTEMINiN TASARIMI, KINEMATIK ANALiZi VE PRO-
TOTIP UYGULAMASI (9)

Cafer Babacan, Batuhan Aytar

Hyperloop Sistemleri igin Halbach Dizilimli Levitasyon Disklerinin Agi ve Mesafeye Bagh itkisini
Olgen Test Cihazi (114)

Ahmet Yilmaz, Omer Bayraktar, Ulvi Seker

Scara Robot Tabanli Frezeleme Sisteminin Tasarimi ve Gelistirilmesi (115)
Sila Betl Kirzuk, Furkan Durmaz, Osman Atsan, Kerem Yagiz Karakas, Yunus Emre Nebhri, Ali Oral
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(B7) SESSION (TURKGE) ROOM 2 16:15--17:45
Talagli Imalat, Kesme Dinamigi ve Yiizey Kalitesi

Chaired by: Dr. Ramazan Hakki Namlu

ENDUSTRIYEL DAIRE TESTERE KESIMINDE AGIKLANABILIR YAPAY ZEKA ILE TIRLAMA
KARAKTERIZASYONU VE TESPITI (12)

Rodi Géze, Yunus Emre Kinacli, Furkan Aydin, Mahmut Berkan Alisinoglu, Mehmet Alper Sofuoglu

DAIRE TESTERE ILE KESMEDE TIRLAMA TITRESIMLERININ FFT TABANLI SPEKTRAL ANALIZ
ILE ARASTIRILMASI (17)

Yunus Emre Kinaci, Furkan Aydin, Mahmut Berkan Alisinoglu, Mehmet Alper Sofuoglu

islenmis Yiizeylerde Yiizey Biitiinliigiinii lyilestirmek igin Diigiik Maliyetli Bilyalhh Ezme Aparati
Gelistirilmesi ve Test Edilmesi (112)
Fatih Karakas, Sukran Katmer, Ulvi Seker
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KEYNOTE PAPERS






No. | Title Keynote
2 Coordinate Metrology in Manufacturing Prof. Dr. Alessandro Balsamo
14 Digital Machining of Blades Prof. Dr. Yusuf Altintas
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About the Speaker

Prof. Dr. Alessandro Balsamo

Dr Alessandro Balsamo is senior scientist at the INRIM
™ — the National Metrology Institute of Italy — in Turin. He is
currently President of the CIRP, the International Academy
for Production Engineering and co-chair of the Organising
Committee of the CIRP General Assembly in Turin in Au-
gust 2026.

He is Chair of the CCL-WG CM on Coordinate Metrol-
ogy, which was established in 2024 and he is tasked to
& form and start.

He is Convenor of the ISO/TC 213/WG 4 Uncertainty
and decision rule in the ISO Technical Committee Dimensional and Geometrical Prod-
uct Specifications and Verification in charge of the ISO-GPS system of standards. He
was project leader of three published international standards and one technical speci-
fication; he currently is of two future international standards. He also serves as Liaison
Officers to the CIRP and the ISO/TC 213.
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COORDINATE METROLOGY IN MANUFACTURING

Coordinate metrology is ubiquitous in manufacturing. Its appealing aspect is the
capability of adaptation to virtually any geometry to measure, as opposed to other
dimensional techniques and instruments that are task-specific. This distinctive feature
is also a major metrological issue though: measurement tasks are virtually infinite and
each is very different from all others, resulting in any new measurement to be studied
on its own as to the measurement procedure, the assurance of traceability and the
evaluation of the uncertainty.

Coordinate metrology has enjoyed an extraordinary development in the last 30
years and more and more techniques, sensors and apparatuses are available on the
market. Among them, notably the optical techniques and devices and the computer
tomography.

This talk aims to present the state of the art in coordinate metrology. This encom-
passes an overview of the principal measuring techniques, the available methods for
evaluating the uncertainty in industry, the state of the art in ISO documents on the
subject and the recent activity in the CCL (Consultative Committee for Length), the
Committee of the CIPM (International Committee on Weights and Measures) in charge
for length metrology.
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About the Speaker
Prof. Dr. Yusuf Altintas

Professor Altintas obtained his Bachelor’s degree from
Istanbul Technical University (1975), his M.Sc. from the
University of New Brunswick (1980), and his Ph.D. from
McMaster University in Canada (1987). He worked as a
machine tool manufacturing engineer in Turkey (1977-
1978), a process development engineer at Pratt & Whit-
ney Canada in Montreal (1980-1981), and the principal
engineer of the Canadian Institute of Metalworking at Mc-
Master University in Hamilton (1981-1982). He joined
The University of British Columbia and founded the Man-
ufacturing Automation Laboratory in 1986. His research
covers metal cutting, machine tool vibrations, control,
sensors and actuators for machine tools, and virtual machining. He has published 235
archival journal articles and 100 conference papers, with approximately 48,000 cita-
tions and an h-index of 112 on Google Scholar. He authored the widely used book
“Manufacturing Automation: Principles of Metal Cutting Mechanics, Machine Tool Vi-
brations and CNC Design,” first published in 2000 and followed by a second edition in
2012, as well as Chinese editions (2003 and 2017) and a Turkish edition (2017). He is
the Chief Editor of CIRP Journal of Manufacturing Science and Engineering. His research
laboratory created the advanced machining process simulation software CUTPRO, the
virtual part-machining process simulation software MACHPRO, and the open-modular
five-axis CNC system Virtual CNC. These technologies are used by more than 300 com-
panies and research centers in machining and machine tools worldwide.

Professor Altintas is a fellow or member of the Royal Society of Canada, the National
Academy of Engineering (USA), CIRP, ASME, SME, ACATECH (Germany), the European
Academy of Engineering, CAE, EC, Tokyo University, P&RWC, AvH, and ISNM. His honors
include Pratt & Whitney Canada’s University Partnership Award (1997), APEG BC’s Mer-
itorious Achievement Award (2002), APEG BC’s R.H. McLachlan Award (2010), the UBC
Killam Engineering Teaching Prize (2011), the Engineers Canada Gold Medal (2011), the
SME Albert M. Sargent Progress Award (2012), the NSERC Synergy Award, the ASME
Blackall Machine Tool and Gage Best Journal Paper Award, the Republic of Turkey’s Spe-
cial Scientific Award in Science and Engineering (2013), the Georg Schlesinger Produc-
tion Engineering Award (Berlin, 2016), and the ASME William T. Ennor Manufacturing
Technology Award (USA, 2016). He holds honorary doctorate degrees from Stuttgart
University (2009) and Budapest University of Technology (2013). He served as Pres-
ident of CIRP, the International Academy for Production Engineering, in 2016—-2017.
Since 2017, he has held the title of Distinguished University Scholar at The University
of British Columbia and has been appointed an Officer of the Order of Canada, the
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country’s second-highest honor. He is the founding coordinator of the Mechatronics
Option and a co-founder of UBC’s Manufacturing Engineering degree program.

He directed the NSERC CANRIMT Machining Research Network across Canada from
2010 to 2023 and held the NSERC-P&WC-Sandvik Coromant Industrial Research Chair
Professorship from 2002 to 2025 to develop next-generation Digital Machining Twin
Technology. He is also the founding president of MAL Manufacturing Automation Lab.
Inc., which develops virtual machining technology for industry.
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DIGITAL MACHINING OF BLADES

Our laboratory has been conducting research to model five-axis milling of highly
flexible gas turbine blades for almost four decades. Integral bladed rotors, turbine
blades, and compressor blades are machined from difficult-to-cut titanium and nickel
alloys. Highly flexible blades experience chatter, severe forced vibrations, and static
deflections during ball-end milling. Unless chatter is avoided and deflection marks are
kept within the tolerances, the costly blades are scrapped. Trial-and-error-based tests
are too costly; consequently, experience-based process plans lead to long cycle times
or scrap. The physics of the process must therefore be modeled to conduct digital cut-
ting tests and plan optimal tool paths that minimize machining time without damaging
the part or cutting tools.

Thin-walled blades are modeled using shell elements at the “camber,” the mid-
surface between the pressure and suction surfaces of the airfoil. The frequency re-
sponse function (FRF) of the blade is predicted using a computationally efficient per-
turbation technique as the metal is removed. Chatter-free radial depth and axial step
depth are optimally predicted for rough and finish machining of the blade using a “wa-
terfall” machining approach. Once the tool path is generated, five-axis machining of
the blade is simulated to predict chatter occurrence and frequency, surface location
errors left on the blade due to tool and blade deflections, and forced-vibration ampli-
tudes caused by cutting loads.

The algorithms have been experimentally proven in machining standard turbine
blades and are currently being packaged for industrial use.
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About the Speaker
Dr. Hakan Yavas

Dr. Hakan Yavas is a scientist and senior executive who
has undertaken numerous important international stud-
ies in the fields of aerospace and materials science and
has made significant contributions to the development
of many technologies in materials engineering and digi-
tal transformation. Having completed his PhD in Materials
Science and Engineering at lowa State University — during
which he served as a researcher at Ames National Labo-
ratory, the University of California Santa Barbara, and Los
Alamos National Laboratory —and conducted postdoctoral
research at Johns Hopkins University, Department of Me-
chanical Engineering, and served as Research Professor at CVUT v Praze, Dr. Yavas has
been awarded many prestigious international awards for his academic work. Through-
out his career, he has served as a PI/Co-Pl on various projects based in the US, Europe,
and Turkey; and has successfully managed projects supported by reputable institutions
such as the European Union Horizon 2020, TUBITAK, and the US Department of Energy.
Currently, Dr. Yavas is the Chief Science Officer at FluxionSystem GmbH, based in Ger-
many, and continues his work on the integration of artificial intelligence-based manu-
facturing technologies into industrial processes. He previously served as the Develop-
ment and Sustainability Unit Manager at Lilium GmbH, and as the Research and Tech-
nology Centers Manager and Additive Manufacturing Manager at Turkish Aerospace
Industries (TUSAS). The owner of over 40 internationally recognized patents and scien-
tific publications, Dr. Yavas has won many prestigious awards, including the Interna-
tional ISIF Gold Medal, the Materials Research Society (MRS) Graduate Award, and the
lowa State University Research Excellence Award.
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TOWARD A PHYSICS FOUNDATION MODEL IN MANUFACTURING: FROM
LANGUAGE INTELLIGENCE TO PHYSICS INTELLIGENCE

The rapid advancement of artificial intelligence has demonstrated that machines
can develop remarkable forms of domain-specific intelligence from natural language
understanding to visual perception. Yet in manufacturing, Al remains predominantly
limited to data-driven pattern recognition, falling short of capturing the complex physi-
cal phenomena that govern real-world production processes. This raises a fundamental
question: can Al develop a genuine form of physics intelligence for manufacturing?

This keynote introduces the concept of the Physics Foundation Model (PFM) — a
new frontier in which Al transcends data-driven pattern recognition to develop a gen-
uine physics intelligence for manufacturing. While current industrial Al applications re-
main largely confined to statistical correlations within narrow domains, the PFM vision
proposes a fundamentally different approach: an intelligent architecture that bridges
the gap between data-driven machine learning and the underlying physics of manu-
facturing processes. By unifying synthetic data generation, adaptive process modeling,
real-time edge intelligence, and physics-based simulation within a coherent orchestra-
tion framework, this architecture enables Al to move beyond curve fitting toward a
deeper representation of physical phenomena across multiple domains.

Drawing on real-world implementations in advanced manufacturing including pro-
cess parameter optimization and predictive quality systems —the presentation demon-
strates how this integrated approach enables pre-production quality prediction and
environment-adaptive process control. Beyond incremental improvements, the talk
outlines a roadmap toward Al systems that do not merely model physics but discover
it. Charting the path from language intelligence to physics intelligence as a founda-
tional element of Industry 5.0.
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About the Speaker
Prof. Dr. Tamotsu Murakami

Tamotsu Murakami is a Professor of Design Engineer-
ing Laboratory in Department of Mechanical Engineering
at the University of Tokyo. He received his Bachelor of En-
gineering, Master of Engineering and Doctor of Engineer-
ing from the University of Tokyo in 1984, 1986 and 1989,
respectively. His interests in research and education in-
clude design engineering from the viewpoints of “design
by human” and “design for human”. He is a member of
ASME and Fellow of JSME (Japan Society of Mechanical
Engineers). He was the Chair of Design & Systems Divi-
sion, JSME in 2005. He has been a jury member of Good Design Award, JDP (Japan
Institute of Design Promotion) since 2009 and the Vice President of JSDE (Japan Soci-
ety for Design Engineering) since 2017.
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METHOD FOR CREATIVE MACHINE DESIGN

The ideation for creative machine design are complex thought processes that com-
bine the conscious and unconscious, logic and intuition. Traditionally, methods for cre-
ative thought have been based on empirical rules, but in recent years, research in var-
ious fields, including design engineering, psychology, and cognitive neuroscience, has
gradually shed light on the content of the thought process known as ideation. Based on
a survey of these fields, this talk will introduce methods for creative machine design,
presenting design examples.
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About the Speaker

Prof. Dr. Feza Korkusuz

Feza Korkusuz MD (Scholar) (Avesis) attended medical
specialization in Orthopedic Surgery and Traumatology at
Gazi University Medical Faculty, Department of Orthope-
dic Surgery and Traumatology between 1987 and 1992, af-
ter graduating from Ankara University Medical Faculty in
1986. Between 1989 and 1990 he studied in Osaka Uni-
versity Faculty of Medicine, Department of Orthopaedic
Surgery from where he graduated with a postgraduate
diploma. His clinical and research studies focused on
Spine Surgery, Sports Medicine and Basic Sciences. Dr.
Korkusuz worked at the Middle East Technical University
(METU) as an orthopedic surgeon and Medical Director at the Medical Center, and at
the Department of Physical Education and Sports as the Head of the Department until
2013. In 1994 and in 2001 he became Associate Professor and Professor. In 1999 and
2000, he received the METU Prof. Dr. N. Parlar Foundation young investigator and the
Scientific and Technological Research Council of Turkey (TUBITAK) Promotion Award in
Medical Sciences.

Between 1991 and 2016, he was a member to the Orthopaedic Research Society.
In 2008 he became an active member of the Association of Bone and Joint Surgeons
(ABJS), and since 2006 he has been the corresponding and deputy editor of Clinical Or-
thopaedics and Related Research (CORR). In 2017, he became an active member to the
Turkish Academy of Science (TUBA). He was the Advisor to the President of TUBITAK
between 2018 and 2021. He currently is the Chairman of the Department of Hacettepe
University Medical Faculty, Department of Sports Medicine. His current research inter-
ests are motion analysis, multi-omics, novel biosensors for osteoarthritis diagnosis and
new therapeutics delivery using micro-needles.
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MOTION ANALYSIS: FROM BASICS TO AI-BASED TOOLS

Human motion analysis has become an essential component of modern muscu-
loskeletal medicine, rehabilitation, sports sciences, orthopedics and performance re-
search. Movement reflects the integrated function of the musculoskeletal and neuro-
muscular systems, and abnormalities in movement patterns frequently precede struc-
tural deterioration, pain, or measurable functional decline.

Historically, movement assessment relied predominantly on observational exam-
ination performed by clinicians and therapists. Although experienced observers can
identify major biomechanical abnormalities, traditional observational methods are in-
herently subjective and limited by interobserver variability, inconsistency, and inability
to quantify subtle movement alterations.

Advances in biomechanics, computer vision, wearable technologies, and artificial
intelligence have substantially transformed the field of motion analysis. Conventional
laboratory-based motion capture systems provide highly accurate kinematic and kinetic
measurements, but their routine implementation in outpatient clinics and large-scale
real-world monitoring has remained limited.

Recent developments in Al-based computer vision technologies have enabled
markerless motion analysis systems. These systems use standard video recordings
combined with deep learning algorithms to detect body landmarks, reconstruct human
movement, and generate quantitative biomechanical data without reflective markers
or wearable sensors.

One important development in this area is the MAI Motion platform, an Al-
based markerless motion analysis system capable of three-dimensional movement as-
sessment using standard video recordings. The system evaluates movement quality
through the C.R.A.FT. framework: Control, Repetition, Asymmetry, Flow, and Rota-
tional Dynamics.

Recent studies demonstrate the clinical applicability of Al-assisted markerless mo-
tion analysis in patients with knee osteoarthritis. Serial movement assessments follow-
ing orthobiologic interventions showed progressive improvements in overall C.R.A.F.T.
scores across treatment groups over time.

The integration of Al into motion analysis extends beyond kinematic measurement
to automated pattern recognition, predictive analytics, longitudinal monitoring, and
individualized performance profiling. As these technologies continue to evolve, they
may reshape rehabilitation, orthopedics, sports medicine, and human performance sci-
ences.
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PHYSICS-CONDITION-GATED DOMAIN ADAPTATION FOR ROBUST TOOL WEAR
MONITORING UNDER VARYING CUTTING CONDITIONS USING BUILT-IN TORQUE SIGNALS
(©)

Dong-Ru Zhan, r13522710@ntu.edu.tw, National Taiwan University

Meng-Shiun Tsai, imetsainccu@gmail.com, National Taiwan University

Yu-Sheng Lin, d08522001@ntu.edu.tw, National Taiwan University

Jian-Ping Jhuang, jack199656 @gmail.com, National Taiwan University

Ting-Hua Zhang, br812125@gmail.com, National Taiwan University

Chien-Kuan Liu, d10522007 @ntu.edu.tw, National Taiwan University

Jai-Hong Jian, ilovesks37@gmail.com, National Taiwan University

Yu-Wei Chiang, e11220@mail.pmc.org.tw, Precision Machinery Research Development Center

ABSTRACT

Cross-condition generalization remains challenging in tool wear prediction for smart manufacturing. Al-
though spindle current is a low-cost alternative to external sensors, variations in cutting conditions (e.g.,
spindle speed and feed rate) cause shifts in signal distributions. Without physical constraints, these shifts
can lead to divergence and negative transfer in data-driven models, reducing predictive performance under
unseen conditions. To address this issue, this study proposes a physics-informed deep learning framework
that combines tool engagement-based signal decoupling with a dual-stream neural network. Built on a 1D
Temporal Convolutional Network (1D-TCN), it uses the immersion ratio per tooth as a physical prior to sep-
arate torque signals into active cutting and air-cutting (machine noise) segments.Furthermore, a Physical
Condition Gating mechanism maps cutting cycles and cumulative energy into dynamic attention weights.
This enables adaptive feature calibration during fusion, facilitating the autonomous learning and decoupling
of non-linear background noise. To evaluate the proposed approach, experiments were conducted across
ten distinct cutting conditions, encompassing variations in spindle speed, feed rate, depth of cut, width of
cut, and climb/conventional milling. The dataset was partitioned by condition: eight conditions (24,026 sam-
ples) formed the training set, while two independent conditions served as the validation set (2,273 samples)
and the testing set (3,791 samples) for the tool wear regression task. Compared to a data-driven baseline
lacking physical guidance, the physics-informed model reduced the Root Mean Square Error (RMSE) on the
validation set from 37.40 um to 4.92 um, and on the testing set from 21.88 um to 4.56 um. These results
demonstrate that stable tool wear monitoring is achievable relying solely on built-in torque signals, thereby
reducing the reliance on expensive external sensors and manual downtime costs.

Keywords: Built-in torque signals, Physics-condition-gated domain adaptation, Varying cutting conditions
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WAVEFRONT-DEPENDENT FEMTOSECOND LASER PROCESSING OF BATTERY ANODES
ENABLED BY A NOVEL PHASE-CONTROLLED OPTICAL SETUP (8)

Shuchen Zuo, shuchen.zuo@manchester.ac.uk, University of Manchester
Yu Wang, yu.wang-4@manchester.ac.uk, University of Manchester

Olivier Allegre, olivier.allegre@manchester.ac.uk, University of Manchester
Richard Fields, richard@cellerate.co.uk, Cellerate Limited

ABSTRACT

This study presents a phase-characterised optical set-up for shaped-beam femtosecond laser process-
ing of double-sided lithium-ion battery anodes. The phase response was found to be power-independent,
with consistent phase scaling across applied powers and a 2rt phase shift completed at approximately 220-
225 grey levels (GL). The measured degree of polarisation remained high, at approximately 0.93-0.97 for
8.5, 13.3 and 21.6 mW. The generated beam profiles were in good agreement with MATLAB simulations,
confirming reliable wavefront control. Under identical processing conditions, wavefronts carrying different
orbital angular momentum (OAM) produced distinct kerf morphologies: m=0 gave a deeper cut with a taper
angle of approximately 37°, while m=1 gave a shallower groove with a steeper taper of around 53°, indicating
different Cu-layer interaction and ejecta behaviour.

Keywords: Femtosecond laser processing, Anodes enabled by, Phase-controlled optical setup
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TOOL WEAR CLASSIFICATION IN MILLING USING MICROPHONE ARRAY-BASED
BEAMFORMING AND MACHINE LEARNING UNDER ANGULAR INSTALLATION VARIATIONS
(13)

Kuan-Ming Li, kmli@ntu.edu.tw, National Taiwan University
Che-Wei Chang, r12522707@ntu.edu.tw, National Taiwan University

ABSTRACT

Compared with other non-contact sensing approaches, microphone arrays offer greater flexibility in
installation and adjustment for industrial applications. However, previous studies have typically required
precise and time-consuming calibration of microphone array orientation and position to ensure high exper-
imental repeatability. To address this issue, this study investigates tool wear classification in milling using
microphone array-based beamforming and machine learning under angular installation variations. The ef-
fects of angular deviations on classification performance are evaluated using either a single microphone or
a Uniform Linear Array (ULA). First, sound signals were collected using a single microphone, and a random
forest classifier was trained using signals acquired without angular deviation. The trained model was then
tested under different angular installation conditions. The classification accuracy reached 85% when no an-
gular deviation was present, but decreased to 76% as the angular deviation increased. To improve robustness
against angular variations, three different methods were proposed. In Method 1, a model trained using non-
deviated single-microphone signals was applied to signals processed by Delay-and-Sum (DS) beamforming
before classification. The resulting classification accuracy was similar to that obtained without beamform-
ing. In Method 2, separate machine learning models were trained using raw sound signals collected at three
incident angles (0°, -5°, and -10°). The Direction of Arrival (DoA) of the sound signals was first estimated, and
the corresponding angle-specific model was selected for prediction. This approach improved the classifica-
tion accuracy to 85%-94%. In Method 3, DS beamforming and DoA-based model selection were combined.
However, due to the high background noise in the enclosed machining environment, the effectiveness of
beamforming was limited, and only marginal improvement was achieved compared with Method 2.

Keywords: Tool wear classification, Milling, Microphone array-based beamforming
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STUDY OF LUBRICATION CONDITION MONITORING FOR THE BALL SCREW SYSTEM IN A
MACHINE TOOL (40)

Cheng-Hong Lin, eric7633914@gmail.com, National Chung Hsing University
Ming-Chyuan Lu, mclu@dragon.nchu.edu.tw, National Chung Hsing University
Chung-Yu Tai, harkattai@nchu.edu.tw, National Chung Hsing University

ABSTRACT

Insufficient lubrication of a ball screw can reduce operational stability and accelerate screw wear. This
study investigates the relationship between lubrication film conditions and vibration signals, and establishes
a lubrication film condition monitoring system. To ensure the selection of the most suitable sensor type
and improve the sensitivity and stability of sensor signals, the vibration signal was selected based on the
results of preliminary studies. Subsequently, signal analysis was employed to determine the optimal feed
rate for the ball screw, the motion for signal acquisition, and the timing for starting the data acquisition.
To investigate the relationship between lubrication film conditions and vibration signals, feature analysis of
vibration signals under different lubrication supply conditions was performed. Classification indices were
further used to quantify the detection capability for each feature for identifying lubrication film conditions.
The developed monitoring model adopted a Backpropagation Neural Network (BPNN) integrated with fea-
ture and decision fusion to detect the four-stage lubrication film condition. To collect sensor data required
for signal analysis and system development, experiments and system development were first conducted on a
single-axis research platform in the laboratory. The developed methodology was then applied to a mill-turn
machine for evaluation in an industrial environment. The results demonstrated that the system developed
on the laboratory platform achieved 100% classification rate for four different lubrication supply conditions.
Furthermore, by following the development procedure established in the laboratory, a lubrication condition
monitoring system for the ball screw was successfully implemented on the industrial mill-turn machine and
achieve 100% classification rate as well.

Keywords: Study, Lubrication condition monitoring, Ball screw system
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A PHYSICS-INFORMED DEEP LEARNING FRAMEWORK FOR CRACK RISK PREDICTION IN
ALUMINUM INGOT CASTING PROCESSES (58)

Kuan-Jung Chung, kjchung@cc.ncue.edu.tw, National Changhua University of Education

Zhi-Peng Wang, a0905070457@gmail.com, National Changhua University of Education

Chun-Ming Lin, chunming@nkust.edu.tw, National Kaohsiung University of Science and Technology
Kuo-Feng Hsu, kuan.chung.1969@gmail.com, C.S. Aluminum Corporation

Yung-Wen Hung, s1151009@gm.ncue.edu.tw, C.S. Aluminum Corporation

Yao-Cheng Lee, justin930412@gmail.com, C.S. Aluminum Corporation

ABSTRACT

The direct chill (DC) casting of aluminum ingots involves complex interactions between melt tempera-
ture and cooling conditions, exhibiting highly non-linear characteristics. In industrial practice, the scarcity
of abnormal samples presents a significant challenge known as the small-sample imbalance problem. Con-
ventional data-driven models are prone to overfitting under data-constrained scenarios, while traditional
numerical simulations fail to meet the requirements of real-time early warning due to their high computa-
tional cost. This study proposes a physics-informed deep learning framework that integrates physical feature
engineering with Long Short-Term Memory (LSTM) networks for predicting crack risks in aluminum ingots.
Seven physically derived features, including the shell thermal stress index and solidified shell thickness, were
formulated to reflect the solidification mechanism, thereby enhancing the model’s perception of the under-
lying physical states of the process. To address the class imbalance, Focal Loss was incorporated to optimize
the gradient update strategy during model training. Experimental results demonstrate that after incorpo-
rating physical features, the F1 Score of the LSTM model significantly increased from 0.6576 to 0.8658. Fur-
thermore, a decision support system was constructed by combining Retrieval-Augmented Generation (RAG)
with Small Language Models (SLM) to translate predictive insights into expert-level operational recommen-
dations. The findings indicate that the physics-informed architecture effectively overcomes the limitations
of small datasets, providing a high-reliability real-time monitoring solution for high-risk casting processes.

Keywords: Deep learning framework, Crack risk prediction, Ingot casting processes
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AI-BASED INTERPRETATION OF TECHNICAL DRAWINGS FOR VARIANT-SPECIFIC
INFORMATION PROVISION IN BROWNFIELD ASSEMBLY (15)

Max-Heiner Birk, max-heiner.birk@bosch.com, Furtwangen University
Andreas Gaus, andreas.gaus@bosch.com, Bosch Rexroth AG

Christoph Reich, christoph.reich@hs-furtwangen.de, Furtwangen University
Michael Engler, michael.engler@hs-furtwangen.de, Furtwangen University

ABSTRACT

In variant-rich brownfield assembly, technical drawings often contain essential target information for
variant interpretation, but their unstructured PDF format prevents direct integration into automated work-
flows. This paper presents a modular Al-based pipeline for extracting machine-readable target information
from such drawings. The method combines PDF rendering, title-block masking, YOLOv8-based detection,
geometric filtering, left-right assignment and rule-based size classification. It was evaluated on 63 tech-
nical drawings from hydraulic component production. Within the investigated dataset, all drawings were
processed correctly by the final workflow. The results indicate that the approach is suitable as a target-
information module for downstream assembly automation.

Keywords: Technical drawings, Brownfield assembly, Ai-based interpretation
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MAINTENANCE SCHEDULING DECISION SUPPORT SYSTEM FOR AIRCRAFT
MAINTENANCE EQUIPMENT USING MACHINE LEARNING (23)

Nilgiin Fescioglu Unver, nilgunf@gmail.com, TOBB Ekonomi ve Teknoloji Universitesi

izem Sude Agbuga, iagbuga@etu.edu.tr, TOBB University of Economics and Technology

Ayca Aslan, aycaaslan@etu.edu.tr, TOBB University of Economics and Technology

Cagatay Kuban, ckuban@etu.edu.tr, TOBB University of Economics and Technology

Ali Metehan Murathan, amurathan@etu.edu.tr, TOBB University of Economics and Technology
Selin Ruhi, sruhi@etu.edu.tr, TOBB University of Economics and Technology

Sevki Alper Sanioglu, ssarioglu@etu.edu.tr, TOBB University of Economics and Technology
Selman Emir Kog, selmankoc@thy.com, Turkish Technic

ABSTRACT

This study proposes a decision support system integrating machine learning and operations research
methods to predict failures of aircraft maintenance equipment and optimize maintenance planning. Re-
maining Useful Life (RUL) is estimated using XGBoost and integrated into a Mixed Integer Linear Program-
ming (MILP) model to generate a 60-day maintenance schedule. Results indicate improved prioritization
of high-risk equipment, balanced workload distribution, and enhanced operational efficiency, with an esti-
mated annual economic benefit of approximately 2.45 million USD.

Keywords: Decision support system, Aircraft maintenance equipment, Machine learning
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PHYSICAL Al FOR AUTOMOTIVE MANUFACTURING QUALITY INTELLIGENCE: AN
INDUSTRIAL FRAMEWORK AND APPLICATION STUDY (111)

Ozgecan San, ozgecan@robolaunch.io, robolaunch
Miikremin Cetinkaya, mukremin@robolaunch.io, robolaunch
Hidayet Tung, hidayet@robolaunch.io, robolaunch

ABSTRACT

Physical Al is emerging as a new generation of intelligent systems capable of perceiving, understanding,
and acting within the physical world. While recent advances in Artificial Intelligence have transformed digital
decision-making, manufacturing environments require Al systems that can interact directly with physical as-
sets, production processes, and industrial equipment. Automotive quality control represents a particularly
relevant application domain due to the significant costs associated with manufacturing defects, rework oper-
ations, quality escapes, and production variability. This study presents an industrial framework for applying
Physical Al to automotive manufacturing quality control. The framework is derived from Automated Quality
Inspection (AQl) applications developed for multiple automotive production environments, including press
shop, body-in-white, and engine assembly operations. The proposed approach combines simulation-driven
synthetic defect generation, deep learning-based computer vision, application-specific inspection architec-
tures, and reinforcement learning-supported optimization within a unified quality intelligence workflow.

Keywords: Physical ai, Industrial framework, Manufacturing quality intelligence
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A KALMAN FILTER-BASED VIRTUAL SENSING FRAMEWORK FOR STRUCTURAL HEALTH
MONITORING (99)

Omer Dehan Ozboz, dehanozboz@gmail.com, TOBB University of Economics and Technology
Hakki Ozgiir Unver, hounver@etu.edu.tr, TOBB University of Economics and Technology

ABSTRACT

This study presents a Kalman filter-based virtual sensing framework derived from a Finite Element Model
(FEM) to reconstruct dynamic responses at unmonitored locations. The method is experimentally validated
on a Carbon Fiber Reinforced Polymer (CFRP) plate under random white-noise excitation. Using sparse strain
measurements from piezoelectric sensors, the framework estimates velocity, which is verified against laser
vibrometer data.

Keywords: Virtual sensing framework, Structural health monitoring
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STRUCTURAL DESIGN OPTIMIZATION OF THE HYBRID COMPOSITE BATTERY
ENCLOSURE OF AN ELECTRIC VEHICLE (45)

Nedim igten, n.berkicten@gmail.com, Tobb Etu

ABSTRACT

This study presents structural design and optimization of a carbon fiber and glass fiber reinforced hybrid
battery enclosure for electric vehicles. Structural integrity of the battery enclosure is evaluated through static
stiffness, vibration, and crash analyses using the commercial finite element analysis software LS-DYNA. To
map the design space, a Latin hypercube sampling plan was established to develop five surrogate models:
Artificial neural networks, Gaussian process regression, Support vector regression as well as Quadratic and
Cubic response surface models. The study compares the prediction accuracy and optimization performance
of these models. It is found that the optimized hybrid design achieves a comparable mass to the baseline
aluminum design while offering significantly superior structural stiffness and enhanced safety margins.

Keywords: Battery enclosure, Hybrid composites, Surrogate modeling
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SENSORLESS FORCE ESTIMATION IN ROTARY SWAGING OF AISI 4140 STEEL PIPES
USING MACHINE LEARNING (47)

Ahmet Sayll, sayil22@itu.edu.tr, Istanbul Technical University
Emirhan Akiiziim, akuzum22@itu.edu.tr, Istanbul Technical University
Hasan Cakir, h.cakir@yilmazdynamics.com, Yilmaz Makine

Mustafa Bakkal, bakkalmu@itu.edu.tr, Istanbul Technical University

ABSTRACT

This study investigates machine learning-based sensorless force estimation in 4140 steel pipes formed
by the rotary swaging method. Accordingly, industrial motor current signals and dynamic finite element
analysis force data were mapped. By utilizing machine learning algorithms, current variations were directly
transformed into mechanical force, establishing a digital twin that predicts instantaneous stresses with high
accuracy. The developed sensorless model ensures simultaneous part quality while extending die life. Find-
ings provide a high-efficiency optimization framework for industrial manufacturing processes focused on
predictive maintenance.

Keywords: Rotary swaging, Cold forming, 4140 Steel
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DEEP LEARNING-BASED DESIGN OF 2D METAMATERIALS WITH NEGATIVE POISSON’S
RATIO (93)

Ata Umut Sahin, ataumutsahin@etu.edu.tr, TOBB ETU
Cihan Tekoglu, c.tekoglu@gmail.com, TOBB ETU

ABSTRACT

This study proposes a deep learning-based framework for designing two-dimensional metamaterials
with a negative Poisson’s ratio. A convolutional neural network (CNN) encoder-decoder architecture is de-
veloped to predict optimized metamaterial topologies while reducing the computational cost of conventional
topology optimization. The effects of model scale, image resolution (32 x 32 and 64 x 64 pixels), dataset size,
and learning rate are systematically investigated in terms of prediction accuracy, generalization capability,
model complexity, and training efficiency. Results show that the reduced-order model achieves predictive
performance comparable to the larger architecture while using approximately 75% fewer trainable parame-
ters and reducing training time by nearly 17%, demonstrating an efficient surrogate framework for metama-
terial topology optimization.

Keywords: Metamaterials, Negative poisson’s ratio, Deep learning
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MECHANICAL BEHAVIOR AND FRACTURE OF BIOCOMPATIBLE POLYMERS FOR
ADDITIVE MANUFACTURING (21)

llia Vindokurov, ivw@pstu.ru, Perm National Research Polytechnic University
Mikhail Tashkinov, m.tashkinov@pstu.ru, Perm National Research Polytechnic University

ABSTRACT

This work investigates the mechanical behavior and fracture mechanisms of biocompatible polymers
(PLA and PEEK) manufactured by fused deposition modeling (FDM). A comprehensive experimental method-
ology was developed, including tensile, compressive, flexural, and fracture toughness testing, as well as
structural analysis before and after exposure to liquid environments. The influence of infill angle, printing
parameters, and thermal treatment on mechanical performance was evaluated (Vindokurov et al., 2022).
The results demonstrated pronounced anisotropy of FDM structures and improved properties of thermally
treated PEEK due to enhanced crystallinity and interlayer adhesion (Vindokurov et al., 2022). Additionally,
porous and lattice structures exhibited increased sensitivity to degradation (Elenskaya et al., 2024; Pirogova
etal., 2025).

Keywords: Fracture, Mechanical behavior, Biocompatible polymers
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COMPUTATIONAL DESIGN OF POROUS METAMATERIALS WITH TAILORED MECHANICAL
PROPERTIES FOR BONE-TISSUE ENGINEERING (27)

Mikhail Tashkinov, m.tashkinov@gmail.com, Perm National Research Polytechnic University
Nataliya Elenskaya, n.elenskaya@pstu.ru, Perm National Research Polytechnic University
Vera Zatonskaya, vmzatonskaja@pstu.ru, Perm National Research Polytechnic University
Yulia Pirogova, yu.pirogova@pstu.ru, Perm National Research Polytechnic University

ABSTRACT

Porous architected metamaterials are promising for bone-tissue engineering because they can repro-
duce the hierarchical morphology and mechanical behavior of native bone. This work presents a computa-
tional framework for designing porous scaffolds based on triply periodic minimal surfaces (TPMS) and ran-
dom bicontinuous structures with controllable mechanical and morphological properties. Parametric geom-
etry control, homogenization-based evaluation, morphology grading, and multi-objective optimization are
combined to tailor stiffness, anisotropy, and porosity for tissue-specific applications (Elenskaya et al., 2025,
2023; Kononov and Tashkinov, 2025; Pirogova et al., 2025). The proposed framework supports the devel-
opment of additively manufactured patient-specific implants with improved mechanical compatibility and
structural functionality, including scaffolds mimicking trabecular-cortical transitions.

Keywords: Bone-tissue engineering, Computational design, Porous metamaterials

70



? 21°" International Conference on Machine Design and Production
19-21 August 2026, Istanbul, Turkiye

DESIGN OF A TOGGLE ASSISTED SPRING MECHANISM FOR ENHANCED GRASPING IN A
SINGLE-DOF PROSTHETIC HAND (36)

Emre Ulusoy, uemre067@gmail.com, Proted Prosthetics & Orthotics INC.
Erhan ilhan Konukseven, konuk@metu.edu.tr, Middle East Technical University

ABSTRACT

This study investigates a dual preloaded spring mechanism for the finger transmission of an active my-
oelectric hand prosthesis. It covers backlash analysis of the lead-screw transmission and finger joints, the
design of symmetric thumb-side and index-side springs with springs with over-center behavior about a tog-
gle position, integration into a commercial myoelectric hand, and analytical evaluation of its effect on back-
lash, grasp retention on rigid objects, and motor energy consumption. The study aims to suppress backlash-
induced free motion caused by accumulated clearances, enable reliable grasping of rigid objects, and reduce
actuator load and associated energy consumption. The findings contribute to mechanism-level design strate-
gies for improving grasp stability in active upper-limb prostheses.

Keywords: Toggle-assisted mechanism, Myoelectric prosthesis, Preloaded spring mechanism
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NUMERICAL ANALYSIS OF THERMOMECHANICAL BEHAVIOR OF AUXETIC RING-SHAPED
LATTICES (56)

Anastasia Tarasova, a.tarasova@pstu.ru, Perm National Research Polytechnic University

ABSTRACT

Auxetic metamaterials with a negative Poisson’s ratio attract increasing interest due to their unique
deformation behaviour, including lateral expansion under tensile loading enabled by geometric design
[Tarasova and Tashkinov, 2024]. Ring auxetics are particularly promising for applications requiring control-
lable radial compliance. This study proposes a design where the auxetic mechanism activates in planes
perpendicular to the ring axis [Tarasova and Tashkinov, 2025]. Numerical analysis investigates the impact
of re-entrant unit cell geometry (angle, cell quantity, thickness) on the mechanical response under thermo-
mechanical loading. The results demonstrate that geometric tailoring provides an effective means of control-
ling radial deformability, highlighting the potential of ring-shaped auxetic lattices for advanced engineering
applications, including personalized biomedical devices.

Keywords: Numerical analysis, Thermomechanical behavior, Auxetic ring-shaped lattices
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MECHANICAL DESIGN OF HYDRAULIC MONOCENTRIC
MICROPROCESSOR-CONTROLLED KNEE JOINT (72)

Muhammet Mustafa Er, muhammetmustafaer1@gmail.com, Proted Protez & Ortez A.S

ABSTRACT

This study investigates the mechanical design of hydraulic monocentric microprocessor-controlled knee
joint for transfemoral amputees. It covers the monocentric kinematic structure, a double-acting hydraulic
piston supported by an accumulator, and a valve system used to control the damping characteristics of the
piston. The main aim of this study is to develop a knee joint that can effectively imitate human knee kine-
matics and natural gait patterns while maintaining reliable and efficient mechanical operation. The findings
of this study are expected to contribute to the development of advanced lower-limb prosthetic systems with
improved walking stability, motion performance, and user comfort.

Keywords: Mechanical design, Microprocessor-controlled knee joint
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EFFECT OF UNIT CELL SIZE ON PRESSURE DISTRIBUTION OF 3D-PRINTED GYROID
FOAM FOR SITTING COMFORT (25)

Minh Tien Nguyen, nb24501@shibaura-it.ac.jp, Shibaura Institute of Technology
Akinari Hirao, hirao@shibaura-it.ac.jp, Shibaura Institute of Technology

ABSTRACT

Prolonged sitting can increase discomfort and physical stress on the human body, making seat foams
comfort an important factor in user experience and seating design. Recently, 3D-printed foam structures
have received increasing attention for seating applications because of their lightweight characteristics and
design flexibility. However, previous studies have mainly focused on physical testing and prototype develop-
ment, with limited using simulation methods. In this study, a combined testing and finite element simulation
approach was used to investigate the mechanical behavior of gyroid structures under sitting condition. Pres-
sure distribution and surface deformation obtained from physical tests were used to validate the simulation
results. After validation, the simulation model was applied to investigate the influence of unit cell size, one
of the main design parameters of gyroid structures, on contact pressure distribution. The results indicate
that the proposed approach can support design based on simulation for improved sitting comfort.

Keywords: Pressure distribution, Unit cell size, Sitting comfort
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ANALYSIS OF THE IMPRESSION STRUCTURE OF TYRE TREAD DESIGN (43)

Ikki Koda, ikkikoda8915@keio.jp, Keio University
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Manabu Kikuchi, manabu.kikuchi@bridgestone.com, Bridgestone
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Chiho Semba, chiho.semba@bridgestone.com, Bridgestone

Kenta Nishimura, kenta.nishiyamal@bridgestone.com, Bridgestone
Keita Ishii, keita.ishii@bridgestone.com, Bridgestone

Teppei Mori, teppei.mori@bridgestone.com, Bridgestone

Yukihiro Kiwaki, yukihiro.kiwaki@bridgestone.com, Bridgestone

ABSTRACT

This study aimed to clarify the impression structure of tire treads and its relationship with their geo-
metric features. Semi-structured interviews and an evaluation experiment using the Semantic Differential
method were conducted, followed by factor analysis. Three factors, comfort, aesthetic quality, and trust,
were extracted. CatBoost regression models were then constructed to predict the factor scores from geo-
metric features calculated using a two-dimensional discrete Fourier transform. The models were interpreted
using SHAP, revealing characteristic combinations of groove angle and frequency related to each factor.

Keywords: Analysis, Impression structure, Tyre tread design
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ANALYSIS OF BRAIN ACTIVITY DURING SKETCH-BASED IDEA TRANSFORMATION (44)

Mimi Kawano, mimi.k0414@keio.jp, Keio University Graduate School
Kentaro Maeta, kentado19@keio.jp, Keio University Graduate School
Takeo Kato, kato@mech.keio.ac.jp, Keio University

Kazutaka Ueda, ueda@hnl.t.u-tokyo.ac.jp, Tokyo University

Koji Koizumi, koizumi@hnl.t.u-tokyo.ac.jp, Tokyo University
Hideyoshi Yanagisawa, hide@mech.t.u-tokyo.ac.jp, Tokyo University

ABSTRACT

This study investigated how design expertise influences cognitive strategies during idea transformation
in sketching-based design tasks using EEG microstate analysis. Based on Goel’s framework, ideation pro-
cesses were categorized into New Generation (NG), Vertical Transformation (VT), and Lateral Transformation
(LT). Comparisons between students and designers showed significantly higher microstate class A coverage
in designers during LT. Further analysis among students, novice designers, and experienced designers re-
vealed higher class A coverage in designers across all conditions, whereas students showed higher class C
coverage than experienced designers. These findings suggest expertise-related differences in visual imagery

and memory-based cognitive processing during idea transformation.

Keywords: Analysis, Sketch-based idea transformation
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DETECTING PHYSICAL FATIGUE AND DROWSINESS DURING LONG-TERM TRUCK
DRIVING USING CENTER OF PRESSURE DYNAMICS (54)

Akinari Hirao, hirao@shibaura-it.ac.jp, Shibaura Institute of Technology
Kai Suzuki, CY22044@shibaura-it.ac.jp, Shibaura Institute of Technology

ABSTRACT

In truck transportation, preventing accidents caused by drowsiness and physical distress during long-
duration driving is a critical challenge. While existing systems focus on drowsiness, methods to decouple
these two fatigue factors remain unestablished. This study proposes a non-intrusive method to differentiate
mental and physical fatigue using Center of Pressure (COP) dynamics. We conducted a 100-minute contin-
uous driving experiment using a driving simulator with 12 participants. The experiment revealed distinct
behavioral patterns: increased physical distress significantly elevated both COP path length and standard
deviation (SD), whereas increased drowsiness significantly increased SD but had no significant effect on path
length. Based on these findings, we developed a four-quadrant model to classify driver states. Physiological
data, including core body temperature, validated the model’s accuracy. This approach enables specific in-
terventions, such as recommending either a nap or a stretch, based on the identified fatigue source.

Keywords: Center, Detecting physical fatigue, Long-term truck driving
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DEVELOPMENT OF AUGMENTED HAND SHADOW ART SYSTEM (14)
Hideo Miyachi, miyachi@tcu.ac.jp, Tokyo City University

ABSTRACT

Shadow puppetry is an art form created by projecting three-dimensional objects onto a two-dimensional
screen. In Japan, in particular, hand shadow puppetry, using human hands, has been a beloved part of
Japanese culture since the 17th century. However, since many shadow puppet performances are educa-
tional shows aimed at children, it is difficult to operate them on a self-sustaining basis, and they tend to
be supported by subsidies from the national government and local authorities for the purpose of cultural
preservation. This research aims to enhance the artistic value of hand shadow puppetry and achieve eco-
nomic sustainability by developing an advanced system. The proposed system employs image processing
and Al to add color to typically monochromatic images and enables a single performer to manipulate multi-
ple shadows simultaneously. This paper presents the proposed prototype system and the enhanced shadow
puppetry video created as a trial.

Keywords: Development, Shadow art system
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AN APPROACH TO MENTAL-IMAGE BASED COGNITION FOR INTUITIVE HUMAN-ROBOT
INTERACTION --- FOCUSING ON HUMAN ABILITY OF PROBLEM FINDING AND SOLVING ---
(24)

Masao Yokota, yokota@fit.ac.jp, Fukuoka Institute of Technology
Rojanee Khummongkol, rojanee.k@ku.ac.th, Kasetsart University

ABSTRACT

Nowadays, great progress in artificial intelligence (Al) and robotics may well predict a world in the very
near future where ordinary people and home robots will be interacting very naturally in casual scenes, find-
ing and solving various problems cooperatively. Particularly, in the field of Al, deep-learning (DL) based
methodologies have been widely utilized to simulate some aspects of human cognition, such as pattern
recognition (based on discriminative Al) and natural language processing (based on generative Al (GAI) with
large language models (LLMs)), with remarkable outcomes. In fact, GAl improves technical effectiveness in
this field in comparison with traditional rule-based Al. However, many conventional Al models, particularly
those based on DL, are not transparent or explainable in reasoning, which makes it difficult to understand
how they make decisions. Moreover, all benchmarks of the applications are based on behaviorism and do
not require the process from input to output to be cognitively human-like in the sense of strong psychological
equivalence. Yokota, M. has proposed a computational model of mental image in his original semantic the-
ory named Mental Image Directed Semantic Theory, within traditional rule-based Al. This paper proposes a
methodology to provide robots with problem finding/solving ability based on the mental image model. The
application system CoMa$S (Conversation Management System) has shown a good result in problem find-
ing/solving as question-answering through natural language.

Keywords: Cognition, Problem finding, Approach
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GENERATION OF 3D MODELS OF HISTORICAL JAPANESE CASTLE TOWN FOR VIRTUAL
PRODUCTION USE (34)

Towa Sakurai, sakurai.towa@keio.jp, Keio University
Takahiro Yakoh, yakoh@keio.jp, Keio University

ABSTRACT

This paper proposes a generative Al system for reconstructing Japanese castle towns. The system gen-
erates three-dimensional (3D) models that incorporate historical town configuration rules, detailed town
planning, such as specific town types and block sizes, and topographical correlations, based on given loca-
tion, era, and scale parameters, to ensure historical accuracy. This paper validates spatial accuracy through
comparison with historical records and demonstrates the flexibility to generate various town models tailored
to user-defined parameters.

Keywords: Japanese castle town, Generation, 3D models
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DEVELOPMENT AND EVALUATION OF A BARRIER-FREE TOURISM SUPPORT SYSTEM
USING AIOT AVATARS (39)

Yuki Kida, ykida@keio.jp, Keio university
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ABSTRACT

When people with disabilities engage in tourism, they require prior research of accessible routes and
facilities, while some information may still be difficult to obtain on-site. This study aims to enable access to in-
formation without such preparation by developing a barrier-free tourism support system using AloT avatars.
These avatars are anthropomorphized objects created using generative Al and engage users in autonomous
conversations. Experiments were conducted at a hotel, souvenir shop, and cafe. The results suggested that
the system provided users with the information necessary for tourism activities, enabling them to correctly
reach their destinations or place orders and make purchases.

Keywords: Tourism support system, Aiot avatars, Development
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EFFECT OF IMU MOUNTING LOCATION ON VIBRATION BEHAVIOR IN FIXED-WING UAV
FUSELAGES: MODAL AND HARMONIC ANALYSIS (49)

Semih Nazligil, nazligul21@itu.edu.tr, iti

Alp Baykut, baykuta22@itu.edu.tr, itii

Hasan Cakir, h.cakir@yilmazdynamics.com, Yilmaz Machine
Mustafa Bakkal, bakkalmu@itu.edu.tr, ITU

ABSTRACT

Navigation accuracy in fixed-wing UAVs depends on the quality of IMU data, which is often degraded by
motor-induced structural vibrations. This study investigates the impact of IMU mounting locations on vibra-
tion behavior using Abaqus for modal and harmonic analyses. By identifying natural frequencies and mode
shapes, the dynamic response of the fuselage was evaluated under operational loads. Results indicate that
traditional Center of Gravity (CoG) placement can coincide with vibration antinodes, leading to increased
noise. Conversely, positioning the IMU at structural nodal points significantly minimizes mechanical inter-
ference at the source. This methodology reduces reliance on software-based filters and offers a physical
optimization strategy for sensor placement in UAV design.

Keywords: Imu mounting location, Vibration behavior, Effect
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EFFECT OF Y203 CONTENT ON THE COMPRESSIVE AND HARDNESS BEHAVIOUR OF
AZ91 MAGNESIUM MATRIX COMPOSITES FABRICATED BY POWDER METALLURGY (60)
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Tiirker Turkoglu, turker.turkoglu@balikesir.edu.tr, Balikesir University
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ABSTRACT

AZ91 magnesium alloy was reinforced with 5, 10, and 15 wt.% Y203 by ball milling and uniaxial hot
pressing at 550 °C under 100 MPa in argon. Vickers microhardness and uniaxial compression tests showed
that both properties increased with reinforcement content and reached a maximum at 10 wt.% Y203, where
the compressive strength rose from 185 to 258 MPa and the hardness from 82 to 121 HV1. Further addition
up to 15 wt.% caused a partial decline (245 MPa, 110 HV1), attributed to Y203 agglomeration. The optimum
at 10 wt.% is explained by combined Hall-Petch, Orowan, thermal-mismatch, and load-transfer mechanisms.

Keywords: Compressive, Effect, Y203 content
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INVESTIGATION OF 3-D PRINTING POTENTIAL OF BIO-INSPIRED COLD PLATES FOR
ELECTRIC VEHICLE BATTERY THERMAL MANAGEMENT (74)

Fatih Furkan Bekoz, bekoz23@itu.edu.tr, Istanbul Technical University
Yusuf Ata Ertiirk, erturky22@itu.edu.tr, Istanbul Technical University
Tuba Okutucu-Ozyurt, okutucuozyurt@itu.edu.tr, istanbul Technical University

ABSTRACT

A bio-inspired cold plate compatible with 3-D printing steps is developed for the thermal management
of electric vehicle batteries. Gyroid-based cooling channels with high heat transfer potential are designed.
To reduce the inherent hydraulic resistance of gyroid structures, Murray’s Law is utilized as a design criterion.
Field-Driven Design is utilized to grade the gyroid wall thicknesses based on local flow parameters. Valida-
tions via Lattice Boltzmann simulations proved that multi-field grading achieves an optimized pressure drop
and stable flow within standard pump capacities. This framework establishes a highly efficient, optimized
hydraulic foundation for subsequent thermal analyses directly influencing battery performance.

Keywords: Investigation, 3-D printing potential, Bio-inspired cold plates
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ENERGY SAVING METHODOLOGIES, OPPORTUNITIES, AND TRENDS IN THE TURKISH
THERMAL POWER PLANTS (77)

Birol Kilkis, birolkilkis@hotmail.com, OSTIM Technical University

ABSTRACT

This paper presents a new model about the burden of nearly avoidable carbon dioxide emissions arising
from exergy destruction in the built environment, as defined by the Second Law. This model establishes a
direct relationship between exergy destruction and carbon dioxide emission responsibility to trace the root
cause of the emissions. Yet, it is recognised that the actual carbon footprint share of the Turkish power indus-
try is inflated in the literature because most emissions result from exergy destruction by power-demanding
sectors rather than power plants themselves. With such an appraisal of the root causes of emissions be-
yond measuring them at power plant stacks, this model also underscores sustainable, realistic energy-saving
measures in the built environment and offers new opportunities beyond current trends. The waste heat
from power plants has been investigated for its potential utilisation for useful work, such as district heating
and cooling. A case study is provided about district heating and cooling options in the Afsin-Elbistan region,
utilising the waste heat from the existing lignite power plant and receiving make-up water from the Ceyhan
River, about 30 kilometres away. Three scenarios were compared: The current situation, the district energy
system, and, thirdly, a three-step fluidised-bed combustion system for the power plant. Results indicate that
emission savings from 50,000 household-equivalent new, recovered, and refurbished habitations following
the major earthquake in 2022 in the Kahramanmaras area of Turkiye exceed 60% in the second scenario and
reach 100% in the third scenario.

Keywords: Global warming, Energy saving, Decarbonization
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IMPROVED GAIT DATA EVALUATION USING NORMAL BANDS AND AUTOCORRELATION
ANALYSIS (124)

Behzat Bahadir Kentel, behzat.kentel@tedu.edu.tr, TED University
S. Turgut Timer, tumer@metu.edu.tr, ODTU
A. Refik Giillli, refik.gullu@bogazici.edu.tr, Bogazici University

ABSTRACT

Confidence and prediction bands provide a statistically robust approach for evaluating and interpreting
gait data, offering an alternative to the commonly used mean +1 standard deviation bands. In this study, gait
data collected at the Biomechanics Laboratory of the Mechanical Engineering Department at METU were an-
alyzed for three groups: healthy subjects, patients with gonarthrosis, and patients with calcaneus fractures.
Confidence and prediction bands (90%) were constructed for all joint angles of the healthy group. Pelvic
obliquity, hip abduction, and sagittal plane hip, knee, and ankle angles exhibited distinct patterns with rel-
atively low variability, whereas pelvic rotation and rotational joint angles showed high variability, limiting
their statistical significance. Confidence bands effectively captured characteristic joint angle behavior and
enabled meaningful comparisons between healthy and pathological gait patterns. Comparisons of sagittal
plane confidence bands clearly distinguished the gait characteristics of the patient groups. Prediction bands
were shown to classify individual gait data within a population with a known error level. To address the influ-
ence of experimental errors and data variability, autocorrelation analysis was incorporated into prediction
band construction. Although autocorrelation-based prediction bands improved statistical reliability, they
reduced the physical interpretability of the data. Therefore, using prediction bands both before and after
autocorrelation analysis is recommended to provide complementary statistical and biomechanical insights
into gait analysis.

Keywords: Autocorrelation analysis, Gait data evaluation, Normal bands
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EFFECT OF ELECTRODE GEOMETRY ON THE MECHANICAL PROPERTIES OF DISSIMILAR
RESISTANCE SPOT WELDED MS1500 AND SPFC590 STEELS (35)

Mehmet Gortan, okangortan@hacettepe.edu.tr, Hacettepe University
Umit Tiirkmen, umitturkmen@rokeron.com, Rokeron Otomotiv A.S.
Rahman Ehvan, rahmanehvan@rokeron.com, Rokeron Otomotiv A.S.

ABSTRACT

This study examines the influence of electrode geometry and welding current on the mechanical behav-
ior of resistance spot welded dissimilar MS1500 and SPFC590 steel sheets with a thickness of 1.2 mm. The
investigated electrode geometries, selected according to ISO 5821 recommendations for this sheet thick-
ness, were GO-6 mm, G0-8 mm, and AO. The joints were evaluated based on tensile-shear load capacity,
absorbed failure energy, and fracture characteristics. Among the investigated geometries, the GO-6 mm
electrode exhibited excessive expulsion at comparatively lower welding currents due to its smaller contact
area, resulting in inferior mechanical performance. The highest combination of tensile-shear strength and
energy absorption was achieved using the GO-8 mm electrode geometry, with values of 19.42 kN and 43.81
J, respectively. In the case of the AO electrode geometry, a similar maximum tensile-shear load of 19.68
kN was obtained; however, the corresponding failure energy remained lower at 40.94 J. Tensile-shear tests
conducted under the optimum welding conditions revealed that all joints failed through a pull-out fracture
mode, indicating sufficient weld nugget strength relative to the surrounding material.

Keywords: Electrode geometry, Effect, Mechanical properties
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EFFECT OF CLAMPING MECHANISM DESIGN ON DEFORMATION AND STRESS
DISTRIBUTION IN A DOUBLE-HEAD CUTTING MACHINE (50)
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Eray Siirgeg, surgec21@itu.edu.tr, Istanbul Technical University
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ABSTRACT

In double-head aluminum profile cutting machines, clamping is important for keeping the workpiece
stable during cutting. In the examined machine, the pneumatic piston repeatedly clamps and releases the
profile, causing local deformation and stress concentration in the support and angle plate region. This study
compares how different clamping designs affect deformation and load transfer using linear static finite ele-
ment analysis in ANSYS Mechanical under a 320 N clamping load. The baseline design exhibited a maximum
deformation of 0.0450 mm and a maximum Von Mises stress of 12.8 MPa. Four design alternatives were
analyzed. The mechanical vise reduced the maximum deformation to 0.00754 mm (83.2% reduction) and
the maximum stress to 5.24 MPa, providing the best overall structural performance.

Keywords: Deformation, Effect, Clamping mechanism design
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EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF LASER MICRO-ENGRAVING
PARAMETERS ON SURFACE ROUGHNESS IN AISI H13 HOT-WORK TOOL STEEL (78)

Sahar Ghauori, s.ghauori@modares.ac.ir, Tarbiat Modares University
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ABSTRACT

This study investigates the effects of scanning direction, laser power, and scanning speed on the sur-
face roughness of laser-micro-engraved AISI H13 tool steel. An 18-run full-factorial design was employed.
Surface roughness (Ra) was measured and analyzed using three-way ANOVA, while surface morphology was
examined using optical microscopy. The results showed that laser power was the only statistically signifi-
cant factor affecting surface roughness (p < 0.05), with higher power increasing Ra. The minimum Ra (2.70
um) was obtained at 60% laser power and 700 mm/s scanning speed using an alternating 45°/90° scanning
strategy. Optical microscopy qualitatively supported the roughness results. The findings provide guidance
for improving the surface quality of AISI H13 tool steel during laser micro-engraving.

Keywords: Surface roughness, Effects, Experimental investigation
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SURFACE INVESTIGATION OF PLA MATERIAL USING MAGNETIC SURFACE TREATMENT
SYSTEM (79)

iclal Tetik, iclaltetik6519@gmail.com, Balikesir University

ABSTRACT

Industrial components can achieve the desired surface quality through Magnetic Abrasive Finishing
(MAF), where magnetic abrasive particles align under a magnetic field to form a flexible abrasive brush.
In this study, a Magnetic Abrasive Robot inspired by the MAF process was investigated. Al,0; was used as
the abrasive material, and NdFeB magnets generated the magnetic field. The magnets were fixed onto a
rigid epoxy body to improve finishing performance. PLA specimens produced by 3D printing were processed
at 200 rpm, and the resulting surface roughness values were evaluated using machine learning techniques.

Keywords: Finishing, Surface roughness, Abrasive machining
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PREDICTION OF TENACITY AND ELONGATION IN FILAMENT DRAWING PROCESS USING
MOTOR MOMENT BASED MECHANICAL TRANSFORMATION (65)

Uscan Uskaner, uscan.uskaner@gmail.com, Istanbul Technical University
Zeynep Parlar, parlarze@itu.edu.tr, Istanbul Technical University

ABSTRACT

This study relates draw ratio, godet temperature, and an unloaded-moment-compensated effective mo-
tor moment (t) to the final mechanical properties of a 550 dtex / 144 filament POY yarn drawn on the USLAN
SpinLab system, using a tenacity gain ratio (G_o) and elongation retention ratio (R_g). G_o increased andR_g
fell sharply with draw ratio, to about 0.06 at DR 2.25 and above. Temperature governed the processability
window: DR 2.50 was sustainable at 80-90 °C but not at 25 or 100 °C. A preliminary polynomial model relates
DR, T and T to G_o and R_g, requiring validation with larger data sets.

Keywords: Tenacity, Elongation, Motor moment
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INVESTIGATION OF THE EFFECT OF HYPERELASTIC MATERIAL MODEL AND DESIGN
PARAMETERS ON GASKET BEHAVIOR USING THE FINITE ELEMENT METHOD (33)

Mustafa Doruk S6nmez, sonmezm23@itu.edu.tr, ITU Mechanical Design
Zeynep Parlar, parlarze@itu.edu.tr, ITU Mechanical Design

ABSTRACT

Elastomer gaskets are widely used in sealing applications, and their performance is strongly influenced
by material behavior, gasket geometry, and bolt preload. In this study, the effects of hyperelastic material
modeling and design parameters on gasket behavior were investigated using the Finite Element Method
(FEM). EPDM and polyurethane (PU) gaskets were comparatively analyzed in flange connections within the
ANSYS environment using the Mooney-Rivlin hyperelastic material model.

Finite element analyses were performed for gasket thicknesses between 2-5 mm under different preload
conditions. Material, geometric, and contact nonlinearities were considered throughout the simulations.
The results showed that thicker gaskets exhibited more homogeneous deformation, while thinner gaskets
experienced localized compression and instability. In addition, the relationship between preload and com-
pression ratio was found to be nonlinear. EPDM showed higher deformation capability, whereas PU gener-
ated higher contact pressures due to its stiffer behavior.

The study demonstrates that reliable sealing performance requires the combined optimization of gasket
thickness and bolt preload, and confirms the effectiveness of hyperelastic FEM modeling for gasket design
applications.

Keywords: Effect, Hyperelastic material model, Design parameters
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INVESTIGATING RESIDUAL STRESS AND STRAIN RATE EFFECTS IN COLD-FORMED
SIGMA CONVEYOR BEAMS USING FINITE ELEMENT ANALYSIS (42)
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ABSTRACT

Cold-formed steel (CFS) Sigma sections are widely used as long-span conveyor side beams due to their
high strength-to-weight ratio and improved torsional rigidity compared with conventional C-sections. How-
ever, current design approaches, including the Direct Strength Method (DSM), generally assume isotropic
material behavior and may not fully account for the mechanical complexity introduced during manufactur-
ing. In particular, residual stresses and strain-rate-related hardening effects may significantly influence the
structural performance and buckling resistance of CFS Sigma beams.

This study investigates the structural response of Sigma beams subjected to eccentric conveyor loading
by incorporating manufacturing-induced residual stresses and strain-rate effects into the numerical model.
The proposed methodology is based on nonlinear finite element analysis performed using ANSYS. The struc-
tural behavior is evaluated under representative conveyor loading conditions, including vertical gravity loads
and eccentric torsional moments induced by maintenance walkways.

The study compares the ultimate load capacity, deformation response, and failure modes of conven-
tional models with those of manufacturing-aware models. Preliminary results indicate that strain-rate-
induced hardening in the Sigma stiffener regions can enhance local buckling resistance and improve the
predicted ultimate flexural capacity. The findings highlight the importance of considering manufacturing-
related effects in the design and assessment of CFS Sigma beams and demonstrate their potential contribu-
tion to weight optimization in industrial conveyor structures.

Keywords: Finite element analysis, Investigating residual stress, Strain rate effects
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EXPERIMENTAL DETERMINATION OF JOHNSON-COOK PARAMETERS FOR COLD-DRAWN
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ABSTRACT

In this study, the plastic and damage behaviour of cold-drawn AlSI 303 stainless steel was investigated
under different temperatures and strain rates. Tensile, compression and notched tensile tests at room tem-
perature; high-temperature tensile tests between 300 °C and 700 °C; and SHPB tests in the 888-4686 s’
range were carried out. For verification under impact conditions, impact tests were performed at veloci-
ties of 200-300 m/s. Using the experimental data, Johnson-Cook plasticity and damage parameters were
calibrated and the model was then validated through three-dimensional explicit analyses in Ansys/Autodyn.
The high agreement between numerical and experimental deformation profiles demonstrates that the cali-
brated model successfully represents the dynamic behaviour of AISI 303 steel.

Keywords: Experimental determination, Johnson-cook parameters, Austenitic stainless steel
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ONE-WAY FLUID-STRUCTURE INTERACTION (FSI) ANALYSIS OF A GFRP WIND TURBINE
BLADE UNDER DIFFERENT WIND VELOCITIES (69)

iclal Burcu Erciyas, burcu.erciyas2001@gmail.com, Gankaya University
Samet Akar, samet.akar@cankaya.edu.tr, Cankaya Universitesi
Ferit Sait, fsait@cankaya.edu.tr, Cankaya University

ABSTRACT

In this study, a one-way Fluid-Structure Interaction (FSI) analysis of a wind turbine blade manufactured
from Glass Fiber Reinforced Polymer (GFRP) material was investigated. The analyses were performed in
the ANSYS Workbench environment by the coupling of the Fluent and Static Structural modules. The blade
structure was tested under five different wind speed conditions ranging from 8 m/s to 72 m/s. The effects
of fluid-induced surface pressures on deformation, Von Mises stress, and elastic strain distributions on the
structural behavior were examined. The analysis results showed that the blade structure operated safely up
to a wind speed of 40 m/s, whereas at the extreme wind speed condition of 72 m/s, the stress exceeded the
material tensile strength limit of 900 MPa, leading to structural damage.

Keywords: Interaction fsi analysis, Different wind velocities
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OVERCOME “O0ZING” DURING THE FILAMENT-BASED MELT ELECTROWRITING
PROCESS (7)
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ABSTRACT

Melt electrowriting (MEW) is an additive manufacturing technique capable of producing highly ordered
microscale fibres with precise spatial control. In filament-based MEW systems, however, unintended melt
extrusion (oozing) can occur before or during printing because continuous filament feeding generates in-
ternal nozzle pressure while low-viscosity molten polymer readily flows at typical processing temperatures.
This study investigated oozing in a polycaprolactone (PCL)-based MEW system and evaluated two practical
mitigation strategies: (i) nozzle cleaning followed by loading fresh PCL filament, and (ii) active cooling of
the filament above the heater block to suppress premature melting. Both strategies prevented observable
oozing in ten repeated trials and enabled stable jet formation. These findings provide simple and effective
routes to improve process stability, print quality, and reproducibility in filament-based MEW.

Keywords: Overcome oozing during, Melt electrowriting process
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EFFECTS OF INFILL RATIOS ON THE STIFFNESS OF ADDITIVELY MANUFACTURED
POLYLACTIC ACID CANTILEVER BEAMS (30)

Inci Lazoglu, ilazoglu28@my.uaa.k12.tr, Uskudar American Academy

ABSTRACT

In additively manufactured components, the infill ratio specified during the slicing and G-code gener-
ation stages is known to exert a significant influence on structural stiffness. To systematically quantify this
effect, a series of experimental investigations was conducted on cantilever beam specimens. More specifi-
cally, in this study, cantilever beams fabricated from polylactic acid (PLA) via the fused filament fabrication
(FFF) process were examined to evaluate the relationship between infill ratio and effective stiffness. The pri-
mary objective is to establish a quantitative correlation between the selected infill ratios and the resulting
stiffness of the printed cantilever beams.

Keywords: Stiffness, Infill ratios, Effects
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STRUCTURAL OPTIMIZATION AND PERFORMANCE ANALYSIS OF A SUPPORT BRACKET
FOR ADDITIVE MANUFACTURING (41)
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ABSTRACT

This study investigates a weight-reduction methodology for military vehicle engine auxiliary equipment
brackets through the combined use of topology optimization and additive manufacturing. The primary ob-
jective is to optimize the bracket topology in order to minimize mass while preserving the required structural
strength, stiffness, and dynamic performance.

During operation, the auxiliary equipment bracket is subjected to loads transmitted through the belt-
pulley mechanism. Static analyses were performed to evaluate the structural response of the existing design
under operational loading conditions, while modal analyses were conducted to assess the stiffness charac-
teristics and natural frequencies of the bracket. The numerical analyses and optimization procedures were
carried out using HyperMesh and OptiStruct.

The optimized design achieved a weight reduction of 55.8%, decreasing the bracket mass from 3.913
kg to 1.728 kg, while maintaining stress, displacement, and stiffness levels comparable to those of the origi-
nal structure. The results demonstrate that topology optimization, particularly when supported by additive
manufacturing, is an effective approach for reducing the weight of military vehicle components without com-
promising structural performance.

Keywords: Topology optimization, Additive manufacturing, Weight reduction
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DESIGN, ANALYSIS, AND FABRICATION OF A MAGNETIC DRUG DELIVERY SYSTEM FOR
LUNG CANCER (80)

Kiibra Ozer, kubraozerr36@gmail.com, Balikesir Universitesi

ABSTRACT

In this study, NdFeB permanent magnet configurations are optimized to enhance magnetic drug target-
ing efficiency in lung cancer treatment. The target region was modeled three-dimensionally by importing
computed tomography images into 3D Slicer. In computational fluid dynamics analyses, the magnetic small-
scale robot’s flow behavior was numerically investigated. This study aims to stabilize the robot in the target
region and determine simulation parameters like magnet configurations and flow velocity. Numerical data
were compared with experimental results of a 3D-printed physical test model, identifying the optimum mag-
netic field configurations ensuring stable robot immobilization with minimal deviation.

Keywords: Lung cancer, Design analysis, Fabrication
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DINOV2-BASED FEW-SHOT ANOMALY DETECTION FOR MANUFACTURING QUALITY
INSPECTION: A COMPARATIVE STUDY OF FOUNDATION VISION MODELS (37)
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ABSTRACT

Automated visual quality inspection in manufacturing requires rapid adaptation to new products and de-
fect types. Traditional deep learning approaches necessitate large labeled datasets and retraining for each
new component, creating a critical bottleneck for flexible production lines. This study investigates the effec-
tiveness of self-supervised foundation vision models, specifically DINOv2, for few-shot anomaly detection in
industrial quality control. We propose a training-free pipeline that builds a nearest-neighbor memory bank
from DINOv2 patch-level features using only 1-10 reference images of normal parts. Through systematic
evaluation on six categories across two manufacturing datasets (MVTec AD and MPDD), we demonstrate that
DINOv2 features achieve a mean pixel-level AUROC of 93.7% with only 10 reference images, outperforming
ImageNet-supervised ResNet features (90.5%) by 3.2 percentage points. Critically, we show through ablation
studies that adding CLIP text-guided semantic features via multimodal fusion degrades localization perfor-
mance in all tested categories, demonstrating that structural patch matching alone is sufficient for manu-
facturing defect detection. The proposed approach requires no gradient computation, no domain-specific
training, and can be deployed in under 5 seconds by simply collecting a handful of defect-free reference im-
ages.

Keywords: Few-shot anomaly detection, Foundation vision models, Manufacturing quality inspection

101



? 21°" International Conference on Machine Design and Production
19-21 August 2026, Istanbul, Turkiye

DEVELOPMENT OF MODEL PREDICTIVE CONTROLLED 12-DOF BIPEDAL ROBOT (110)

Hakki Ozgiir Unver, hounver@etu.edu.tr, TOBB ETU
Bahram Lotfi, blotfi@etu.edu.tr, TOBB ETU

Giray Eser, geser@etu.edu.tr, TOBB ETU

Ozan Ecevit, oecevit@etu.edu.tr, TOBB ETU

ABSTRACT

State-of-the-art push recovery algorithms for bipedal robots frequently demand prohibitively expensive
and computationally intensive hardware. To address these constraints, this study introduces a two-phase
control architecture tailored for low-budget bipedal systems. Grounded in the Linear Inverted Pendulum
Model (LIPM), the framework generates nominal walking trajectories offline by employing Zero-Moment
Point (ZMP) preview control, a derivative of Model Predictive Control (MPC). For the preservation of bal-
ance during walking, real-time push recovery is facilitated by an online Linear Quadratic Regulator (LQR).
This approach validates that stability against external perturbations can be effectively achieved utilizing re-
sourceconstrained, low-cost microcontrollers.

Keywords: Development, 12-Dof bipedal robot
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HYBRID AGENTIC ROBOTICS FOR MANIPULATION TASKS: COMBINING
VISION-LANGUAGE- ACTION MODELS, GENERATIVE POLICIES, AND KNOWLEDGE
REPRESENTATION (125)

Sarper Giirbiiz, sarper.guerbuez@tum.de, Technical University of Munich

ABSTRACT

Industrial robots have traditionally relied on manually programmed task sequences and structured envi-
ronments, limiting their adaptability to changing production requirements. Recent advances in agentic artifi-
cial intelligence have enabled robotic systems to interpret high-level goals, reason about task execution, gen-
erate action plans, and adapt their behavior according to environmental changes. This review investigates
hybrid agentic robotic architectures that integrate knowledge-based reasoning with learning- based meth-
ods for robotic manipulation tasks. Knowledge representation techniques, including ontologies, knowledge
graphs, and symbolic task models, provide explicit semantic reasoning, interpretable task structures, and
constraint management [1], [2]. In contrast, Vision-Language-Action (VLA) models enable flexible percep-
tion and instruction understanding by directly mapping visual observations and natural language commands
to robot actions [4],[5]. Generative motion planning approaches, including diffusion policies and flow-based
policies, further enhance robotic autonomy by producing adaptable manipulation trajectories while repre-
senting multiple possible solutions [6], [7]. A potential hybrid framework combines these complementary
capabilities, allowing VLA models to interpret tasks, symbolic knowledge representations to support high-
level reasoning, and generative policies to execute manipulation actions. Such integration has the potential
to improve flexibility in assembly, workstation preparation, sorting, packaging, and warehouse automation.
The review also discusses current research challenges, including symbolic-to-continuous integration and gen-
eralization beyond training data. Generative planners must additionally address safety, physical feasibility,
and real-time execution requirements [7], [8]. Overall, hybrid agentic robotics represents a promising direc-
tion toward inte

Keywords: Knowledge representation, Hybrid agentic robotics, Models generative policies
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HIGH-SPEED AND ENERGY-OPTIMIZED ROBOTIC PALLET STACKING MACHINE FOR
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ABSTRACT

This study presents the development of a high-speed and energy-optimized robotic pallet stacking ma-
chine designed to overcome logistics bottlenecks in high-volume production lines and provides synchro-
nization with the production line. Manual stacking processes often present significant ergonomic risks and
operational delays, necessitating advanced automation solutions to adapt to a fast-paced manufacturing en-
vironment. The proposed system integrates optimization software which calculates the maximum number
of user-defined packages in a user-defined palette based on exact mathematical models to determine opti-
mal pallet layouts for identical boxes with 90-degree rotations. The software provides 4 palletizing options
but the final call belongs to the operator. Mechanically, the system utilizes a 4-axis modular robotic arm
(X, Y, Z, and a 360° rotary A-axis) equipped with one or multiple vacuum gripping systems. Experimental
results demonstrate a fourfold increase in energy efficiency compared to traditional methods and a stack-
ing throughput of approximately 440 packages per hour. The system allows for rapid synchronization with
production speeds and can switch between packaging states in just five seconds, providing a scalable and
efficient solution for modern industrial logistics.

Keywords: High-speed, Pallet stacking machine, Production lines
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ABSTRACT

This study presents a comprehensive, multi-stage workflow for the development of high-performance
machined springs, encompassing analytical sizing, material characterization, advanced numerical simulation,
precision manufacturing, and experimental validation. Initially, the geometry of the spring was derived uti-
lizing analytical methods directly driven by specific torque capacity, physical and rotational requirements.
The material properties of the selected C350 maraging steel were obtained from the supplier and used as
input for the numerical simulations. Utilizing the empirically derived material data, a robust numerical mod-
eling strategy was employed to evaluate and optimize the design. A dual-solver approach was utilized for this
purpose: an Implicit Finite Element Method (FEM) was first conducted to assess the static stress distribution,
yield limits, and overall structural integrity of the spring under a twisted, pre-loaded state. Subsequently,
an Explicit FEM solver was implemented to simulate the actual operational kinematics of the spring. This
explicit approach was critical for capturing highly non-linear interactions, potential coil-to-coil contacts, and
ultimately proving the fulfillment of the dynamic operational requirements. Upon numerical verification,
the prototype was fabricated. The production phase encompassed a detailed process plan utilizing precision
CNC machine tools, ensuring that the complex as-designed profile and tight geometric tolerances were accu-
rately realized. Finally, the physical prototypes were subjected to experimental torque testing on a custom
test rig. The experimental torque-rotation data were systematically compared with the numerical predic-
tions. The comparative analysis demonstrates a high correlation between the physical tests and the FEM
models, confirming that the proposed end-to-end methodology provides a highly reliable framework for the
engineering of custom machined springs.

Keywords: Machined springs, Testing, Design manufacturing
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FRICTION TORQUE LOSS IN RELATION TO FLEX THICKNESS ON ROTARY SHAFT SEALS
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ABSTRACT

In all types of machinery and mobility, friction losses from rotary shaft seals are contributing to signifi-
cant energy consumption and putting thermal strain on rotating members. This study experimentally inves-
tigates the main relationship between flex thickness of rotary shaft seal and its effect on friction torque. In
this study tests are conducted in controlled shaft speed and lubrication conditions while using seals with dif-
ferent flex thickness. Friction torque measured constantly and used to cross examine other results. Results
show clear correlation between flex thickness, radial force and friction torque.

Keywords: Flex thickness, Relation, Rotary shaft seals
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ABSTRACT

Parallel robots with configurable platforms constitute a new class of parallel robots that can perform
multi-tasking through the simultaneous operation of multiple end-effectors. This paper presents an inverse
position analysis of one such robot, namely a 4-RPR planar parallel robot with a configurable quadrilateral
platform. This four-degree-of-freedom robot has two end-effectors, each possessing two degrees of free-
dom. An analytical solution is obtained for the inverse position kinematics of this robot. A numerical example
is also provided to illustrate the solution procedure. The study contributes to the analytical developments
in the emerging area of configurable-platform parallel robots.

Keywords: Inverse position analysis, Planar parallel robot, Configurable quadrilateral platform
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ABSTRACT

This paper presents an Excel-based, real-time approach for kinematic and torque analysis of four-bar
mechanisms and their multi-system integration via a simple graphical user interface (GUI). Using node/link
tables, cell-referenced Freudenstein equations, and the Kutzbach criterion, the method models single and
coupled four-bar assemblies (common-shaft connection) without 3D geometry. Results update instantly
when parameters change, enabling rapid visualization of angular positions and required driving torque across
configurations. The approach accelerates design iteration compared with manual calculations or 3D tools.
Extensions to mechanisms with higher degrees of freedom are also discussed in the context of the study.

Keywords: Four-bar mechanism, Excel modeling, Real-time kinematic analysis
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ABSTRACT

Predicting serrated chip formation in Ti-6Al-4V is vital for optimizing aerospace machining processes,
yet conventional constitutive models often fail to capture the material’s inherent pressure sensitivity and
tension-compression asymmetry. This study investigates the implementation of the MAT_224_GYS (General
Yield Surface) material model within an LS-DYNA 2D orthogonal cutting framework. Unlike standard ana-
lytical models, the MAT_224_GYS approach utilizes tabulated experimental data to account for the complex
stress states and Lode-angle effects in the primary shear zone. Orthogonal cutting tests were conducted
at a constant cutting speed (Vc = 60 m/min) with varying uncut chip thicknesses (f = 0.05, 0.075, 0.1, 0.15
mm). Cutting and thrust forces were measured using a Kistler dynamometer to provide a high-fidelity vali-
dation baseline. The results demonstrate that incorporating a pressure-dependent yield surface significantly
enhances the prediction of the thrust force (Ft) and the Serration Index, which are traditionally underesti-
mated by von Mises-based models. This study provides a validated numerical framework for predicting the
thermo-mechanical response of Ti-6Al-4V under varying feed conditions, offering a more reliable tool for
industrial tool life and part integrity assessments.

Keywords: Ti-6al-4v, Serrated chip formation, Strain-softening constitutive models
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CUTTING FORCE MODELLING BASED ON LOCAL TOOL ANGLES AND PRIMARY AND
SECONDARY EDGE MICRO-GEOMETRY: APPLICATION TO THREADING (67)

Irati Malkorra Sarasola, irati. malkorra@gmail.com, Tivoly
Raphael Lorain, raphael.lorain@tivoly.com, Tivoly

ABSTRACT

This paper presents a modelling approach for predicting the forces acting on a tap during the threading
of 40CrMo8 steel. A detailed three-dimensional geometrical model of the tool is developed using real tool
images and industrial grinding machine parameters, enabling the representation of both macro- and micro-
scale geometrical features. The cutting edges are extracted from the model to implement an oblique cutting
force formulation capable of predicting the forces generated by both primary and secondary cutting edges
during tapping. The proposed methodology is qualitatively validated through experimental tests. The study
provides valuable insight into the mechanics of tapping operations.

Keywords: Primary, Threading, Cutting force modelling
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CHEMICAL ETCHANTS IN PCB MANUFACTURING AND WASTE MANAGEMENT OF USED
ETCHANTS - SURVEY CASE IN TURKIYE (82)
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ABSTRACT

Printed circuit boards (PCBs) are electronic components manufactured using advanced technology. In
Turkey, the production of these components is carried out by a limited number of companies. The man-
ufacturing of PCBs involves numerous process stages, and various chemical solutions are commonly used
in these stages (Fig.1). The most important stage in PCB manufacturing is the chemical etching of the thin
copper on the epoxy board. Different chemical etching agents can be used in the chemical machining of the
thin copper on the PCB. Selection of machining parameters, such as concentration, Redox, pH, process tem-
perature, are depending on the chosen chemical etchants. Additionally, there will be waste management
for used chemical etchants. This is vital to be properly handled, because environmental problems will be too
costly due to strict regulations. Therefore, the used etchants must be carefully regenerated and, if possible,
etched material should be recovered by using various recycling process. In Turkey, PCB manufacturing is car-
ried out by a limited number of companies, and efforts are being made to improve/develop the technology
used by these companies. There are also various applications for utilizing the waste chemical etching agent
after the chemical processing of the copper. In this study, contact was made with companies involved in PCB
manufacturing in Turkey, and a survey conducted with these companies was evaluated. Furthermore, inter-
views with authorized individuals in the PCB manufacturing sector and the results obtained were evaluated
in detail. A survey and discussions with expert consultants focused on the usage conditions, usage times, and
disposal of waste chemical abrasives used in the chemical processing of copper on epoxy plates.The study
aimed to identify ways to ensure environmentally friendly and sustainable manufacturing practices closely.

Keywords: Printed circuit board manufacturing, Chemical etchant, Chemical machining of copper
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EXPLORATORY MILLING OF MUONIONALUSTA IRON METEORITE USING CRN-, ALTIN-,
AND TIALN-COATED SOLID-CARBIDE END MILLS: PRELIMINARY CUTTING-FORCE
ANALYSIS (83)

Nevzat Bircan Bugdayci, bugdayci@msu.edu, Michigan State University
Hasan Sinan Bank, sinan.bank@colostate.edu, Colorado State University

ABSTRACT

This paper presents the results of an exploratory milling study conducted on Muonionalusta iron mete-
orite samples at Michigan State University in collaboration with EMUGE-Franken. Three cutter families-Aero
5 (CrN), TiNoxNF (AITiN), and Topcut (TiAIN)-were evaluated at multiple feed conditions using cutting force
signals. The signals show a clear monotonic rise of force RMS with feed for every tool family, and one con-
dition (the 6-flute cutter at the highest feed) exhibits a force spike 5-10x larger than all other tests, consis-
tent with a tool-failure event observed during the experiment. The dataset provides a systematic basis for
comparing tool performance on a compositionally heterogeneous extraterrestrial workpiece and supports
ongoing research into advanced manufacturing processes relevant to in-space resource utilization.

Keywords: Exploratory milling, Muonionalusta iron meteorite, Crn- altin-
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AN EXTENSIBLE PARAMETRIC FRAMEWORK FOR GEOMETRY-ADAPTIVE CNC
TOOLPATH GENERATION AND SIMULATION IN MULTI-ISLAND MILLING CAVITIES (84)

Yunus Kiziltepe, yunus.kiziltepe@metu.edu.tr, METU
Ulas Yaman, uyaman@metu.edu.tr, Middle East Technical University

ABSTRACT

This paper presents an extensible parametric framework for automated 2D milling toolpath genera-
tion and coverage simulation from vector DXF input within a visual programming environment. A shared,
method-agnostic preprocessing core computes safety offsets, culls stock-edge-parallel segments, and sepa-
rates closed and open contours for arbitrary multi-island cavities, then feeds a common linking, optimisation,
and simulation back-end. Any toolpath strategy plugs into this core. Two are demonstrated here: a contour-
parallel offset path with a numerically derived pass count, and a direction-parallel zig-zag. Across six test
geometries the best-matched strategy reaches 97 to 100% coverage, motivating geometry-adaptive selec-
tion over one fixed method.

Keywords: Simulation, Extensible parametric framework, Cnc toolpath generation
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MOLD-FREE INSPECTION OF CURVED SHEET-METAL WITH VISION ALIGNMENT (86)
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ABSTRACT

Conventional QC for curved sheet-metal parts in low-volume production and rapid prototyping is labor-
intensive, slow, and costly because each geometry requires dedicated single-use molds/fixtures, causing
lead time, waste, and validation bottlenecks. This paper presents a mold-free, reconfigurable 50 x 50 cm
inspection platform with 16 linear actuators that approximate the CAD-model underside, reducing tooling
cost and time. MATLAB processes STL files to compute actuator heights; Python/OpenCV with ArUco markers
aligns the part; Arduino, TB6600 drivers, and AS5600 encoders provide closed-loop control. Experiments
show +0.2 mm deviation and 25 fps vision feedback, with scalable modular actuator density.

Keywords: Curved sheet-metal, Mold-free inspection, Vision alignment
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IMPROVING TOOL TIP RESPONSE BY INTEGRATING TMD COMBINED WITH CLD INSIDE A
MILLING TOOL (90)

H. Elif Tola Demirel, hatice.tolademirel@postgrad.manchester.ac.uk, University of Manchester
Zekai Murat Kilig, zekaimurat.kilic@manchester.ac.uk, University of Manchester

ABSTRACT

Constrained layer damping (CLD) is obtained by placing a viscoelastic layer between a vibrating structure
and a stiff constraining layer that introduces a passive chatter suppression strategy in machining. When
machining vibration occurs, relative deformation between the layers produces shear strain in the viscoelastic
material, allowing vibration energy to be dissipated through not only tensile and compression strain but also
shear strain, increasing overall energy dissipation capacity. In this study, the CLD concept is combined with
a tuned mass damper (TMD) for a new cutting tool design for milling. An analytical model is established
to predict the response of the cutting tool and results shows promising improvement in tool tip Frequency
Response Functions (FRFs).

Keywords: Integrating tmd combined, Cld inside, Milling tool
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PDMS-BASED SURFACE REPLICATION FOR MICRO END MILL WEAR EVALUATION (108)
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Mohamed Hassan, mohamed.hassan@manchester.ac.uk, University of Manchester
Paulo Jds Bartolo, pbartolo@ntu.edu.sg, Nanyang Technological University

Zekai Murat Kilig, zekaimurat.kilic@manchester.ac.uk, University of Manchester

ABSTRACT

A non-destructive, low-cost method for evaluating micro end mill wear is presented using PDMS surface
replication. Two worn 0.5 mm TiSiN-coated tools are examined to demonstrate the method'’s capabilities and
limitations. Polydimethylsiloxane (PDMS) moulds are optically imaged and compared with scanning electron
microscopy of the actual tools. The replicas capture bottom-edge flank wear with reduced glare relative to
direct optical imaging. In the first tool, flank wear is reproduced with small error on one edge and moderate
underestimation on the other, while in the second tool, the wear is captured accurately on both edges,
indicating capability for near shop-floor inspection.

Keywords: Pdms-based surface replication, Mill wear evaluation
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DEVELOPMENT OF A PROCESS-CONTROLLED CALENDERING MACHINE (16)

M. Cagni Ozkader, mustafacagriozkader@hitit.edu.tr, Hitit University
Baris Cetin, cetin.baris@fnss.com.tr, FNSS Savunma Sistemleri AS
Oncii Akyildiz, oncuakyildiz@hitit.edu.tr, Hitit University

ABSTRACT

In this study, a precision-controlled prototype calendering machine was developed to enhance the fab-
rication quality of lithium-ion battery electrodes. The system was engineered to provide control over criti-
cal process parameters, such as roller speed, electrode thickness, operating temperature, and compression
force. This control infrastructure was specifically designed to balance between densification and resistive
losses, ensuring consistent electrode properties.

Keywords: Development, Process-controlled calendering machine
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DESIGN, KINEMATIC ANALYSIS, AND PERFORMANCE EVALUATION OF A BIOCLIMATIC
PERGOLA SYSTEM WITH A SINGLE-ACTUATOR SYNCHRONIZED LOUVER MECHANISM
(10)

Batuhan Aytar, baytar@pimeks.com, Pimeks Aliminyum PVC ve Metal San. Tic. A.S.
Cafer Babacan, cbabacan@pimeks.com, Pimeks Aliminyum PVC ve Metal San. Tic. A.S.

ABSTRACT

Bioclimatic pergola systems are among innovative architectural solutions that enable the year-round
comfortable use of outdoor spaces by integrating control over solar radiation, natural ventilation, and envi-
ronmental conditions. However, existing systems often involve multiple motors, complex mechanical link-
ages, and high-precision installation requirements, which introduce limitations in terms of cost, mainte-
nance, and operational continuity. In this study, a modular bioclimatic pergola system featuring a single
motor drive and an adjustable louver mechanism is presented, aiming to overcome these limitations. The
proposed system enables the simultaneous and controlled movement of all louvers through a synchronized
transmission mechanism driven by a single tubular motor. To mitigate deflection effects arising from lou-
ver connections, the system is reinforced with a grid support structure, enhancing overall rigidity. Under
summer conditions, partially open louvers promote natural air circulation and facilitate the removal of hot
air through the “stack effect,” while in winter conditions, controlled light transmittance allows for passive
heat gain. Mechanical limiters defining motion boundaries, anti-reverse locking mechanisms, and structural
profile solutions that enhance long-term stability are integrated into the system design. The modular config-
uration allows adaptation to different dimensions and functional requirements, while enabling variation in
louver materials and surface finishes. The developed prototype has been subjected to full-scale mechanical
performance and functional validation tests. The aim of this study is to demonstrate, from a mechanical de-
sign perspective, that bioclimatic pergola systems based on a single-actuator synchronized motion principle
offer an effective solution in terms of energy efficiency, user comfort, and manufacturability.

Keywords: Bioclimatic pergola system, Design kinematic analysis, Performance evaluation
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ENERGY-EFFICIENT HIGH-SPEED MOVING JAW DESIGN FOR CONTINUOUS-MOTION
VERTICAL PACKAGING MACHINES AND ADAMS-BASED DYNAMIC VALIDATION (46)

Emre Giirsoy, gursoye22@itu.edu.tr, istanbul Technical University
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ABSTRACT

This study presents the design methodology of the CMP 444 horizontal sealing system for continuous
VFFS(Vertical Form Fill Seal) machines. Focused on the flying jaw concept, the design employs a lightweight
body and timing belt drive. The mechanism incorporates a spring-supported energy recovery structure to
reduce servo motor loads and integrated damping chambers for kinetic energy absorption. Geometric op-
timization and precision alignment slots ensure high stability across extreme stroke ranges. The innovative
design offers high efficiency with reduced maintenance. This work provides a novel engineering solution for
enhancing speed and reliability in high-capacity packaging technologies.

Keywords: Moving jaw design, Vertical packaging machines, Adams-based dynamic validation
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DESIGN AND THERMAL PERFORMANCE EVALUATION OF A STONE WOOL INSULATION
COVER FOR A PVC WELDING MACHINE HEATING PLATE (51)

Yusuf Burak Agak, acak21@itu.edu.tr, Istanbul Technical University
Ramazan Akar, akar22@itu.edu.tr, Istanbul Technical University
Hiiseyin Qildir, huseyincildir@yilmazmachine.com.tr, Yilmaz Machine
Mustafa Bakkal, bakkalmu@itu.edu.tr, Istanbul Technical University

ABSTRACT

This study investigates the effect of a stone wool insulation cover on the thermal performance and cycle
time of a four-head PVC welding machine. A U-shaped cover made of izocam SL2 Stone Wool Industrial
Board was designed in SOLIDWORKS to reduce convective and radiative heat losses from the heating plate
during idle periods between welding cycles. Transient and steady-state thermal analyses were performed in
ANSYS 2022 R2 for both insulated and non-insulated configurations under identical boundary conditions. The
results show that the insulation cover reduced the time required to reach the target plate temperature of 250
°C from 500 s to 450 s, limited the average temperature drop during one minute of free cooling from 10 °C
to 2 °C, and decreased the steady-state power required to maintain the operating temperature from 337.72
W to 64.78 W, corresponding to an approximately 81% reduction in heat loss. These findings demonstrate
that the proposed cover significantly improves heating efficiency and reduces energy consumption during
idle periods.

Keywords: Design, Wool insulation cover, Thermal performance evaluation
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ADDITIVE MANUFACTURING APPLICATIONS IN MEDIUM VOLTAGE SWITCHGEAR:
DESIGN, ANALYSIS, VALIDATION, AND FUTURE CHALLENGES (32)
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ABSTRACT

This study investigates the application of additive manufacturing (AM) as a rapid prototyping approach
for medium voltage switchgear, providing an alternative to thermoset and thermoplastic designs produced
by conventional injection molding and machining. A 24 kV switchgear component has been redesigned using
Selective Laser Sintering (SLS) with PA2200 polyamide and optimized through iterative finite element analysis
targeting deformation and sealing behavior. Topology optimization, reinforcement rib integration, and bolt
layout refinement achieved up to an 86% reduction in deformation and a 50% improvement in sealing gaps,
demonstrating that AM-fabricated polymer components meet the mechanical and electrical requirements

for medium-voltage applications.

Keywords: Additive manufacturing applications, Design analysis validation, Future challenges
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ABSTRACT

Mechanical engineering constitutes a fundamental discipline within the field of technology. A disci-
pline which achieves its most significant through manufacturing processes, where conceptual designs are
converted into precise physical components. Machining is a critical process among these techniques, as it
is essential for achieving the high levels of dimensional accuracy and surface integrity demanded by mod-
ern engineering applications. The aerospace, automotive, and defense industries are critically reliant on
advanced machining processes to achieve the precise dimensional accuracies and complex geometries re-
quired by their respective applications.The success of machining processes relies heavily on the effectiveness
of workholding systems, given their direct impact on the dimensional stability and surface quality of the final
product.

Despite these critical roles, the design of machining fixtures, such as CNC vises, remains a highly complex
process that predominantly relies on a designer’s experience and implicit knowledge. The designs are mostly
dependent on the experience of the designer. To improve design efficiency, this study integrates artificial
intelligence (Al) with structural analysis to predict the mechanical behavior of a CNC vise under varying pa-
rameters. Instead of performing iterative and time-consuming Finite Element Analysis (FEA) for each design
change, the plan is to use an Al-based model to estimate the location and magnitude of maximum stress and
strain.

Keywords: Ai-driven parametric optimization, Via surrogate modeling, Customer-specific performance
indexing
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OPTIMIZING COMPUTE TIME AND MATERIAL YIELD IN CUTTING OPTIMIZATION: A
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ABSTRACT

This article discusses the use of optimization frameworks for One-Dimensional Cutting Stock Problem
(1D-CSP) in collaboration with the profile manufacturer Yilmaz Machine, to minimize material waste and
operational costs. 1D-CSP refers to a partitioning problem commonly encountered in the manufacturing
industry, where specific parts with varying sizes are to be cut from standardized stock products. Prominent
industrial approaches include Column Generation (CG) which identifies numerous solution patterns using
subsets, and Heuristic Algorithms (HA) to achieve near-optimal results for large-scale problems. This paper
focuses on a hybrid methodology that implements CG and HA to decompose the problem into a series of
Knapsack Problems to achieve high-efficiency solutions.

Keywords: Column generation, Heuristic algorithms, Optimizing compute time
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A MATHEMATICAL OPTIMIZATION APPROACH FOR MULTI-STAGE INDUSTRIAL PRINTING
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ABSTRACT

Unlike conventional assembly lines with continuous material flow, industrial printing processes are con-
strained by material dependent physical and chemical properties. When production orders, intermediate
storage allocation, and maintenance shutdowns are scheduled independently, this often creates severe bot-
tlenecks, machine blocking, and extended operational delays. This study develops a mathematical model
that jointly considers these factors to minimize the makespan, providing a structured decision-support frame-
work for industrial printing lines.

Keywords: Maintenance, Mathematical optimization approach, Industrial printing scheduling
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RESULTS (120)
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ABSTRACT

The ASTM D3359 standard is a widely used test to assess the adhesion performance of coating and paint-
ing applications on metallic substrates. Conventionally, test evaluation relies on empirical methods, which
depend heavily on visual comparisons with reference diagrams provided by the standard authority. How-
ever, with recent advancements in digital image processing, automated qualitative and quantitative analysis
can replace conventional methods swiftly and effortlessly. This study develops a dedicated MATLAB algo-
rithm designed specifically for this purpose. Because target coatings, paints, and base metals present a wide
spectrum of colors and brightness levels, preprocessing adjustments regarding thresholding algorithms and
illumination types are critical. This study evaluates these alternative digital approaches and demonstrates
the specific contributions of illumination and thresholding parameters on evaluation accuracy

Keywords: Thresholding, Digital image processing, Investigation
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ARAYICI SISTEMLERINDE PIEZO MEKANIZMASI UYGULAMASI (107)

Alican Bayram, achayram@gmail.com, Roketsan A.S.
Dogan Ugur Sakarya, dogan.sakarya@roketsan.com.tr, Roketsan A.S.

OZET

Fuze uygulamalarinda kompakt arayici tasarimi, siriikleme katsayisini azaltmak, performans/kitle
oranini artirmak ve ugus motoru performansini en Ust diizeye ¢ikarmak agisindan énemlidir. Gelenek-
sel gimbal ve titresim bastirma ¢6ziimleri flize capini ve montaj karmasikligini artirabilmektedir. Bu galis-
mada, goriintideki titresim etkilerini azaltmak ve karmasik gimbal mekanizmalarina duyulan ihtiyaci sinirla-
mak amaciyla piezo aktlatorl bir sistem ele alinmistir. Optik tasarim gergeklestirilmis, kamera, gimbal ve
piezo mekanizmasi Uretilerek laboratuvarda test edilmistir. Sistem performansi kolimator diizeneginde ve
otomatik hedef edinme algoritmasi kullanilarak titresim test profili alinda nicel olarak degerlendirilmistir.

Anahtar Kelimeler: Arayici sistemi, Piezo aktiiator, Titresim bastirma
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APPLICATION OF PIEZO MECHANISM FOR SEEKER (107)
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ABSTRACT

In missile applications, compact seeker design plays a vital role. Main reason is to reduce drag coeffi-
cient, thus to increase performance/mass ratio and maximize flight motor performance. In project timeline,
all of these factors are optimized in different phases of the project. For decades gimbals and, alternatively,
vibration/supression methods are popular. Utilizing a gimbal system can end up in an increase of the mis-
sile diameter to include complex mechanisms to eliminate vibration effect. Additionally, this requires an
increase in assembly complexity. New methods can be proposed, which are vulnerable to jitter on image.
Therefore, complex gimbal mechanisms can be removed from seeker. In order to minimize the effects from
the jitter on the image, piezo actuator system can be utilized. In this work, an optical design is conducted,
a camera module is produced. Performance of the camera module is analyzed in simulation and tested in
laboratory setup. In addition, gimbal module and piezo mechanism are produced and tested in the labora-
tory. Consequently, possible target is illustrated in the collimator system to measure the performance of the
system. Later, camera module performance is tested under the vibration test profile with automatic target
acquisition algorithm to compare results of the system quantitively. On the end, results are analyzed to show
piezo actuator effects on vibration test profile.

Keywords: Seeker, Application, Piezo mechanism
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FUZE MODAL ANALIZI iGIN YOKE BAGLI MODEL INDIRGEME (102)
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OZET

Ugus kosullarindaki modal parametrelerin dogru belirlenmesi, roket sistemlerinin aeroelastik analizi ve
ugus kontrol tasarimi igin kritik 6nemdedir. Ugus yukleri ile bosluk ve baglanti gibi yapisal dogrusal olmayan-
liklar modal davranisi degistirirken, bunlarin geleneksel sonlu eleman yéntemleriyle modellenmesi yiiksek
hesaplama maliyetine yol agmaktadir. Bu galismada civatal flanslar ve ayrilma mekanizmalarindaki yuke
bagl temas dogrusal olmayanliklarini ele alan bir model indirgeme yaklagimi sunulmustur. Simetrik yapisal
béluimlere ait yiik-yer degistirme egrileri kullanilarak montaj dogrusal olmayan yaylarla temsil edilmis; yaylar
belirli eksenel kuvvet ve egilme momentlerindeki calisma noktalarinda dogrusallastirilarak esdeger kesit rijit-
likleri elde edilmistir. ROKETSAN tarafindan gelistirilen bir fiize sistemine uygulanan yéntem, ugus ve modal
test verileriyle dogrulanmis ve dogal frekanslari %0,1-%7,4 hata araliginda tahmin etmistir.

Anahtar Kelimeler: Model indirgeme, Flize modal analizi, Temas dogrusal olmayanhgi
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ABSTRACT

Accurate identification of modal parameters under flight conditions is crucial for the aeroelastic analysis
and flight control design of rocket systems. In-flight mechanical loads and structural non-linearities, such
as clearances and joints, alter modal behavior. However, accounting for these effects through conventional
finite element methods incurs high computational costs and delays design iterations.

This paper presents a novel model reduction approach that addresses load-dependent contact non-
linearities in bolted flanges and separation mechanisms. By utilizing load-displacement curves from sym-
metric structural segments, the assembly is represented via non-linear springs. These springs are linearized
at their operational points under specific axial forces and bending moments, establishing equivalent sec-
tional stiffnesses. The method was successfully implemented on a missile system developed at ROKETSAN
A.S. Validation against flight and modal test data demonstrated that the approach predicts in-flight natural
frequencies with error margins between 0.1% and 7.4%. Ultimately, this approach successfully linearizes the
structural complexities, drastically reducing computation time through simplified equivalent models.

Keywords: Load-dependent model reduction, Missile modal analysis
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COMWO: KOMPOZIT SARGILI BASINGLI KAPLAR IGIN OTOMATIK ON iSLEME (103)

Ahmet Catalkaya, mert.catalkaya@roketsan.com.tr, Roketsan
Ekin Oktay, ekin.oktay@roketsan.com.tr, Roketsan

Ugur Giilmez, ugur.gulmez@roketsan.com.tr, Roketsan

Ayse Usta Yayla, ayse.usta@roketsan.com.tr, Roketsan

Harun Levent $ahin, levent.sahin@roketsan.com.tr, Roketsan A.S
Berkay Kochan, berkay.kochan@roketsan.com.tr, Roketsan A.S

OZET

Filament sarim yontemiyle Uretilen metal astarli kompozit tanklarin yapisal analizi, sarim geometrisin-
den kaynaklanan yerel agi ve kalinlik degisimleri nedeniyle karmasik bir modelleme siireci gerektirir. Bu galis-
mada, tasarimcidan alinan tretim proses verilerini dogrudan kullanarak farkl kesitlerin tabaka 6zelliklerini
otomatik tanimlayan CoMWo otomasyon betigi ve analitik altyapisi sunulmustur. Abaqus entegrasyonuile 6n
isleme asamasini otomatiklestiren yontem, geleneksel yaklagimlara dinamik bir alternatif olusturmaktadir.
Gelistirilen betigin dogrulugu gercek patlatma testleri ile sayisal analiz sonuglari karsilastirilarak incelenmis
ve %4,5 gibi diisik bir sapma elde edilmistir. Betikli ve betiksiz modelleme suireglerinin karsilagtiriimasi, yon-

temin yuksek dogrulugun yaninda modelleme siiresinde dnemli iyilesme sagladigini gdstermistir.

Anahtar Kelimeler: Otomatik 6n isleme, Kompozit basingl kap, Filament sarim
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COMWO: AUTOMATED PRE-PROCESSING FOR COMPOSITE OVERWRAPPED PRESSURE
VESSELS (103)

Ahmet Catalkaya, mert.catalkaya@roketsan.com.tr, Roketsan
Ekin Oktay, ekin.oktay@roketsan.com.tr, Roketsan

Ugur Giilmez, ugur.gulmez@roketsan.com.tr, Roketsan

Ayse Usta Yayla, ayse.usta@roketsan.com.tr, Roketsan

Harun Levent Sahin, levent.sahin@roketsan.com.tr, Roketsan A.S
Berkay Kochan, berkay.kochan@roketsan.com.tr, Roketsan A.S

ABSTRACT

Structural analyses of metal-lined composite tanks produced by the filament winding technique require
a complex modeling process due to local angle and thickness variations arising from the winding geome-
try. In this study, the “"CoMWo” automation script and analytical infrastructure are introduced, which stand
out by directly using manufacturing process data from the designer to automatically define the layer prop-
erties of different cross-sections. This methodology, which autonomizes the preprocessing stage through
Abaqus integration, offers a dynamic alternative to traditional approaches and similar plugins in the litera-
ture (WCM). The accuracy of the developed script was examined by comparing the results of real burst tests
conducted with numerical analyses, and a low discrepancy rate of 4.5% was obtained. Modeling processes
with and without the script were compared in terms of time efficiency. The results reveal that the CoMWo
methodology provides a highly significant optimization in modeling times along with high accuracy.

Keywords: Comwo automated pre-processing, Overwrapped pressure vessels
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SU2-NEMO KULLANILARAK TERMOKIMYASAL DENGESIZLIK ICEREN HIPERSONIK AKIS
SIMULASYONLARININ DOGRULANMASI VE UYGULANMASI (117)

Arda Dogancl, doganci.arda@gmail.com, Middle East Technical University

OZET

Bu genisletilmis 6zet, SU2-NEMO ¢6zlicisii kullanilarak gergeklestirilen termokimyasal dengesizlik igeren
hipersonik akis simiilasyonlarinin dogrulanmasini ve uygulanmasini sunmaktadir. HEG silindiri, CUBRC gift
konisi ve ELECTRE yeniden giris kapsulu; ylksek entalpili sok tabakasi akisi, sok dalgasi-laminer sinir tabaka
etkilesimi ve yeniden giris 1sinmasi agisindan incelenmistir. Uygulama bélimiinde HEXAFLY-INT konfigiirasy-
onunun iki boyutlu orta diizlem kesiti ele alinmis; reaktif, donmus ve kalorik olarak mikemmel gaz modelleri
basing, 1si akisi, sok ayrilma mesafesi, Damkohler sayisi ve termokimyasal dengesizlik etkileri bakimindan
karsilastirilmistir. Sonuglar basing tahminlerinin guvenilir oldugunu, 1s1 akisinin ise duvar katalitikligi ve mod-
elleme varsayimlarina daha duyarli oldugunu gostermektedir.

Anahtar Kelimeler: Hipersonik akis, Termokimyasal dengesizlik, Su2-nemo
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VALIDATION AND APPLICATION OF HYPERSONIC FLOW SIMULATIONS WITH
THERMOCHEMICAL NONEQUILIBRIUM USING SU2-NEMO (117)

Arda Dogancl, doganci.arda@gmail.com, Middle East Technical University

ABSTRACT

This extended abstract presents the validation and application of thermochemical-nonequilibrium
hypersonic-flow simulations using SU2-NEMO. The HEG cylinder, CUBRC double cone, and ELECTRE re-entry
capsule assess high-enthalpy shock-layer flow, shock-wave/laminar-boundary-layer interaction, and flight-
based re-entry heating. A two-dimensional mid-plane section of HEXAFLY-INT is then studied. Reacting,
frozen, and calorically perfect-gas models are compared for pressure, heat flux, shock stand-off distance,
Damkdhler number, and nonequilibrium effects. SU2-NEMO predicts pressure distributions reliably, while
heat flux is more sensitive to wall catalycity, separated-flow heating, and modeling assumptions. Reactive-
chemistry effects increase with velocity and decreasing altitude, particularly for stagnation-point heat flux
and shock-layer structure.

Keywords: Hypersonic flow, Thermochemical nonequilibrium, Su2-nemo

135



? 21°" International Conference on Machine Design and Production
19-21 August 2026, Istanbul, Turkiye

KURUM iGl VE TICARI ARAGLARLA YUKSEK HIZLI AERODINAMIK VERITABANININ HIZLI
OLUSTURULMASI (118)

Cumhur Dikmen, dikmencumhursefa95@gmail.com, ROKETSAN
Yagiz Ataberk Eristi, ATABERK.ERISTI@roketsan.com.tr, ROKETSAN
Sileyman Semih Altintas, SEMIH.ALTINTAS@ROKETSAN.COM.TR, ROKETSAN

OZET

Yuksek hizli tehditleri modelleyen arag tasarimlari, karmasik ugus kosulu matrislerini kapsayan genis
aerodinamik veritabanlari gerektirir. Bu kosullar igin yliksek kaliteli RANS CFD sonuglarinin tretilmesi 6nemli
zaman ve hesaplama kaynagi gerektirmektedir. Bu ¢alismada, genel bir yliksek hizli arag i¢in aerodinamik ver-
itabani olusturmak amaciyla CFD verilerini Kriging Gst modelleriyle birlestiren kurum igi ve ticari cerceveler
karsilastirilmistir. Python tabanli kurum igi arag ile ANSYS optiSLang kullanilarak aerodinamik katsayi tah-
minleri igin iki stireg gelistirilmistir. Sonuglar, Kriging tabanli yaklagimlarin ugus ¢6zim matrisindeki hesa-
planmamis noktalari etkili bigimde tahmin ettigini; yunuslama momenti katsayisinda en fazla %4,5, diger
katsayilarda ise daha diisiik sapmalar sagladigini géstermistir.

Anahtar Kelimeler: Aerodinamik veritabani, Kriging, Yiksek hizl arag
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RAPID GENERATION OF A HIGH-SPEED AERODYNAMIC DATABASE USING IN-HOUSE
AND COMMERCIAL TOOLS (118)

Cumhur Dikmen, dikmencumhursefa95@gmail.com, ROKETSAN
Yagiz Ataberk Eristi, ATABERK.ERISTI@roketsan.com.tr, ROKETSAN
Siileyman Semih Altintas, SEMIH.ALTINTAS@ROKETSAN.COM.TR, ROKETSAN

ABSTRACT

The vehicle design to model high-speed threats requires extensive aerodynamic database efforts, which
typically involve complex matrices of flight conditions. However, generating high-quality RANS CFD results
for these combinations entails significant constraints regarding time and computational resources. Surro-
gate modeling has emerged as an efficient and robust alternative to explore the design space with a reduced
number of CFD simulations. This paper compares in-house and commercial frameworks that integrate CFD
data with Kriging metamodels to construct an aerodynamic database for a generic high-speed vehicle. The
methodology utilizes a custom in-house Python-based tool alongside ANSYS optiSLang software to consol-
idate the prediction processes of aerodynamic coefficients. Two alternative processes are developed and
compared in terms of their accuracy and predictive capability. The results demonstrate that the proposed
Kriging-based approaches effectively capture the unresolved locations of the flight solution matrix, achieving
a maximum deviation of 4.5% for the pitching moment coefficient, with even lower error margins observed
for other aerodynamic coefficients. This provides a satisfactory and computationally efficient foundation for
high-speed design exploration and database generation purposes.

Keywords: In-house, Rapid generation, High-speed aerodynamic database
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TEL BESLEMELI EKLEMELI IMALAT ILE HAFIF YAPISAL BILESENLERIN URETIMI (98)

Tansu Goyniik, tansu.altunbasak@roketsan.com.tr, ROKETSAN A.S.
Gokhan Can, gcan@roketsan.com.tr, ROKETSAN A.S.

Murat Yiicel, murat.yucel@roketsan.com.tr, ROKETSAN A.S.
Oguzcan Dedeci, oguzcan.dedeci@roketsan.com.tr, ROKETSAN A.S.

OZET

Bu galisgmada ER2319 aliminyum telden giiglendiricili hafif yapilarin tel beslemeli eklemeli imalat ile
butilnlesik Gretimi incelenmisti. CMT Additive prosesiyle 600 mm ¢ap ve boya sahip iki silindirik gévde
Uretilmis, takim yollari gevrimdisi robot similasyonuyla dogrulanmistir. Bilgisayarli tomografi, lazer tarama,
mikroyapi, sertlik ve gekme testleri uygulanmistir. Uretildigi durumdaki yiizeyde gériiniir CT porozitesi %3
olarak belirlenmis ve ylzey purtzlGligunin siniflandirmayi etkiledigi gérilmustir. Cozindlrme ve yapay
yaslandirma sonrasinda boyutsal sapmalar -1,0/+0,4 mm; ortalama akma ve ¢ekme dayanimlari sirasiyla 260
ve 330 MPa olarak 6lgtlmustur. Bulgular proses, takim yolu, isil islem ve dogrulamanin butinlesik bir Gretim
zinciri olarak yonetilmesi gerektigini géstermektedir.

Anahtar Kelimeler: Tel beslemeli eklemeli imalat, Er2319 aliminyum, Proses dogrulama
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PRODUCTION OF LIGHTWEIGHT STRUCTURAL COMPONENTS BY WIRE ARC ADDITIVE
MANUFACTURING (98)

Tansu Goynlik, tansu.altunbasak@roketsan.com.tr, ROKETSAN A.S.
Gokhan Can, gcan@roketsan.com.tr, ROKETSAN A.S.

Murat Yiicel, murat.yucel@roketsan.com.tr, ROKETSAN A.S.
Oguzcan Dedeci, oguzcan.dedeci@roketsan.com.tr, ROKETSAN A.S.

ABSTRACT

This study investigates the integrated Wire Arc Additive Manufacturing (WAAM) of reinforced
lightweight structures using ER2319 aluminum wire. Two cylindrical bodies, 600 mm in diameter and height,
were produced by CMT Additive, and their toolpaths were verified by offline robot simulation. Computed
tomography, laser scanning, microscopy, hardness, and tensile tests were applied. Apparent CT porosity on
the as-built surface was 3%, with surface roughness affecting classification. After solution treatment and ar-
tificial aging, dimensional deviations were -1.0/+0.4 mm; average yield and ultimate tensile strengths were
260 and 330 MPa. The findings demonstrate that process, toolpath, heat treatment, and verification should
be managed as an integrated production chain.

Keywords: Wire arc additive manufacturing, Er2319 aluminum, Process verification
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YUKSEK GUVENILIRLIKLI IMALATTA URETIM VE KALITE GUVENCESI IGIN ENDUSTRIYEL
YAPAY ZEKA UYGULAMALARI (106)

Mehmet Can Baytekin, mehmetcan.baytekin@gmail.com, ROKETSAN A.S.
Beyzanur Zeybek, beyzanurzeybek2002@gmail.com, ROKETSAN A.S.

OZET

Bu bildiri, Roketsan’da yiiksek glvenilirlikli imalatta Gretim ve kalite glivence sireglerini gelistirmek
amaciyla yuratilen enduUstriyel yapay zeka galismalarini sunmaktadir. Uygulamalar; gorsel kusur tespiti,
gorsel-dil modeli destekli parga muayenesi, kontrol listesi tabanli teknik resim incelemesi, video tabanl
proses anomalisi tespiti ve dogal dil isleme ile kalite kayitlarinin analizini kapsamaktadir. Her uygulama igin
veri Ozellikleri, model se¢imi, devreye alma kisitlari ve proses etkisi degerlendirilmistir. Glvenli sirket igi or-
tam nedeniyle veri glivenligi, insan dogrulamasi ve mevcut tretim akislariyla entegrasyon ele alinmis; kestir-
imci bakim, gercek zamanli izleme, kdk neden analizi ve bitinlesik karar destek sistemleri gelecek ¢alismalar
olarak sunulmustur.

Anahtar Kelimeler: Endustriyel yapay zeka, Kalite glivencesi, Gérsel muayene
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INDUSTRIAL Al APPLICATIONS FOR PRODUCTION AND QUALITY ASSURANCE IN
HIGH-RELIABILITY MANUFACTURING (106)

Mehmet Can Baytekin, mehmetcan.baytekin@gmail.com, ROKETSAN A.S.
Beyzanur Zeybek, beyzanurzeybek2002@gmail.com, ROKETSAN A.S.

ABSTRACT

This paper presents ongoing industrial artificial intelligence studies conducted at Roketsan to improve
production and quality assurance processes in high-reliability manufacturing. The study covers both im-
plemented applications and planned extensions within a unified industrial Al roadmap. Implemented use
cases include computer-vision-based visual defect detection on manufactured parts, vision-language-model-
assisted inspection of components, checklist-based technical drawing review, video-based process anomaly
detection, and natural-language-processing-based analysis of quality records. For each use case, the paper
discusses the problem definition, data characteristics, model or pipeline selection, deployment constraints,
and observed process impact. The applications are evaluated through indicators such as inspection time re-
duction, defect detection performance, standardization of expert decisions, traceability improvement, and
decreased manual review effort. Since the studies are deployed or evaluated within a secure on-premise
environment, data security, human-in-the-loop verification, and integration with existing production work-
flows are also considered. Finally, the paper presents future extensions including predictive maintenance,
real-time process monitoring, automated root-cause analysis, and integrated decision support systems for
production and quality management.

Keywords: Industrial ai, Quality assurance, Visual inspection
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MODERN SAVUNMA SISTEMLERININ YASAM DONGUSU BOYUNCA YAPAY ZEKA
DESTEKLI KARAR DESTEGI: ALANA OZGU UYGULAMALAR VE BENIMSEME
GUGLUKLERI (109)

Hiseyin Avni Yasar, avni.yasar@metu.edu.tr, Roketsan
Abdurrahman Dogru, a.dogru45®@icloud.com, TOBB

OZET

Modern savunma sistemleri; gereksinim, tasarim, yliksek dogruluklu analiz, Gretim, entegrasyon, test,
dogrulama, kalifikasyon ve saha geri bildirimini kapsayan esgiidiimli yasam dongusu faaliyetleri gerektirir. Bu
¢alisma yapay zekayi bes karar destek rolui altinda inceler: hizli tahmin ve analiz hizlandirma, tasarim uzayinin
taranmasi, model-similasyon-lretim-test verilerinin bitinlestirilmesi, durum ve anomali degerlendirmesi
ile kanit ve izlenebilirligin iliskilendirilmesi. Farkli savunma alanlarindan 6rnekler yontemin alanlar arasinda
aktarilabilecegini, ancak dogrulama gerekgesinin kararin niteligi ve hata sonucuna gore yeniden kurulmasi
gerektigini gostermektedir. Seyrek ve gizli veri, ekstrapolasyon, fiziksel tutarhlk, belirsizlik, denetlenebilir-
lik ve arag zinciri entegrasyonu temel gugliiklerdir. Yapay zeka, fizik tabanh analiz ve mihendislik yargisini
tamamlayan dogrulama duyarl bir karar destek katmani olarak konumlandiriimaktadir.

Anahtar Kelimeler: Yapay zeka, Karar destegi, Savunma sistemleri
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AI-ENABLED DECISION SUPPORT ACROSS THE LIFECYCLE OF MODERN DEFENSE
SYSTEMS: DOMAIN-SPECIFIC APPLICATIONS AND ADOPTION CHALLENGES (109)

Hiseyin Avni Yasar, avni.yasar@metu.edu.tr, Roketsan
Abdurrahman Dogru, a.dogru45@icloud.com, TOBB

ABSTRACT

Modern defense systems require coordinated lifecycle activities spanning requirements, design, high-
fidelity analysis, production, subsystem integration, testing, verification, qualification, and field feedback.
The engineering value of Al depends less on the algorithm itself than on the decision it supports, the conse-
quence of error, and how its output can be verified. This paper presents a structured review and perspective
organized around five recurring engineering decision-support roles: rapid prediction and analysis accelera-
tion; design-space screening and critical-case prioritization; integration of models, simulations, production,
and test data; condition, deviation, and anomaly assessment; and linkage of evidence, traceability, and en-
gineering knowledge. Applications from aerodynamic and aerothermal design, structural and protective
systems, propulsion and combustion, energetic and pyrotechnic subsystems, electromechanical and sen-
sor systems, production/quality feedback, and test and qualification are used as domain-specific examples.
The cited studies are selected to representatively cover major decision-support roles across the lifecycle;
the framework complements discipline-specific reviews. The review argues that method families can trans-
fer across domains, whereas the validation argument cannot be transferred without considering the sup-
ported decision, lifecycle stage, and consequence of model error. Key adoption challenges include sparse
and confidential data, extrapolation, physical consistency, uncertainty, model-test correlation, auditability,
and toolchain integration. Al is therefore positioned as a validation-aware decision-support layer that com-
plements physics-based analysis, testing, and engineering judgment through explicit validity bounds, evi-
dence, uncertainty information, and expert review.

Keywords: Artificial intelligence, Decision support, Defense systems
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MODERN SAVUNMA SISTEMLERININ TASARIM DOGRULAMA SUREGLERI (101)
Senem Giiciiyener, senem.gucuyener@roketsan.com.tr, ROKETSAN

OZET

Tasarim dogrulama sureci tim sistem/altsistem gereksinimlerinin Sistem/Altsistem Gelistirme Sart-
namelerinde belirtilen dogrulama yontemleri ile dogrulandigi sliregtir. Bu slrecin basari ile tamamlanmasi
Urtin ve Gretim hatti kalifikasyon siirecine gegis igin zorunludur. Bu bildiride modern savunma sistemlerinin
tasarim dogrulama suregleri hakkinda bilgi verilmektedir.

Anahtar Kelimeler: Tasarim dogrulama, Savunma sistemleri, Kalifikasyon
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DESIGN VERIFICATION PROCESSES OF MODERN DEFENSE SYSTEMS (101)
Senem Giiciiyener, senem.gucuyener@roketsan.com.tr, ROKETSAN

ABSTRACT

Design verification is the process by which all system and subsystem requirements are verified using
the methods specified in the System/Subsystem Development Specifications. Successful completion of this
process is mandatory before proceeding to product and production-line qualification. This paper provides
an overview of design-verification processes for modern defense systems.

Keywords: Design verification, Defense systems, Qualification
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GELISEN SAVUNMA SANAYII STANDARTLARINDA ENTEGRASYON TEST ALTYAPISI
YAKLASIMLARININ GELISTIRILMESI (100)

Serkan Oztiirk, serkan.ozturk@roketsan.com.tr, Roketsan

OZET

Bu g¢alisma, Tirk savunma sanayiinin tasarim ve seri Uretim asamalarindaki sikisik takvim ve yliksek
maliyet kisitlarini ele almak amaciyla bitiinlesik, hiyerarsik ve otomatik test mimarisi yaklagimlari sunmak-
tadir. Dort yontem ele alinmistir: test sistemi tasariminda ortak altyapi ve yerlilestirme, yiiksek teknoloji ol-
gunluk seviyeli operasyonel aviyoniklerin erken asamada entegrasyonu, System-in-the-Loop darbogazlarini
azaltan Algorithm-in-the-Loop platformlari ve CI/CD hatlarina entegre test sistemi otomasyonu. Bu yon-
temler test altyapilarini gegici dogrulama araglarindan tekrarlanabilirligi ve ortakligi saglayan, sistem yasam
dongusi boyunca gevik miihendisligi destekleyen stratejik Urtinlere donlstirmektedir.

Anahtar Kelimeler: Entegrasyon testi, Test otomasyonu, Savunma sistemleri
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DEVELOPING INTEGRATION TEST INFRASTRUCTURE APPROACHES IN EVOLVING
DEFENSE INDUSTRY STANDARDS (100)

Serkan Oztiirk, serkan.ozturk@roketsan.com.tr, Roketsan

ABSTRACT

This study presents integrated, hierarchical, and automated test architecture approaches to address
tight schedules and high-cost constraints in the design and serial production phase of the Turkish defense in-
dustry. Four methodological approaches are introduced: common infrastructure and localization in test sys-
tem design, early-stage integration of high-TRL operational avionics, Algorithm-in-the-Loop (AIL) platforms
to alleviate System-in-the-Loop bottlenecks, and test system automation integrated into CI/CD pipelines.
These methodologies transform test infrastructures from temporary verification tools into living strategic
products, ensuring repeatability, commonality, and driving agile engineering processes across the system
lifecycle.

Keywords: Integration testing, Test automation, Defense systems
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WASPALOY SUPERALASIMININ DOVULEBILIRLIGI VE TERMO-MEKANIK DAVRANISI
UZERINE DENEYSEL BIiR GALISMA (6)

Ceren Tagyildiz, me.cerenuzun@gmail.com, istanbul Teknik Universitesi
Canan Gamze Giileryiiz Parasiz, guleryuzca@itu.edu.tr, istanbul Teknik Universitesi
Turgut Giilmez, gulmezt@itu.edu.tr, istanbul Teknik Universitesi

OZET

Bu ¢alismada, nikel esasli Waspaloy stiperalasiminin sicak dévilebilirligi, laboratuvar 6lgekli karakteriza-
syondan endistriyel dogrulamaya uzanan bitincil bir yaklagsimla incelenmistir. Gleeble sicak basma deney-
leriyle akma egrileri belirlenmis, proses haritasi olugturulmustur. Guvenli sekillendirme penceresi esas alinip
sonlu elemanlar analizlerinin de yardimiyla tav siresi, kalip sicakligi ve operasyon sayisi optimize edilmis;
tasarlanan sicak kalip dévme prosesi hidrolik preste endustriyel 6lgekte uygulanmistir. Dévme ve 1sil islem
sonucunda ylizey kusuru icermeyen, mekanik ozellikleri iyilesmis parcalar elde edilmistir. Sonuglar, proses
haritalama ve sayisal modellemenin dévme proses tasarimi igin givenilir bir arag¢ oldugunu gostermektedir.

Anahtar Kelimeler: Waspaloy, Sicak dévme, Proses haritalama

150



? 21°" International Conference on Machine Design and Production
19-21 August 2026, Istanbul, Turkiye

AN EXPERIMENTAL STUDY ON THE FORGEABILITY AND THERMOMECHANICAL
BEHAVIOR OF WASPALOY SUPERALLOY (6)

Ceren Tagyildiz, me.cerenuzun@gmail.com, istanbul Teknik Universitesi
Canan Gamze Giileryiiz Parasiz, guleryuzca@itu.edu.tr, istanbul Teknik Universitesi
Turgut Giilmez, gulmezt@itu.edu.tr, istanbul Teknik Universitesi

ABSTRACT

This study investigates the hot forgeability of the nickel-based Waspaloy superalloy through an inte-
grated approach extending from laboratory characterization to industrial validation. Flow curves and a pro-
cess map were obtained by Gleeble hot-compression tests. Based on the safe forming window and finite-
element analyses, soaking time, die temperature, and the number of operations were optimized, and the
designed hot-die forging process was implemented on an industrial hydraulic press. Forging and heat treat-
ment produced defect-free parts with improved mechanical properties. The results demonstrate that pro-
cess mapping and numerical modeling are reliable tools for forging-process design.

Keywords: Waspaloy, Hot forging, Process mapping

151



? 21°" International Conference on Machine Design and Production
19-21 August 2026, Istanbul, Turkiye

CAM ELYAF TAKVIYELI PARA MALZEMEDEN URETILEN PARGADA RING YOLLUK
TASARIMININ AKIS DAVRANISI VE CARPILMA UZERINDEKI ETKISININ ARASTIRILMASI
(76)

Murat Kaya, mmuratkaya615@gmail.com, ETKA-D OTOMOTIV
Samet Tiirkileri, sametturkileril6@gmail.com, ETKA-D OTOMOTIV

OZET

Cam elyaf takviyeli poliarilamid (PARA) malzemelerin enjeksiyon kaliplama prosesinde akis dengesi-
zlikleri, carpilma ve yiizey kusurlarina neden olabilmektedir. Bu g¢alismada, ring yolluk tasariminin akis
davranisi ve boyutsal kararlilik Gizerindeki etkileri incelenmistir. Tek girisli ve dort girisli ring yolluk tasarimlari
Moldex3D analizleri ile karsilastiriimis, sonuglar tretim denemeleri, CMM o6lglimleri ve {i¢ boyutlu tarama
yontemleriyle dogrulanmistir. Bulgular, ring yolluk tasariminin akis dengesini iyilestirdigini, ¢arpilmayi yak-
lasik %25 azalthgini ve gevrim siresini 10 saniye kisaltbgini géstermektedir.

Anahtar Kelimeler: Ring yolluk, Para, Enjeksiyon kaliplama
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INVESTIGATION OF THE EFFECTS OF RING-RUNNER DESIGN ON FLOW BEHAVIOR AND
WARPAGE IN A GLASS-FIBER-REINFORCED PARA PART (76)

Murat Kaya, mmuratkaya615@gmail.com, ETKA-D OTOMOTIV
Samet Tiirkileri, sametturkileril6@gmail.com, ETKA-D OTOMOTIV

ABSTRACT

Flow imbalances during the injection molding of glass fiber reinforced polyarylamide (PARA) materi-
als may cause warpage and surface defects. This study investigates the effects of a ring runner design on
flow behavior and dimensional stability. Conventional single-gate and four-gate ring runner designs were
compared using Moldex3D simulations, and the results were validated through production trials, coordinate
measuring machine (CMM) measurements, and three-dimensional scanning. The findings indicate that the
ring runner design improves flow balance, reduces warpage by approximately 25%, and shortens the cycle
time by 10 seconds.

Keywords: Ring runner, Para, Injection molding
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HIBRIT IMALAT YONTEMLERI UZERINE NOTLAR (87)

Orhan Gakir, orhanc@yildiz.edu.tr, Yildiz Technical University

Tugge isgiizar, tugceisquzar@gmail.com, Mir Ar-Ge

Necdet Yakut, necdetyakut@aydin.edu.tr, istanbul Aydin Universitesi

Mohammad Zaher Akkad, mohammad.akkad@std.yildiz.edu.tr, Yildiz Technical University

OZET

Glinimdizde imalat teknolojileri konusunda gelismeler yeni ve farkh 6zelliklere sahip bir doneme gir-
migtir. 1990’lardan itibaren, hibrit imalat yontemleri konusunda baglayan g¢alismalar, glinimuzde ¢ok biyik
asamalar kat ederek yeni ve cazip imalat yontemleri olarak karsimiza ¢gikmaktadir. Son 20 yilda yapilan galis-
malarin miktari ve endistriyel uygulanabilirlikleri ile dikkat ceken bu yontemler tizerine farkli yaklasimlarin
ortaya ciktig gérilmektedir. Karmagsik geometrik sekillerin tiretiminde, ¢ok sayida islem parametresinin es
zamanli olarak kontrol edilmesini gerektiren hibrit imalat yontemlerinden yararlaniimaktadir. Hibrit Gretim,
the International Academy for Production Engineering (CIRP) tarafindan “iki veya daha fazla Gretim teknolo-
jisini yeni bir sistemde birlestirerek her yontemin avantajlarini entegre bir sekilde kullanma yetenegi” olarak
tanimlanmaktadir [1]. Baska bir deyisle, hibrit Gretim, ayni isleme bolgesinde farkh (kimyasal, fiziksel, kon-
trolli) isleme prensiplerinin es zamanl olarak uygulanmasidir [2]. Hibrit teknolojinin gelismesiyle birlikte,
yenilikgi ve alternatif Gretim yontemleri geleneksel tretim yontemlerinin yerini almistir. Maliyet faktoriine
ek olarak, geleneksel Gretim ydntemlerinin Uretim siirecinde yarattigi zorluklar ve sorunlar, yeni Gretim yon-
temlerine yonelme egilimine yol agmistir. Hibrid imalat yontemlerinin endustriyel kullanimlarinin genisligi
ve ortaya cikarthigl olumlu avantajlarin degerlendirildigi bu calismada, bu yontemlerin gevresel duyarhhk ve
stirdiirebilirlik konulari da dikkate alinarak detayli degerlendirmeler yapilmistir. Ozellikle imalat diinyasinda
yeniden tanimlamalarin yapildigi bu donemde, modern imalat yontemleri kapsaminda degerlendirilen hibrit
imalat yontemlerinin gelecekteki potansiyeli, bu yontemlere uygun tezgahlarin ortaya ¢ikmasi ile daha fazla
potansiyele sahip olmali beklenmektedir. Detayli literatiir arastirmasinin, konu kapsaminda ¢ikan dort kitap
[3-6], verilmesi amaglanmigtir.

Anahtar Kelimeler: Hibrit imalat, Modern imalat yontemleri, Stirdurilebilirlik
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NOTES ON HYBRID MANUFACTURING METHODS (87)

Orhan Gakir, orhanc@yildiz.edu.tr, Yildiz Technical University

Tugge isgiizar, tugceisquzar@gmail.com, Mir Ar-Ge

Necdet Yakut, necdetyakut@aydin.edu.tr, istanbul Aydin Universitesi

Mohammad Zaher Akkad, mohammad.akkad@std.yildiz.edu.tr, Yildiz Technical University

ABSTRACT

Hybrid manufacturing has developed rapidly since the 1990s and has become an attractive route for
producing complex geometries that require simultaneous control of many process parameters. CIRP de-
fines hybrid manufacturing as combining two or more manufacturing technologies in a new system so that
their advantages are used in an integrated manner; different chemical, physical, or controlled principles may
operate simultaneously in the same processing zone. This review evaluates the industrial scope, benefits,
environmental sensitivity, and sustainability of hybrid methods and discusses their future potential as suit-
able machine tools and integrated processes continue to emerge.

Keywords: Hybrid manufacturing, Advanced manufacturing, Sustainability
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ATMOSFERIK BASINGLI SOGUK PLAZMA UYGULAMASININ CFRP KOMPOZITIN YUZEY
ISLANABILIRLIGINE VE YAPISTIRMA BAGLANTILARINA ETKISININ INCELENMESI (91)

Yunus Emre Nehri, yunusnehri@balikesir.edu.tr, Balikesir Universitesi
Tiirker Tiirkoglu, turker.turkoglu@balikesir.edu.tr, Balikesir Universitesi
Ali Oral, a.oral@balikesir.edu.tr, Balikesir Universitesi

Kadir Cavdar, cavdar@uludag.edu.tr, Bursa Uludag Universitesi

OZET

Bu ¢alismada, Karbon Fiber Destekli Polimer kompozit malzemelerin yiizey islanabilirligi ve yapistirma
performansini gelistirmek amaciyla atmosferik basingli soguk plazma uygulamasinin etkileri arastirilmistir.
Plazma uygulama mesafesi (10, 15 ve 20 mm) ile uygulama sayisi (3, 5 ve 7 paso) islem parametresi olarak
segilmis ve tam faktoriyel deney tasarimi uygulanmigtir. Plazma islemi sonrasinda ytizeylerin islanabilirligi
temas agisi dlglimleriyle degerlendirilmis, ardindan tek kademeli bindirme numuneleri olusturulup, ¢ekme
testine tabi tutularak bindirme kayma dayanimi degerleri belirlenmistir. Plazma uygulanmamis numunelerde
temas agisi 85,8° olarak oélgullrken, plazma uygulanan numunelerde ortalama temas agisi 49,1° olarak elde
edilmistir. Plazma uygulanmamis numunelerde bindirme kayma dayanimi 14,06 N/mm?2 iken, plazma uygu-
lanan numunelerde ortalama dayanim 15,2 N/mm?2 olarak belirlenmistir. Atmosferik basingh soguk plazma
uygulamasinin yizey islanabilirligini artirdigi ve yapistirma baglantilarinda mekanik performansi iyilestirdigi
gorualmastar.

Anahtar Kelimeler: Soguk plazma, Cfrp, Yapistirma baglantisi
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EFFECT OF ATMOSPHERIC-PRESSURE COLD PLASMA ON THE SURFACE WETTABILITY
AND ADHESIVE JOINTS OF CFRP COMPOSITES (91)

Yunus Emre Nehri, yunusnehri@balikesir.edu.tr, Balikesir Universitesi
Tiirker Tiirkoglu, turker.turkoglu@balikesir.edu.tr, Balikesir Universitesi
Ali Oral, a.oral@balikesir.edu.tr, Balikesir Universitesi

Kadir Cavdar, cavdar@uludag.edu.tr, Bursa Uludag Universitesi

ABSTRACT

Atmospheric-pressure cold plasma was investigated to improve the wettability and adhesive perfor-
mance of CFRP composites. Treatment distance (10, 15, and 20 mm) and number of passes (3, 5, and 7)
were varied in a full-factorial design. Wettability was assessed through contact-angle measurements, and
single-lap specimens were tensile tested to determine lap-shear strength. The untreated contact angle of
85.8 degrees decreased to an average of 49.1 degrees after treatment, while average lap-shear strength
increased from 14.06 to 15.2 N/mm?2. The results show that cold-plasma treatment improves both surface
wettability and joint performance.

Keywords: Cold plasma, Cfrp, Adhesive bonding
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ADR34 GEREKLILIKLERINE GORE FARKLI TEL TASARIMLARI iGIN UST BAGLANTI
BOLGESININ YAPISAL ANALIZI (31)

Esra Yalginsoy, esrayalcinsoy83@gmail.com, MARTUR FOMPAK INTERNATIONAL

OZET

ADR34 (Australian Design Rule), Avustralya’da arag gtivenlik gerekliliklerini tanimlayan ve ¢ocuk koltugu
baglanti noktalarinin dayanim kriterlerini iceren bir regililasyondur. Bu g¢alismada, ADR34 gereklilikleri
dogrultusunda M1 sinifi 40/60 oranli bir arag koltugunun sonlu elemanlar analizi gergeklestirilmistir. Top
Tether baglantisinin koltuk sirt tel yapisi tGzerinde konumlanmasi nedeniyle ¢alismada, koltugun arka sirt
bolgesindeki tel yapisina odaklanmistir. Calisma kapsaminda g farkli tel opsiyonu degerlendirilmistir.
Surekli dikey telli yapi “A Tasarimi”, yarim telli yapi “B Tasarimi” ve telsiz yapi ise “C Tasarimi” olarak ad-
landinimistir. Koltugun arka sirt bolgesi, %60’lik kesitte bu g tasarim ayni yiikleme ve sinir kosullari alinda
karsilastirilmistir. Analiz modeli Altair HyperMesh ortaminda olusturulmus olup, koltugun yapisal bitin-
gl ve plastik deformasyon davranislari incelenmistir. Top Tether baglantisi, ¢arpisma sirasinda olusan
yuklerin koltuk yapisina giivenli sekilde iletiimesini saglayan kritik bir giivenlik bilesenidir. Bu g¢alismada,
ADR34 standardi gereklilikleri esas alinarak yalnizca Top Tether baglanti bélgesinin yapisal dayanimi deger-
lendirilmistir. Top Tether baglantisinin dogrudan arag gévdesi yerine koltuk sirt yapisina entegre edildigi
durumlarda, ADR 34/03 Clause 11 kapsaminda ek dayanim gereklilikleri tanimlanmaktadir. Bu dogrultuda
analizlerde, Top Tether’dan kaynaklanan en az 3.4 kN'luk kuvvete ek olarak koltugun toplam agirhginin yirmi
katina karsilik gelen yapisal yiik dikkate alinmistir. Elde edilen sonuglara gére B Tasarimi ve C Tasarimi igin
koltuk sirt telinde kritik seviyede gerinmeler olustugu gézlemlenmistir. SAE 1008 malzemesinin mekanik 6zel-
likleri dikkate alindiginda, bu gerinme degerlerinin kabul edilebilir sinirlarin Gzerinde oldugu belirlenmistir. A
Tasarimi’'nda elde edilen maksimum gerinme degerlerinin malzeme siniri olan %20 degerinin oldukga altinda
kaldigi géralmusgtar.

Anahtar Kelimeler: Adr34, Top tether, Sonlu elemanlar analizi
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STRUCTURAL ANALYSIS OF THE TOP-TETHER REGION FOR DIFFERENT WIRE DESIGNS
ACCORDING TO ADR34 REQUIREMENTS (31)

Esra Yalginsoy, esrayalcinsoy83@gmail.com, MARTUR FOMPAK INTERNATIONAL

ABSTRACT

ADR34 defines Australian vehicle-safety requirements, including strength criteria for child-seat anchor-
age points. This study performs finite-element analysis of a 40/60 split M1-class vehicle seat and focuses on
the rear-seatback wire structure carrying the Top Tether connection. Three concepts-a continuous vertical
wire, a half wire, and a wire-free design-were compared under identical loads and boundary conditions in
Altair HyperMesh. In accordance with ADR 34/03 Clause 11, the model included at least 3.4 kN from the
Top Tether plus a structural load equal to twenty times the seat mass. The half-wire and wire-free designs
produced critical strains above the acceptable range of SAE 1008, whereas the continuous-wire design re-
mained well below the 20% material limit.

Keywords: Adr34, Top tether, Finite-element analysis

159



? 21°" International Conference on Machine Design and Production
19-21 August 2026, Istanbul, Turkiye

SAVAS GEMILERINDE PATLAMA YUKLERI ALTINDA DONER TABLA RULMANLARININ
KARSILASTIRMALI DAYANIM VE OMUR ANALIZi (68)

Alperen Giizel, alperenguzel093@gmail.com, Gedik Univeristesi
Yavuz Kayihan, yavuzkayihan@itu.edu.tr, ITU
Mete Kayihan, kayihanm@itu.edu.tr, ITU

OZET

Calismada blast etkisi altinda tek sira ve gift sira bilyali, makaral déner tabla rulmanlarinin yik tasima
kabiliyeti, temas karakteri, esdeger dinamik yiik ve 1SO 281 temel dmir yaklasimi bakimindan karsilastiriidi.
Analizde sabit patlama mesafesinde ti¢ TNT ylkiindeki tehdit senaryolari degerlendirildi. Mesafe yaklagimi
ile blast siddeti siniflandirildi ve rulmana aktarilan tasarim kuvvetleri hesaplandi. Ardindan farkli rulman
tipleriigin yuk dagitim katsayilari tanimlanarak temel 6mir degerleri karsilastirildi. TNT miktari arttikga 6lgekli
mesafenin azaldigini, dinamik yukiin arttigini ve rulman émriiniin 30 kata kadar distuglinu gostermektedir.
Degerlendirmede makarali rulmanin gizgisel temas karakteri ve yiiksek dinamik ylk kapasitesi nedeniyle blast
etkisine daha direngli oldugu goruldi.

Anahtar Kelimeler: Déner tabla rulmani, Patlama yiiki, Iso 281 6mri
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COMPARATIVE STRENGTH AND LIFE ANALYSIS OF SLEWING BEARINGS UNDER BLAST
LOADS ON WARSHIPS (68)

Alperen Giizel, alperenguzel093@gmail.com, Gedik Univeristesi
Yavuz Kayihan, yavuzkayihan@itu.edu.tr, ITU
Mete Kayihan, kayihanm@itu.edu.tr, ITU

ABSTRACT

Single-row and double-row ball and roller slewing bearings were compared under blast loading in terms
of load capacity, contact behavior, equivalent dynamic load, and ISO 281 basic rating life. Three TNT threat
levels at a fixed stand-off distance were evaluated. Blast severity was classified using the scaled-distance
approach, design forces transferred to the bearing were calculated, and load-distribution coefficients were
defined for each bearing type. Increasing TNT mass reduced scaled distance, increased dynamic load, and
decreased bearing life by as much as thirtyfold. Roller bearings were more resistant to blast effects because
of their line contact and higher dynamic load capacity.

Keywords: Slewing bearing, Blast loading, Iso 281 life
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KODLANMIS METAYUZEY YONTEMIYLE RADAR KESIT ALANI (RSC) AZALTMA VE ANALIZI
(73)

Khangul Abdullayeva, xangulabdullayeva8@gmail.com, Gedik University
Yavuz Kayihan, yavuzkayihan@itu.edu.tr, ITU
Mete Kayihan, kayihanm@itu.edu.tr, ITU

OZET

Bu galismanin temel amaci, askeri sezinleme sistemlerinde yaygin olarak kullanilan X-bandi (8-12 GHz)
frekans araliginda ylksek performans gosteren, ultra ince ve optimize edilmis bir “Kodlanmis Metaytizey”
tasarimi gerceklestirerek bu kisitlamalari asmaktir. Onerilen metayiizey tasarimi, mikrodalga frekanslarinda
tam yansitma ve faz kontroll saglamak amaciyla li¢ katmanh bir sandvi¢c model mimarisine dayanmak-
tadir. Sonlu Elemanlar Yontemi (FEA) tabanli similasyon sonuglarina gore, tasarlanan metaylzey X-bandinin
tamaminda askeri standartlarca kabul géren -10 dB esik degerinin altinda bir performans sergilemistir.
Yapilan ylizey akimi analizleri, yapinin elektriksel ve manyetik rezonans mekanizmalari sayesinde elektro-
manyetik enerjiyi yliksek bir verimlilikle isi enerjisine donustlirdigini ve endustriyel Gretim dayanikliligina
sahip oldugu dogrulanmistir.

Anahtar Kelimeler: Kodlanmis metayiizey, Radar kesit alani, X-bandi
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RADAR CROSS-SECTION REDUCTION AND ANALYSIS USING A CODING METASURFACE
(73)

Khangul Abdullayeva, xangulabdullayeva8@gmail.com, Gedik University
Yavuz Kayihan, yavuzkayihan@itu.edu.tr, ITU
Mete Kayihan, kayihanm@itu.edu.tr, ITU

ABSTRACT

This study develops an ultrathin optimized coding metasurface for high performance in the X-band (8-12
GHz) used by military detection systems. The proposed design employs a three-layer sandwich architecture
to provide reflection and phase control at microwave frequencies. Finite-element simulations show per-
formance below the -10 dB threshold accepted by military standards across the X-band. Surface-current
analyses confirm that electrical and magnetic resonance mechanisms convert electromagnetic energy effi-
ciently into heat while maintaining industrial manufacturability and durability.

Keywords: Coding metasurface, Radar cross-section, X-band
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PIYADE TUFEKLERI iGIN KOLAY DEGISTIRILEBILEN BIR KOMPAKT TELESKOBIK DIPGIK
GELISTIRILMESI (88)

Giilten Gokdemir, uretim@atamould.com, ATA KALIP SANAYi VE TICARET A.S.
Siikran Katmer, sukatmer@gmail.com, Gazi University

Serhat Dazkir, info@atamould.com, ATA KALIP SANAYi VE TICARET A.S.

Ulvi Seker, useker@gazi.edu.tr, Gazi Universitesi

OZET

Piyade tifeklerinde kullanilan yekpare dipgikler standart omuzlukla tiretilmekte ve sahada kolay de-
forme olmaktadirlar. Her kullanicinin silah kullanmasi farkl oldugu igin yekpare dipgikler kullanicilara zor-
luk yasatmakta ve bu durum kullanicinin silahi kullanma kabiliyetini disirmektedir. Bu galismada, yek-
pare dipgilerden farkl olarak omuzluk kismi opsiyonel olarak kolayca degistirilebilen bir kompakt teleskobik
dipgik gelistiriimesi hedeflenmistir. Bu amagla, dipgige kolayca monte edilebilen ve enjeksiyon kaliplamaya
uygun yeni bir omuzluk tasarimi yapilmistir. Omuzluk topografyasinin darbe sénimleme kabiliyetine etk-
isini aragstirmak igin alti farkli geometri hazirlanmistir. Bu geometrilere sayisal mukavemet analizleri uygu-
lanmigtir.  Analizler sonucunda en iyi bulunan geometriler enjeksiyon kaliplamayla Uretilmis ve 6zel bir
diizenekte diisme testleri yapilmistir. Modiiler dipgik tasariminda, dipgik govdesi alt farkli termoplastik ma-
trisli kompozit, omuzluk iki farkli termoplastik elastomer ile tretilmistir. Gelistirilen yeni plastik matrisli kom-
pozit tasarim sayesinde dipgik ayni mukavemeti saglarken, dipgigin agirligi, birim tretim siiresi ve maliyetleri
dusuralmastar.

Anahtar Kelimeler: Teleskobik dipgik, Kompozit malzeme, Darbe sénimleme
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DEVELOPMENT OF AN EASILY REPLACEABLE COMPACT TELESCOPIC STOCK FOR
INFANTRY RIFLES (88)

Giilten Gokdemir, uretim@atamould.com, ATA KALIP SANAYi VE TICARET A.S.
Siikran Katmer, sukatmer@gmail.com, Gazi University

Serhat Dazkir, info@atamould.com, ATA KALIP SANAYi VE TICARET A.S.

Ulvi Seker, useker@gazi.edu.tr, Gazi Universitesi

ABSTRACT

Conventional one-piece rifle stocks use a standard butt pad, can deform in field use, and do not accom-
modate different users. This study develops a compact telescopic stock with an easily replaceable butt pad
suitable for injection molding. Six pad geometries were designed and numerically analyzed for impact ab-
sorption; the best concepts were manufactured and subjected to drop tests. The stock body was produced
from six thermoplastic-matrix composites and the pad from two thermoplastic elastomers. The resulting
modular composite design maintained strength while reducing weight, unit production time, and cost.

Keywords: Telescopic stock, Composite material, Impact absorption
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RUZGAR TURBINi KULESINDE KARBON FIiBER TAKVIYESIYLE YAPISAL OZELLIKLERIN
IYILESTIRILMESI (105)

Lutfi Colak, /utfi.colak@gri.com.es, Gesbey Energy

Can Tunger, can.tuncer@gri.com.es, Gesbey Energy

Ali Oral, aalioral@gmail.com, Balikesir Universitesi

Yunus Emre Nehri, yunusnehri@balikesir.edu.tr, Balikesir Universitesi

OZET

Bu ¢alismada, riizgar tirbini kule gdvdesi yapilarinda yaygin olarak kullanilan S355 yapisal geligin yorulma
performansinin incelenmesi hedeflenmistir. ASTM E466 standardina uygun olarak tretilmis kaynakli-karbon
fiber kapl, kaynaksiz-karbon fiber kapli, kaynakli-karbon fiber kaplamasiz ve kaynaksiz-karbon fiber kapla-
masiz olmak Uzere dort farkli numune grubunun degerlendirilmesi planlanmistir. Deneylerde karbon fiber
takviye malzemesi olarak CX400 -45/+45 Biaxial Karbon Elyaf, CX600 -45/+45 Biaxial Karbon Elyaf ve Horse
Karbon HM 300 UD kullanilmig olup, bu farkli elyaf turlerinin yorulma davraniglarinin karsilastirmali olarak
gozlemlenmesi amacglanmistir. Deney diizenegi, elektrik motoru tahrikli krank-biyel mekanizmasi araciligiyla
donel hareketin dogrusal ileri-geri harekete donustiirildigii ve numune plakasinin iki yay arasinda tekrarh
yuklere maruz birakilabildigi 6zgiin bir sistem olarak tasarlanmistir. Numunelere uygulanan gerilme genlik-
leri degistirilerek elde edilen veriler dogrultusunda S-N (Wohler) egrilerinin olusturulmasi ve yorulma émdr-
lerinin karsilastirmali olarak degerlendirilmesi beklenmektedir. Analizlerin, 6zellikle kaynakli birlesimlerin
yorulma dayanimi Gizerindeki belirleyici etkisini ortaya koymasi; karbon fiber kaplamanin gerilme yigilmalarini
azaltarak gatlak baglama gecikmesini saglamasi ve ¢atlak ilerleme davranisini olumlu yonde etkilemesi bek-
lenmektedir. Ayrica karbon fiber takviyesinin yuzey gerilme dagilimini modifiye ederek yapisal bitunlige
katki saglamasi ve yorulma émriinde belirgin artislara yol agmasi hedeflenmistir. Calismanin, riizgar tlrbini
kulelerinde kullanilan gelik yapi elemanlarinin servis dmrintin artiriimasina yonelik kompozit giglendirme
uygulamalarinin etkinligini ortaya koyarak, mihendislik tasarim ve modelleme siireglerinde karbon fiber elyaf
kullanimiyla gelik plaka kalinhiginin azaltilmasinin hedeflenmesi ve bakim stratejilerine katki sunmasi beklen-
mektedir.

Anahtar Kelimeler: Rizgar tirbini kulesi, Karbon fiber takviye, Yorulma émri
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IMPROVEMENT OF STRUCTURAL PROPERTIES IN A WIND-TURBINE TOWER USING
CARBON-FIBER REINFORCEMENT (105)

Lutfi Colak, /utfi.colak@gri.com.es, Gesbey Energy

Can Tunger, can.tuncer@gri.com.es, Gesbey Energy

Ali Oral, aalioral@gmail.com, Balikesir Universitesi

Yunus Emre Nehri, yunusnehri@balikesir.edu.tr, Balikesir Universitesi

ABSTRACT

This study evaluates the fatigue performance of S355 structural steel used in wind-turbine towers. Four
ASTM E466 specimen groups-welded and unwelded, with and without carbon-fiber coating-are examined
using three reinforcement systems. A custom crank-slider rig applies repeated loading, and S-N curves are
used to compare fatigue lives. The study investigates whether carbon-fiber reinforcement reduces stress
concentration, delays crack initiation and propagation, improves structural integrity, and enables reduced
steel-plate thickness and longer service life, particularly in welded joints.

Keywords: Wind-turbine tower, Carbon-fiber reinforcement, Fatigue life
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DAIRE TESTERE ILE KESMEDE YAGLAMA KOSULLARI VE KESME PARAMETRELERININ
KESME SICAKLIGI VE YUZEY KALITESI AGISINDAN OPTIMIZASYONU (19)

Yunus Emre Kinaci, emre.kinaci@bekamak.com, Bekamak Makina San. ve Tic. A.S
Mahmut Berkan Alisinoglu, berkan@bekamak.com, Bekamak Makina San. ve Tic. A.S.
Omer Fidan, omer.fidan@bekamak.com, Bekamak Makina San. ve Tic. A.S.

Ebru Erdogan, ebru.erdogan@belginoil.com, Belgin Madeni Yaglar

Kiibra Kavut, kubra.kavut@belginoil.com, Belgin Madeni Yaglar

Mehmet Alper Sofuoglu, asofuoglu@ogu.edu.tr, Eskisehir Osmangazi Universitesi

OZET

Daire testere ile kesme, yiiksek kesme hizi ve verimliligi ile talagl imalat hatlarinda yiiksek kullanim
oranina sahip bir islemdir. is parcasi, kesme hiz, ilerleme orani, sogutma sivisi gibi parametreler bu islemde
yuzey kalitesi ve kesme sicakligini dogrudan etkilemektedir. Olusan yiksek sicakliklar ve uygun olmayan
kesme parametreleri is pargasi ylzey kalitesini olumsuz etkilemektedir. Dolayisiyla, daire testere ile kesme
islemlerinde kesme parametreleri ve sogutma sivisinin optimizasyonu énemli bir rol oynamaktadir. Bu galis-
mada daire testere ile kesmede yaglama kosullari ve kesme parametrelerinin is pargasi ylizey kalitesi ve kesme
sicakliklarina etkisi deneysel olarak incelenmistir. Deneyler, farkh formilasyonlar ile gelistirilen G farkli biy-
obozunur ester bazl MQL sivilar (1: ESTER+ EP+AW+ Diger katkilar, 2: ESTER+ 2xEP+AW+ Diger katkilar, 3:
ESTER + Su+ EP+ Diger katkilar), tg farkli kesme hizi (100-120-140 m/dk) ve (g farkli ilerleme orani (0,035-
0,050-0,065 mm/dis) seviyelerinde Taguchi L9 deney tasarimiile gergeklestirilmis, kesme boélgesinden 6lgilen
sicaklik ve is pargasi yuzey puruzlilik degerleri ile sonuglar analiz edilmistir. Optimum parametreler ve bu
parametrelerin sonuglar tizerindeki etki orani, sinyal/glriltl ve varyans analizleri ile belirlenmistir.

Anahtar Kelimeler: Daire testere, Minimum miktarda yaglama, Taguchi optimizasyonu
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OPTIMIZATION OF LUBRICATION CONDITIONS AND CUTTING PARAMETERS IN
CIRCULAR SAWING FOR CUTTING TEMPERATURE AND SURFACE QUALITY (19)

Yunus Emre Kinaci, emre.kinaci@bekamak.com, Bekamak Makina San. ve Tic. A.S
Mahmut Berkan Alisinoglu, berkan@bekamak.com, Bekamak Makina San. ve Tic. A.S.
Omer Fidan, omer.fidan@bekamak.com, Bekamak Makina San. ve Tic. A.S.

Ebru Erdogan, ebru.erdogan@belginoil.com, Belgin Madeni Yaglar

Kiibra Kavut, kubra.kavut@belginoil.com, Belgin Madeni Yaglar

Mehmet Alper Sofuoglu, asofuoglu@ogu.edu.tr, Eskisehir Osmangazi Universitesi

ABSTRACT

Circular sawing is extensively used in machining lines because of its high speed and productivity. Cutting
speed, feed, workpiece properties, and coolant directly influence cutting temperature and surface quality.
This study experimentally investigates three biodegradable ester-based minimum-quantity-lubrication fluids,
three cutting speeds (100, 120, and 140 m/min), and three feeds (0.035, 0.050, and 0.065 mm/tooth) using
a Taguchi L9 design. Cutting-zone temperature and workpiece surface roughness were measured. Optimum
parameters and their contribution ratios were determined through signal-to-noise and variance analyses.

Keywords: Circular sawing, Minimum quantity lubrication, Taguchi optimization
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CFRP/TI HIBRIT iSTIF KOMPOZITLERIN DELiIK DELME iSLEMININ iINCELENMESI (28)
Mete Kayihan, kayihanm@itu.edu.tr, ITU

OZET

Bu ¢alismada CFRP/titanyum hibrit istif yapilarin delinme performansi deneysel olarak incelenmistir.
Deneylerde i¢ farkli kesme hizi, Ui farkli ilerleme orani ve iki farkli istifleme sirasi kullanilmistir. isleme
performansinin degerlendirilmesi igin kesme kuvvetleri, ylizey plrizlGlGgu ve titanyum tabakasindaki capak
uzunluklari dlgllmustlr. Kesme parametrelerinin etkilerini incelemek ve en uygun kesme kosullarini belir-
lemek amaciyla Taguchi L18 deney tasarimi uygulanmistir. Sonuglar, ilerleme orani ve kesme hizinin delik
kalitesi ile capak olusumu tzerinde 6nemli etkileri oldugunu gostermistir. Calisma, hibrit kompozit yapilarin
delinmesinde parametre optimizasyonuna katki saglamayi amaglamaktadir.

Anahtar Kelimeler: Cfrp/titanyum istif, Delik delme, Taguchi yontemi
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INVESTIGATION OF DRILLING CFRP/TI HYBRID STACK COMPOSITES (28)
Mete Kayihan, kayihanm@itu.edu.tr, ITU

ABSTRACT

This study involves an experimental investigation of the drilling performance of CFRP/titanium hybrid
composite structures. The experiments utilized three different cutting speeds, three different feed rates, and
two different stack orders. For evaluating the machining performance, cutting forces, surface roughness, and
burr lengths in the titanium layer were measured. A Taguchi (L18) experimental design was used to analyze
the effects of cutting parameters and determine the optimal cutting conditions. The results revealed that
feed rate and cutting speed have significant effects on hole quality, and burr formation. The study aims to
contribute to parameter optimization in the drilling processes of hybrid composite structures.

Keywords: Cfrp/titanium stack, Drilling, Taguchi method
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ENDUSTRIYEL ASENKRON MOTORLARDA FiZiGE DAYALI YARI-DENETIMLI ANOMALI
TESPITI (122)

Haydar Livatyal, hlivatya@yildiz.edu.tr, YTU
Cigdem Sargut, cigdem.sargut@std.yildiz.edu.tr, YTU

OZET

Bu galisma, etiketlenmis ariza verisi igermeyen gergek SCADA telemetrisi izerinde fizige dayal yari-
denetimli bir anomali tespit ¢ercevesi sunmaktadir. Cok-frekansh sensor akislari, 39,4 saatlik elektriksel
kesintinin tespiti ve segment-farkinda flizyonla 23.373 analiz penceresine donisturilmis; NEMA MG-1
ve I1SO 20816-3 standartlarindan turetilen kirk fizik-tabanh 6zellik Yeo-Johnson doéntisiimiyle normallestir-
ilmistir. ~ Aykirilik ormani ve LSTM Otokodlayici, AND kesisim sbzde-etiketleme stratejisiyle birlestirilip
ablasyon analiziyle dogrulanmigtir. En basarili siniflandirici RBF-SVM; hassasiyet 0,873, F1 0,687, AUC-ROC
0,992 ve 1,34 ms gecikmeyle gercek zamanli dagitima hazirdir. Harici dogrulama, tim 6zelliklerde anlamh
dagihm kaymasi tespit ederek gevrimigi izleme gerekliligini kanitlamistir.

Anahtar Kelimeler: Asenkron motor, Anomali tespiti, Yari-denetimli 6grenme
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PHYSICS-BASED SEMI-SUPERVISED ANOMALY DETECTION IN INDUSTRIAL INDUCTION
MOTORS (122)

Haydar Livatyal, hlivatya@yildiz.edu.tr, YTU
Cigdem Sargut, cigdem.sargut@std.yildiz.edu.tr, YTU

ABSTRACT

This study presents a physics-based semi-supervised anomaly-detection framework using real SCADA
telemetry without labeled fault data. Multi-frequency sensor streams were converted into 23,373 analy-
sis windows after detecting a 39.4-hour electrical interruption and applying segment-aware fusion. Forty
physics-based features derived from NEMA MG-1 and ISO 20816-3 were normalized using the Yeo-Johnson
transformation. Isolation Forest and an LSTM autoencoder were combined through AND-intersection
pseudo-labeling and validated by ablation analysis. The best RBF-SVM classifier achieved 0.873 precision,
0.687 F1, 0.992 AUC-ROC, and 1.34 ms latency. External validation revealed significant distribution shift,
demonstrating the need for online monitoring.

Keywords: Induction motor, Anomaly detection, Semi-supervised learning
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KARTON TUKETIMINI AZALTAN GEVRECI VE YENILIKCI BIR OTOMATIK KOLILEME
MAKINESININ TASARIMI (113)

Gokhan Mengiitay, uretim@tamtas.net, TAM TAS MAKINA SAN.VE TIC.A.S.
Yusuf Mert Doluyurt, planlama@tamtas.net, Tamtas Ambalaj Makinalari
Erdogan Tiirkoglu, erdogan@tamtas.net, Tamtas Ambalaj Makinalari
Mustafa Bakkal, bakkalmu@itu.edu.tr, ISTANBUL TEKNiK UNIVERSITESI

OZET

Glinimiizde ambalajlama sektériinde artan surdurdlebilirlik gereksinimleri ve maliyet baskilari,
malzeme kullanimini optimize eden yenilikgi kolileme sistemlerine olan ihtiyaci artirmaktadir. Bu galismada,
Gruin akigiyla senkronize galisan ve koliyi hazir olarak kullanmak yerine makine igerisinde olusturan sirekli
galisma prensibine sahip otomatik bir etraf sarma (wrap-around) kolileme sistemi tasarlanmistir. Sistem,
koliyi GrGnin gercek boyutlarina gore sekillendirerek dayanimi artirmakta ve gereksiz karton kullanimini
azaltmaktadir.

Gelistirilen sistem, yiiksek hizli Gretim hatlarinda kesintisiz galisabilecek sekilde tasarlanmis olup farkh
rlin ve koli boyutlarina uyum saglayan esnek bir yapiya sahiptir. Koli tasima ve yan kapama mekanizmalari
sayesinde farkli élciilerde giivenilir galisma saglanmaktadir. Uriine 6zel koli olusturma yaklasimi, geleneksel
hazir koli kullanimina kiyasla malzeme tiiketiminin azaltilmasina olanak vermektedir.

Yapilan galismalar sonucunda ESM300 etraf sarma kolileme sisteminin, geleneksel ydontemlere gore yak-
lasik %30 daha az karton kullanarak ayni tiretim kapasitesini siirdlrebilecegi 6ngorilmektedir. Ayrica kapa-
sitenin dakikada 10 koliden 15 koliye gikarilmasi hedeflenmektedir.

Sistemde Urln algilama, konum dogrulama ve proses kontrolii amaciyla fotoelektrik, enduktif ve ana-
log mesafe sensérleri ile enkoderler kullanilmistir. Ozellikle SICK OD2000-3502T15 analog mesafe sensérleri,
farkh trtn ve koli 6lgtilerine gegislerde mekanik ayar ihtiyacini ortadan kaldirarak otomatik ve hassas konum-
landirma saglamaktadir. Gelistirilen 6zel algoritma sayesinde sensér verilerine gére galisma parametreleri
operator midahalesi olmadan otomatik olarak ayarlanmakta ve farkh olgllere hizli adaptasyon saglanmak-
tadir. Boylece operasyonel esneklik, tiretim verimliligi ve proses sirekliligi artirlmaktadir.

Anahtar Kelimeler: Etraf sarma kolileme, Karton tasarrufu, Otomasyon
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DESIGN OF AN ECO-FRIENDLY AND INNOVATIVE AUTOMATIC CASE-PACKING MACHINE
THAT REDUCES CARDBOARD CONSUMPTION (113)

Gokhan Mengiitay, uretim@tamtas.net, TAM TAS MAKINA SAN.VE TIC.A.S.
Yusuf Mert Doluyurt, planlama@tamtas.net, Tamtas Ambalaj Makinalari
Erdogan Tiirkoglu, erdogan@tamtas.net, Tamtas Ambalaj Makinalari
Mustafa Bakkal, bakkalmu@itu.edu.tr, ISTANBUL TEKNiK UNIVERSITESI

ABSTRACT

This study designs a continuously operating wrap-around case-packing system that forms each case
inside the machine in synchronization with product flow. Forming the case to actual product dimensions
increases strength and reduces unnecessary cardboard. The flexible system supports different product and
case sizes and is designed for uninterrupted high-speed lines. The ESM300 concept is expected to use about
30% less cardboard while increasing capacity from 10 to 15 cases per minute. Photoelectric, inductive, and
analog distance sensors and encoders provide product detection, position verification, and automatic pa-
rameter adjustment without operator intervention.

Keywords: Wrap-around case packing, Cardboard reduction, Automation
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SAC ISLEME MAKINELERI iCIN TAM OTOMATIK DONDURME SISTEMI (3)
Emre Akagiindiiz, eakagunduz@durmazlar.com.tr, DURMAZLAR

OZET

Bukiim ve sac sekillendirme siireglerinde, folyolu veya hassas kaplamali saclarin yonlendirilmesi, tre-
tim verimliligi ve ylzey kalitesi agisindan biiyik 6nem tagimaktadir. Geleneksel manuel yontemler, operator
midahalesine bagimli oldugu igin hem hiz hem de kalite agisindan sinirli kalmaktadir. Bu baglamda, farkli
boyut ve geometrideki saclarin herhangi bir operatér miidahalesi olmadan hassas sekilde dondurilmesini
saglayacak otomatik ¢éziimler gerekmektedir. Proje kapsaminda, ozellikle Punch, Makas ve Panel Ben-
der makinelerinin bir arada kullanildigi hat sistemlerinde, makineden gikan sac malzemeler ilgili makin-
eye otomatik olarak beslendiginde bazi durumlarda bikimden 6nce dondirilmesi gerekmektedir. Sistem,
vakumlu veya yumusak kapli tutucular ile pargayi glivenli sekilde kavrayip, programlanmis agilarda hassas sek-
ilde dondirmektedir. Déndirme islemi, parcanin agirlik merkezi ve boyutlarina gére otomatik olarak ayarlan-
abilir; farkl geometri ve oOlglilerde saclarla uyumlu esnek bir galisma kabiliyeti sunmaktadir. Dondiirme
masasl sistemi, mevcut CNC bikiim makineleri ile biitlinlesmis ¢alisabilmekte ve Endistri 4.0 kapsaminda
otomasyon hatlarina uyumlu olarak tasarlanmistir. Bu sayede tretim sureleri kisalmakta, ylizey kalitesi ko-
runmakta ve insan kaynakli hatalar minimize edilmektedir. Glinimizde, folyolu saclarin yiiksek kaliteli ve
hizli Gretimi igin bu tiir otomatik déondiirme sistemleri, tretim streglerinde kritik bir teknoloji olarak 6ne ¢ik-
maktadir.

Anahtar Kelimeler: Otomatik dondirme sistemi
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FULLY AUTOMATIC ROTATION SYSTEM FOR SHEET-METAL PROCESSING MACHINES (3)
Emre Akagiindiiz, eakagunduz@durmazlar.com.tr, DURMAZLAR

ABSTRACT

In bending and sheet-forming processes, the orientation of foil-coated or sensitive sheets is critical to
production efficiency and surface quality. Manual methods depend on operator intervention and are there-
fore limited in speed and consistency. This study develops an automatic system that grips sheets safely with
vacuum or soft-coated holders and rotates them precisely to programmed angles before feeding them to
punch, shear, and panel-bender machines. Rotation is adjusted automatically according to the part dimen-
sions and center of gravity. The system is integrated with existing CNC bending machines and Industry 4.0
production lines, reducing cycle time and human error while preserving surface quality.

Keywords: Sheet-metal handling, Automatic rotation, Cnc bending
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TEK MOTOR TAHRIKLI ZINCIR AKTARMA MEKANIZMASINA SAHIP DIKEY KATLANABILIR,
UYARLANABILIR HAREKETLI CEPHE SISTEMININ TASARIMI, KINEMATIK ANALIzi VE
PROTOTIP UYGULAMASI (9)

Cafer Babacan, cbhabacan@pimeks.com, Pimeks Aliiminyum PVC ve Metal San. Tic. A.S.
Batuhan Aytar, baytar@pimeks.com, Pimeks Aliminyum PVC ve Metal San. Tic. A.S.

OZET

Uyarlanabilir cephe ¢6ztimleri, giin 151g1 ve glines kazanglarinin kontrolii ile dogal havalandirmayi destek-
leme potansiyeli nedeniyle bina kabugunda 6nemli bir mekanik tasarim problem alani olusturmaktadir.
Bununla birlikte mevcut dinamik sistemler siklikla ¢oklu akttiatér kullanimina, karmasik baglanti kinematik-
lerine veya montaj toleranslarina yiliksek derecede duyarli mekanizmalara dayanmakta; bu durum maliyet,
bakim gereksinimi ve isletme gtvenilirligi agisindan endustriyel uygulanabilirligi sinirlamaktadir. Bu gals-
mada, s6z konusu kisitlari azaltmayi hedefleyen patentli bir dikey katlanabilir dinamik cephe moduli tanitil-
maktadir. Onerilen modiil, tek bir tubular motorun tahrik ettigi zincir mekanizmasi lizerinden senkronize
hareket eden katlanir panellerden olusur. Sistem, iki panel konfiglirasyonunda ana uriin olarak kurgulanmis;
¢ panel segenegi ve panel dolgu malzemesi (ana ¢oziim: bondingli isi yaliitmli cephe cami; opsiyonel: metal
mesh veya ahsap) ile farkli tasarim gereksinimlerine uyarlanabilir sekilde moddlerlestirilmistir. Kinematik
hareket, yapisal gtivenligi artirmak amaciyla donus limitleri ile sinirlandiriimis; ters hareketi 6nleyen kilitleme-
yonlendirme detayi ile sikisma durumlarinda akici agilmayi destekleyen alt mafsalli sabitleme diizeni tasarima
entegre edilmistir. iki panelli prototip, 2800 x 1600 mm boyutlarinda 1:1 &lcekte, cam dolgu ile iiretilmis ve
islevsel dogrulama testlerine tabi tutulmustur. Tasarimin dlgeklenebilir Griin sinirt 2500 mm yatay ve 3000
mm disey boyutlar olarak hedeflenmistir. Calismanin amaci, tek tahrikli senkron kinematik yaklagiminin,
cephe olgeginde glvenilir ve Gretime uygun bir mekanik ¢6zim potansiyeli sundugunu mekanik tasarim per-
spektifinden ortaya koymakdtir.

Anahtar Kelimeler: Mekanik tasarim, Dinamik cephe moddilii, Adaptif cephe
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DESIGN, KINEMATIC ANALYSIS, AND PROTOTYPE IMPLEMENTATION OF A VERTICALLY
FOLDABLE ADAPTIVE KINETIC FAGADE SYSTEM WITH A SINGLE-MOTOR CHAIN DRIVE

9)

Cafer Babacan, cbhabacan@pimeks.com, Pimeks Aliiminyum PVC ve Metal San. Tic. A.S.
Batuhan Aytar, baytar@pimeks.com, Pimeks Aliminyum PVC ve Metal San. Tic. A.S.

ABSTRACT

Adaptive fagades can control daylight and solar gains and support natural ventilation, but many exist-
ing systems rely on multiple actuators or tolerance-sensitive mechanisms. This study presents a patented
vertically foldable fagade module whose panels move synchronously through a chain mechanism driven by
a single tubular motor. The modular design supports two- or three-panel configurations and glass, metal-
mesh, or timber infill. Rotation limits, an anti-reverse locking guide, and a lower articulated fixing improve
safety and smooth operation. A full-scale 2800 x 1600 mm two-panel glazed prototype was manufactured
and functionally tested. The results show that the single-drive synchronized concept offers a reliable and
manufacturable fagade-scale mechanical solution.

Keywords: Adaptive fagade, Kinetic mechanism, Mechanical design
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HYPERLOOP SISTEMLERI iGIN HALBACH DIZILIMLI LEVITASYON DISKLERININ AGI VE
MESAFEYE BAGLI ITKISINI OLGEN TEST CIHAZI (114)

Ahmet Yilmaz, aberkay.yilmaz@gazi.edu.tr, Gazi Universitesi
Omer Bayraktar, omerbayraktar@gazi.edu.tr, Gazi Universitesi
Ulvi Seker, useker@gazi.edu.tr, Gazi Universitesi

OZET

Bu ¢alismada, Hyperloop araglarinda kullaniimak tizere gelistirilen Halbach dizilimli levitasyon disklerinin
farkh agi ve disk-plaka mesafelerinde olusturdugu kaldirma ve itki kuvvetlerini fiziksel ortamda 6lgebilen bir
test cihazi tasarlanmis ve imal edilmistir. Calismanin gikis noktasi, doner Halbach diskleri i¢in sonlu elemanlar
analiziyle elde edilen kuvvet degerlerinin gergek sistem kosullarinda dogrulanmasina yonelik erisilebilir ve
yeniden yapilandirilabilir bir deney diizenegi ihtiyacidir. Test sisteminin sasisi Al6063-T6 malzemeden 30 x 30
mm agir tip sigma profillerle olusturulmustur. Diskin diisey konumu 1-60 mm araliginda ayarlanabilmekte,
a¢l mekanizmasi ise saat yonu ve tersi yonde 25 dereceye kadar hareket saglayabilmektedir. Kuvvet verileri
yuk hiicreleri, HX711 yiikseltici karti ve ESP32 tabanli 6l¢lim zinciriyle toplanmigtir. Ansys Maxwell ortaminda
3300 RPM galisma kosulu igin yaklasik 78 N olarak hesaplanan kuvvet, gelistirilen test cihazinda yaklagik 76
N olarak 6lgtlmustir. Deneysel deger ile analiz sonucu arasindaki uyum %97,44, bagil fark ise %2,56 olarak
belirlenmistir. Sonuglar, gelistirilen diizenegin Halbach dizilimli levitasyon disklerinin tasarim dogrulamasinda
kullanilabilecegini gostermistir. Olgiim dogrulugunun artirilmasi igin moment etkilerini azaltacak S tipi yiik
hucresi kullanimi ve kontrolli deney tekrarlari dnerilmistir.

Anahtar Kelimeler: Halbach dizilimi, Manyetik levitasyon, Hyperloop
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A TEST DEVICE FOR MEASURING ANGLE- AND DISTANCE-DEPENDENT THRUST OF
HALBACH-ARRAY LEVITATING DISKS FOR HYPERLOOP SYSTEMS (114)

Ahmet Yilmaz, aberkay.yilmaz@gazi.edu.tr, Gazi Universitesi
Omer Bayraktar, omerbayraktar@gazi.edu.tr, Gazi Universitesi
Ulvi Seker, useker@gazi.edu.tr, Gazi Universitesi

ABSTRACT

A reconfigurable device was designed and manufactured to measure lift and thrust produced by rotating
Halbach-array levitation disks at different angles and disk-plate gaps. The aluminum-profile frame permits
a 1-60 mm vertical gap and +25-degree angular adjustment. Forces were acquired using load cells, HX711
amplification, and an ESP32-based chain. At 3300 rpm, Ansys Maxwell predicted approximately 78 N and the
device measured approximately 76 N, corresponding to 97.44% agreement and a 2.56% relative difference.
The setup is therefore suitable for design verification of Halbach levitation disks.

Keywords: Halbach array, Magnetic levitation, Hyperloop
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SCARA ROBOT TABANLI FREZELEME SISTEMININ TASARIMI VE GELISTIRILMESI (115)

Sila Betiil Kirzuk, 202213702058@ogr.balikesir.edu.tr, Balikesir Universitesi
Furkan Durmaz, durmazfurkan574@gmail.com, Balikesir Universitesi

Osman Atsan, 202313707567 @ogr.balikesir.edu.tr, Balikesir Universitesi
Kerem Yagiz Karakas, 202213709064 @ogr.balikesir.edu.tr, Balikesir Universitesi
Yunus Emre Nehri, yunusnehri@balikesir.edu.tr, Balikesir Universitesi

Ali Oral, a.oral@balikesir.edu.tr, Balikesir Universitesi

OZET

Bu ¢alismada, dusuk kesme kuvvetli talagh imalat uygulamalari igin kompakt, diisiik maliyetli ve enerji
verimli bir SCARA robot tabanli frezeleme prototipi gelistirilmistir. Sistem, 2B CAD gizimlerini DXF formatinda
isleyerek Python tabanli yazilim ve ters kinematik denklemler araciligiyla robot eklem agilarina donustiirmek-
tedir. Arduino Mega 2560 kontrollii step motorlar ve DC spindle ile 2,5 eksende otomatik talas kaldirma
saglanmistir. Calisma, G-koda ihtiyag duymayan yazilim mimarisi ve taginabilir robotik isleme yaklagimiyla
prototipleme, egitim ve kiicik 6lgekli Gretim uygulamalarina katki sunmaktadir.

Anahtar Kelimeler: Scara robot, Robotik frezeleme, Ters kinematik
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DESIGN AND DEVELOPMENT OF A SCARA-ROBOT-BASED MILLING SYSTEM (115)
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Ali Oral, a.oral@balikesir.edu.tr, Balikesir Universitesi

ABSTRACT

A compact, low-cost, and energy-efficient SCARA-robot-based milling prototype was developed for low-
cutting-force applications. The system processes two-dimensional CAD drawings in DXF format and converts
them into robot-joint angles using Python software and inverse-kinematics equations. Arduino Mega 2560-
controlled stepper motors and a DC spindle provide automated 2.5-axis material removal. By eliminating the
need for G-code and offering portable robotic machining, the architecture supports prototyping, education,
and small-scale production.

Keywords: Scara robot, Robotic milling, Inverse kinematics
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ENDUSTRIYEL DAIRE TESTERE KESIMINDE AGIKLANABILIR YAPAY ZEKA ILE TIRLAMA
KARAKTERIZASYONU VE TESPITI (12)

Rodi Goéze, rodigozee@gmail.com, Eskisehir Osmangazi University

Yunus Emre Kinaci, emre.kinaci@bekamak.com, Bekamak Research Development Centre
Furkan Aydin, furkan.aydin@bekamak.com, Bekamak Research Development Centre
Mahmut Berkan Alisinoglu, berkan@bekamak.com, Bekamak Research Development Centre
Mehmet Alper Sofuoglu, asofuoglu@ogu.edu.tr, Eskisehir Osmangazi University

OZET

Bu calismanin temel amaci, endustriyel dairesel testere kesim siireglerinde karsilasilan tirlama prob-
lemini yiiksek dogrulukla tespit etmek ve bu kararsizlik rejimlerinin fiziksel altyapisini anlamlandirmaktir. Bu
dogrultuda, kararl kesim durumlariile tirlama anlarindaki sensor verileri detaylica karsilagtirilarak, kararsizlik
aninda sensorlerde olusan hareketliliklerin ve sinyal farkliliklarinin analiz edilmesi hedeflenmistir. Geleneksel
”kara kutu” makine 6grenmesi modellerinin otesine gegilerek, tirlama aninda 6zellikle is mili motor yuklen-
mesi ve yapisal titresim ivmesinde meydana gelen anlik degisimler Agiklanabilir Yapay Zeka (XAl) yaklagim-
lariyla ¢6zimlenmistir. Boylece, gelistirilen algoritmanin karar mekanizmasi salt istatistiksel bir siniflamadan
ziyade, normal ve anormal kesim rejimleri arasindaki fiziksel sinyal farkliliklariyla dogrulanmis, gtivenilir bir
tirlama karakterizasyon gergevesi sunmaktadir.

Anahtar Kelimeler: Daire testere, Tirlama titresimi, Makine 6grenmesi
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EXPLAINABLE-AI-BASED CHATTER CHARACTERIZATION AND DETECTION IN
INDUSTRIAL CIRCULAR SAWING (12)
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ABSTRACT

This study aims to detect chatter in industrial circular-saw cutting with high accuracy and to explain the
physical basis of unstable cutting regimes. Sensor signals from stable and chatter conditions are compared to
identify transient changes in spindle-motor load and structural vibration acceleration. Going beyond black-
box machine-learning models, Explainable Artificial Intelligence methods are used to interpret these varia-
tions. The resulting framework validates algorithmic decisions against physical signal differences between
normal and abnormal cutting and provides a reliable basis for chatter characterization.

Keywords: Circular sawing, Chatter vibration, Explainable ai
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DAIRE TESTERE ILE KESMEDE TIRLAMA TITRESIMLERININ FFT TABANLI SPEKTRAL
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OZET

Daire testere ile kesme islemi, talagl imalatta 6zellikle yiiksek kesme hizi, dusiik isleme siiresi ve seri
Uretime uygunlugu nedeniyle Ustln bir imalat yontemidir. Bu islemde kesme kalitesi, ytizey puruzltliga,
titresim, kesme dogrulugu ve takim asinmasi gibi ¢iktilar ikincil imalat prosesleri ve toplam Uretim verimlil-
igini dogrudan etkiler. Bu nedenle daire testere ile kesme, yalnizca malzeme ayirma operasyonu degil, ayni
zamanda seri Uretimde kritik rol oynayan bir asamadir. Bu ¢alisma, daire testere ile kesme islemlerinde
meydana gelen ve isleme kalitesini olumsuz etkileyen tirlama titresimlerini analiz etmeyi amaglamaktadir.
Deneyler bes farkli kesme hizi (110-130 m/dk) ve dért farkli ilerleme orani (0.055-0.070 mm/dis) kullanilarak
tam faktoriyel tasarim ile gergeklestirilmistir. Kesici takim tizerinde gezer geki¢ yontemi kullanilarak modal
analiz gergeklestirilmis, kesme islemleri sirasinda alinan ses kayitlarina Fast Fourier Transformation (FFT) anal-
izi uygulanmstir.

Anahtar Kelimeler: Daire testere, Tirlama titresimi, Fft analizi
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Mehmet Alper Sofuoglu, asofuoglu@ogu.edu.tr, Eskisehir Osmangazi Universitesi

ABSTRACT

Circular sawing is widely used because of its high cutting speed, short processing time, and suitability for
mass production. Surface quality, vibration, dimensional accuracy, and tool wear directly affect downstream
operations and overall productivity. This study investigates chatter vibrations that impair circular-saw cutting
quality. Experiments were performed using a full-factorial design with five cutting speeds (110-130 m/min)
and four feeds (0.055-0.070 mm/tooth). Modal analysis of the saw was conducted using an impact-hammer
method, and Fast Fourier Transform analysis was applied to acoustic recordings acquired during cutting.

Keywords: Circular sawing, Chatter vibration, Fft analysis
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ISLENMIS YUZEYLERDE YUZEY BUTUNLUGUNU IYILESTIRMEK iGIN DUSUK MALIYETLI
BILYALI EZME APARATI GELISTIRILMESI VE TEST EDILMESI (112)

Fatih Karakas, fatih3704@gmail.com, Gazi Univeristesi
Siikran Katmer, sukatmer@gmail.com, YAY ARGE Egitim Danigsmanlik San. Tic. Ltd. Sti.
Ulvi Seker, useker@gazi.edu.tr, Gazi Universitesi

OZET

Bu galismada havacilik, uzay ve savunma sanayinde yaygin olarak kullanilan yiiksek mukavemetli Al 7075-
T6 alagiminin yiizey butUnliguna iyilestirmek amaciyla, freze tezgahlari igin diistik maliyetli bir bilyali ezme
aparat gelistirilmistir. EndUstride kullanilan takimlarin aksine, kademe (faturali mil) tasarimiyla parga sayisi
minimuma indirilmis ve aparat AISI C45 mil ile sabit rulman seti kullanilarak imal edilmistir. Deneyler, 2x2x3
tam faktoriyel tasarim modeline gore 12 deney olarak (L1-L12) yurGtiilmustir. Kontrol edilebilir proses
faktorleri olarak ezme yéni (dik, paralel), ezme hizi (V=110 m/dk ve V=220 m/dk), ilerleme hizi (f,=80
mm/dk, f;=160 mm/dk ve f,=224 mm/dk) segilmistir. Ezme derinligi ise 0,02 mm degerinde sabit tutulmus-
tur. Surtinmeden dolayi olusan islyl uzaklastirmak icin deneyler kesme sivisiyla gergeklestirilmistir. Varyans
analizine (ANOVA) gore, lineer parametreler igerisinde Ra yuzey puruzltliguni en ¢ok etkileyen faktoriin
%18,72 etki oraniyla ilerleme hizi f; oldugu, ezme hizinin V tekil etkisinin ise %9,99 seviyesinde kaldigi tespit
edilmistir. Deney tasariminda olusturulan modelin Ra lzerindeki toplam varyasyonu agiklama orani %88,37
olarak hesaplanmistir ve istatistiksel glivenilirlige (P = 0,000) sahip oldugu dogrulanmistir. Bilyali ezme islemi
neticesinde, ortalama ylzey plruzlGligu Ra degerinde %74,18, Rz degerinde ise %61,81 oraninda bir iyilesme
gozlemlenmistir. Vickers HV20 test yiki ile gergeklestirilen mikro sertlik dlgiimlerinde, sertligin numunel-
erde %21 ile %28 araliginda artig sagladigi gorilmustir. Deformasyon bolgesindeki ulasilan en yiiksek bagil
sertlik artis orani %28,79 olarak elde edilmistir. Gelistirilen bilyali ezme aparati, kaba is parcalarinda bile
ylizey bitiinligind iyilestirip Giretim maliyetlerini diistirdiigii icin KOBI &lcekli isletmelerde kullanilabilecegi
kanitlanmistir.

Anahtar Kelimeler: Bilyali ezme, Yizey bitunliga, Al 7075-t6
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DEVELOPMENT AND TESTING OF A LOW-COST BALL-BURNISHING TOOL FOR
IMPROVING SURFACE INTEGRITY (112)
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Siikran Katmer, sukatmer@gmail.com, YAY ARGE Egitim Danigsmanlik San. Tic. Ltd. Sti.
Ulvi Seker, useker@gazi.edu.tr, Gazi Universitesi

ABSTRACT

A low-cost ball-burnishing tool was developed for milling machines to improve the surface integrity of
Al 7075-T6. A simplified stepped-shaft design reduced the part count. Twelve experiments followed a 2x2x3
full-factorial design using burnishing direction, speed, and feed as factors at a constant 0.02 mm depth.
ANOVA showed feed to be the strongest linear factor affecting Ra. The model explained 88.37% of Ra vari-
ation. Ball burnishing improved average Ra by 74.18% and Rz by 61.81%, while microhardness increased
by 21-28%. The tool therefore offers a practical low-cost option for improving surface integrity in small and
medium-sized enterprises.

Keywords: Ball burnishing, Surface integrity, Al 7075-t6
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