
•  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-6289-5 
 

21st CIRP Conference on Electro 
Physical and Chemical 
Machining (ISEM XXI) 

Zurich, Switzerland 
14 – 17 June 2022 

 

Editors: 
 
Konrad Wegener 
Stefan Fabbro 
Paulo Matheus Borges 
 

 

 

Procedia CIRP Volume 113 

 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 

 

 

 

 

 

 

 

 

 

 

Copyright© (2022) The Authors. Published by Elsevier Ltd. 

Creative Commons Attribution 4.0 International License.  

License details: http://creativecommons.org/licenses/by/4.0/. 

 

No changes have been made to the content of these proceedings. There may be changes to pagination,  

and minor adjustments for aesthetics. 

 

Printed with permission by Curran Associates, Inc. (2023) 

  

For permission requests, please contact the publisher: 

  

Elsevier B.V. 

Radarweg 29 

Amsterdam 1043 NX 

The Netherlands 

 

 

Phone:  +31 20 485 3911 

Fax:  +31 20 485 2457 

 

http://www.elsevierpublishingsolutions.com/contact.asp 

 

 

Additional copies of this publication are available from: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY 12571 USA 

Phone:  845-758-0400 

Fax:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

Introduction to ISEM XXI .................................................................................................................................... 1 

Konrad Wegener 

White Layer Thickness Variation in Die Sinking EDM ....................................................................................... 5 

Kai Oßwald, Sebastian Schneider, Andreas Klink, Thomas Bergs 

Active Corrosion Control in Wire EDM of Carbide Punches ............................................................................. 10 

Noémie Ott, Michel Stucki, Eric Filisetti, Umang Maradia, Georg Wälder 

Virtual Operators with Self and Transfer Learning Ability in EDM ................................................................... 17 

D. Držajic, M. Wiessner, U. Maradia, D. Piga 

Prediction of Geometrical Accuracy in Wire EDM by Analyzing Process Data ................................................ 23 

Ugur Küpper, Elio Tchoupe, Andreas Klink, Thomas Bergs 

Influence of the WEDM Rim Zone on Material Specific Thermo-Physical Properties...................................... 29 

L. Welschof, G. Boye, A. Klink, T. Bergs 

Simulation of Wire EDM Combined with Measurements of Discharge Locations and Wire 

Displacement ...................................................................................................................................................... 35 

Kazuki Shibata, Masanori Kunieda, Kuniharu Yamada 

Simulation Based Derivation of Changed Rim Zone Properties Caused by Thermal Loadings 

During EDM Process .......................................................................................................................................... 41 

Raphael Hess, Peter Grethe, Lukas Heidemanns, Tim Herrig, Thomas Bergs 

Experimental Investigations on micro-EDM Milling of Niobium Carbide-Nickel Based Cermet 

Using Statistical and Empirical Techniques ....................................................................................................... 47 

Long Ye, Krishna Kumar Saxena, Shuigen Huang, Jun Qian, Dominiek Reynaerts 

Influence of Electrical and Thermal Conductivity of Cemented Carbides on the Wire EDM Process ............... 53 

M. Olivier, U. Küpper, T. Herrig, A. Klink, T. Bergs 

Electrical Discharge Machining of Dental Implants in Ultrasonic Stimulated Dielectric .................................. 59 

Tassilo-Maria Schimmelpfennig, Lisa Marie Rickerts, Ivan Perfilov 

Novel Method of Multi-Axis EDM Machining of Thin-Walled Al-Mn Parabolic Reflector for 

Aerospace Applications ...................................................................................................................................... 64 

Natalia Kravchenko, Mikhail Kliuev 

Study on Discharge State Detection of micro-EDM Based on Wavelet Transform Method .............................. 70 

Weiran Xie, Tong Zhang, Xiaodong Yang 

Influence of Working Surface Temperature on Area Effect in Electrical Discharge Machining 

Process ................................................................................................................................................................ 75 

Shinya Hayakawa, Fuka Minami, Fumihiro Itoigawa 

Segmented Manufacturing of Micro-Electrode Based on EDM and Its Performance Evaluation...................... 81 

Wang Yuangang, Hu Naiyang, Li Xiaopeng, Jiao Peng 

Observation of EDM Gap Phenomena of Single Pulse Discharge Under Different Environments .................... 87 

Qi Li, Xiaodong Yang, Masanori Kunieda 



Significant Improvements of Machined Surface Qualities by Electrical Multi-Channel Discharging 

in Precision Manufacturing ................................................................................................................................ 93 

Xin Mu, Ming Zhou, Jun Zhang, Ning Lu 

Developments in Powder Mixed EDM and Its Perspective Application for Targeted Surface 

Modification ..................................................................................................................................................... 100 

Andreas Schubert, Viet D. Bui, Ingo Schaarschmidt, Thomas Berger, André Martin 

About a New Method to Enhance the Productivity of Die Sinking EDM ........................................................ 120 

M. Boccadoro, D. Držajic 

Validation of Different Tungsten Carbide-Cobalt Grades as Tool Electrode Material for Sinking 

EDM ................................................................................................................................................................. 125 

Eckart Uhlmann, Robert Bolz, Mitchel Polte, Julian Börnstein 

Study on the Influence of the Actual Industrial Constrains During WEDM Roughing of Fir Trees on 

Inconel® 718 Disks .......................................................................................................................................... 131 

S. Caneda, I. Ayesta, J. Wang, O. Flaño, J. M. Ramos 

Development of WEDM Simulation with Parameters Adaptively Changed Using Wire Electrode 

Displacement Sensor ........................................................................................................................................ 137 

Tomohiro Sawada, Masanori Kunieda, Kouhei Matsuura, Tomohito Hanawa 

Data-Driven Statistical Analysis for Discharge Position Prediction on Wire EDM ......................................... 143 

Samuele Kronauer, Bojan Mavkov, Manas Mejari, Dario Piga, Adriano Nasciuti 

Influence of Nozzle Jet Flushing in Wire EDM of Workpiece with Stepped Thickness .................................. 149 

Shogo Kimura, Hiroki Iwai, Shixian Liu, Akira Okada, Haruya Kurihara 

Study on Slicing of Conductive SiC Ingot by Oil and Water Type WEDM ..................................................... 155 

Yoshida Masahiro, Hanada Ryuichiro, Anami Kazuma, Morita Soichiro, Kitamura Tomohiko 

Experimental Study of EDM Milling of 3D-Shaped Diffuser for Film Cooling Holes on Turbine 

Blades ............................................................................................................................................................... 160 

Jian Wang, Qiang Gao, Xue-Cheng Xi, Wan-Sheng Zhao 

Influence of the Punch with Concave Cutting-Edge on the Blanking Force in Micro Punching 

Process .............................................................................................................................................................. 166 

Ma Teng, Yang Junfeng, Yu Zuyuan, Li Guodong, Natsu Wataru 

Measurement of Axial Orientation of Film Cooling Holes Based on a Laser Sensor ...................................... 172 

Min Zhang, Xiao-Shen Yan, Xue-Cheng Xi, Wan-Sheng Zhao 

The Electrode Wear and Effective Energy Detection in Micro-EDM Drilling of Micro-Hole Array ............... 178 

Huan Liu, Jicheng Bai, Shaowei Zhang, Shaojie Hou, Chaoyang Lin 

Characterization of Plasma Discharge Channel in EDM Using Photography and Spectroscopy ..................... 184 

Ling Qin, Chen Liu, Ruixue Zhang, Ya-Ou Zhang, Wansheng Zhao 

Kinematic Modeling and Error Analysis of Cradle-Type WEDM .................................................................... 190 

Qiang Gao, Fu-Chun Zhao, Xue-Cheng Xi, Zi-Lun Li, Wan-Sheng Zhao 

Research on Green Dielectric Fluids of High-Efficient Electrical Discharge Assisted Arc Milling ................. 196 

Xinlei Wu, Yonghong Liu, Liang Qi, Yancong Han, Ming Li 

Study on Overlap Rate of Discharge Craters Based on Finite-Continuous Pulse Discharges .......................... 202 

Shaojie Hou, Jicheng Bai, Boyu Tian, Liu Huan 



Experiment Study on Low Stiffness Electrode Vibration in Air Under the Impact of Discharge ..................... 208 

Jingyu Pei, Zhiqian Zhao, Lin Li, Yetian Zhu 

Size and Speed of Ejected Particles from Different Cemented Carbide Grades Machined with 

Sinking EDM .................................................................................................................................................... 214 

T. Petersen, U. Küpper, T. Herrig, A. Klink, T. Bergs 

Comparing the Performance of a Nested to a Continuous Evolution Strategy with Covariance 

Matrix Adaption for Optimization of Drilling EDM ........................................................................................ 220 

E. Uhlmann, J. Streckenbach, M. Polte, M. Osmanovic, F. Schick 

Investigation of Influential Discharge Parameters on Machining Characteristics Generated by the 

LC Pulse Generator .......................................................................................................................................... 226 

Lin Jiang, Masanori Kunieda 

Single Crater Dimensions and Wire Diameter Influence on Wire-EDM .......................................................... 232 

Paulo Esteves, Maria Sikora, Michal Kuffa, Konrad Wegener 

Influence of Surface Roughness of Die Sinking EDM on Mold Releasability in Compression 

Molding of Thermosetting Phenol Resin .......................................................................................................... 238 

Ryoji Kitada, Qin Wang, Shun-Ichiro Tsuetani, Akira Okada 

Optimization of Dielectric Oil Viscosity for High-Precision Wire EDM ......................................................... 244 

Shixian Liu, Shogo Kimura, Akira Okada, Tomohiko Kitamura 

Observation of Molten Material and Recast Layer Distribution of Fast EDM Drilling on Inclined 

Surface .............................................................................................................................................................. 250 

Hao-Yu Chu, Min Zhang, Xue-Cheng Xi, Zi-Lun Li, Wan-Sheng Zhao 

Study on Characteristics of EDM Using Pulse Power Supply with Active High-Frequency 

Oscillation ........................................................................................................................................................ 256 

Yijin Zhao, Songyuan Lu, Xiaodong Yang, Jiabao Geng, Dongbo Wei 

Effect of Electrode Shape on High Aspect Ratio Deep Hole Drilling by EDM ............................................... 262 

Atsutoshi Hirao, Hiromitsu Gotoh, Takayuki Tani 

Observation of Bubble Behavior in EDM with Ultrasonic Vibration ............................................................... 267 

Wang Chenxue, Tomohiro Sasaki, Atsutoshi Hirao 

Measurement of Wire Electrode Temperature in Wire Electrical Discharge Machining by Two-

Color Pyrometer with Optical Fiber ................................................................................................................. 273 

Tomohiro Koyano, Eiji Goto, Akira Hosokawa, Tastuaki Furumoto, Satoshi Abe 

Spatial Planetary Movements for Multi-Axis EDM ......................................................................................... 278 

Yan-Xin Sun, Ling Qin, Hao-Yu Chu, Xue-Cheng Xi, Wan-Sheng Zhao 

Relationship Between Discharge Reaction Force and Bubble Behavior in Wire Electrical Discharge 

Machining ......................................................................................................................................................... 284 

Wenting Gu, Masanori Kunieda, Wansheng Zhao 

Insight on Relation Between Discharge Delay Time and Machining Parameters in Wire EDM ...................... 289 

J. Wang, M. Kunieda, J. A. Sánchez, B. Izquierdo, I. Ayesta 

Investigation on Anisotropic Behavior of Additively Manufactured Maraging Steel During 

Orthogonal Cutting ........................................................................................................................................... 294 

Clemens Maucher, Daniel Gutsche, Hans-Christian Möhring 



CA Single Track Simulation of Laser Conduction Welding with Stainless Steel 316L (1.4404) ..................... 301 

Indira Dey, Nic Schätti, Marcel Gerstgrasser, Raphael Jakob, Konrad Wegener 

Ultrasonic-Assisted Laser Metal Deposition (LMD) of Steel 316L ................................................................. 307 

Mohammad Rabiey, Ralph Weidmann, Samuel Sgier, Luca Urban 

Height Prediction in Directed Metal Deposition with Artificial Neural Networks ........................................... 312 

Daniel Knüttel, Stefano Baraldo, Anna Valente, Emanuele Carpanzano, Konrad Wegener 

Synergy Effect of Abrasive Blasting and Large-Area EB Irradiation on Surface Finishing of AMed 

Titanium Alloy .................................................................................................................................................. 318 

Hiroya Kobayashi, Togo Shinonaga, Toshiya Tsuji, Akira Okada 

Process Development for the Freeform Deposition of a Glass Fiber Reinforced Photopolymer ..................... 323 

Daniel Kirkman, André Van Der Merwe, R. Ian Campbell 

In-Situ Integration of Piezoelectric Stacks with Laser-Based Powder Bed Fusion .......................................... 329 

Rico Weber, Samuel Seydel, Adriaan Spierings, Konrad Wegener 

Development of a Free-Form Piezo-Resistive Pressure Sensor Using Advanced Printing Methods................ 335 

Ruben Goos, Akash Verma, Eleonora Ferraris 

Development of a Material Extrusion Additive Manufacturing Process of 1.2083 Steel Comprising 

FFF Printing, Solvent and Thermal Debinding and Sintering .......................................................................... 341 

J. Vetter, F. Huber, S. Wachter, C. Körner, M. Schmidt 

Picosecond Pulsed Laser Machining of Hardened Martensitic Stainless Steel Drive Shaft ............................. 347 

Jodok Weixler, Marc Zweifel, Konrad Wegener 

Electrophotographic Powder Application for Metal Powder Bed Based Additive Manufacturing .................. 353 

Julia Foerster, Krunoslav Vranjes, Maximilian Binder, Georg Schlick, Johannes Schilp 

Geometrical Study of 5356 Aluminium Alloy by Means of a Concentric Wire Laser Metal 

Deposition ........................................................................................................................................................ 361 

Mikel Madarieta, Edgar Irazu, Iker Garmendia, Jon Flores, Carlos Soriano 

Research on “slice” Layer Height and Width Additive Manufacturing by Maskless Localized 

Electrodeposition Method ................................................................................................................................ 367 

Yu Shengyuan, Wu Menghua, Jia Weiping, Su Xiaobing 

Preliminary Investigation of a Fast Temperature Prediction Approach for Simple Thin-Walled Parts 

Produced with Wire Arc Additive Manufacturing ............................................................................................ 372 

Maicol Fabbri, Konrad Wegener 

Effect of Process Parameters on Melt Pool Geometry in Laser Powder Bed Fusion of Metals: A 

Numerical Investigation ................................................................................................................................... 378 

M. Afrasiabi, D. Keller, C. Lüthi, M. Bambach, K. Wegener 

Experimental Investigations into Machining Characteristics of Niobium Carbide Cermet with 

µECM / Hybrid laser-µECM. ........................................................................................................................... 385 

Muhammad Hazak Arshad, Ming Wu, Krishna Kumar Saxena, Jun Qian, Dominiek Reynaerts 

Towards In-Process Evaluation of the Precise Electrochemical Machining (PECM) ...................................... 392 

E. Tchoupe, L. Heidemanns, U. Küpper, T. Herrig, T. Bergs 

Experimental Analysis on the Accuracy of Two Dimensional Curved Cuts in Wire ECM .............................. 398 

F. Sous, L. Heidemanns, T. Herrig, A. Klink, T. Bergs 



Thermographic In-Situ Investigation of Precise Electrochemical Machining .................................................. 404 

L. Heidemanns, T. Herrig, A. Klink, T. Bergs 

Profile Prediction in ECM Using Machine Learning ....................................................................................... 410 

Ming Wu, Muhammad Hazak Arshad, Krishna Kumar Saxena, Jun Qian, Dominiek Reynaerts 

Experimental Setup for the Investigation of the Transport of Different Gas Bubble Sizes During 

Electrochemical Machining Based on Similarity Theory Using Particle Image Velocimetry .......................... 417 

E. Tchoupe, L. Heidemanns, A. Klink, T. Herrig, W. Schröder 

Wire Electrochemical Finishing of Wire Electrical Discharge Machined Surfaces on the Same 

Machine ............................................................................................................................................................ 422 

Sei Nakano, Masanori Kunieda, Tomoaki Takada, Toshiaki Kurokawa, Takashi Yuzawa 

Predicting the Sparks Occurrence in Electrochemical Discharge Machining by Machine Learning 

Using Convolutional Neural Networks ............................................................................................................ 427 

Abhishek Kale, Yu-Jen Chen, Murali Sundaram 

Electrochemical Machining of Microrods Using a Self-Drilled Hole .............................................................. 432 

Kai Egashira, Yuzuru Okuno, Keishi Yamaguchi, Minoru Ota 

Fabrication of Nanostructure and Deposition of Metal Particles by Femtosecond Laser Ablation in 

Electrolyte ........................................................................................................................................................ 439 

Shuhei Kodama, Reo Yabuuchi, Godai Miyaji, Wataru Natsu 

A ‘virtual Sensing’ Framework for µECM/Hybrid Laser- µECM for Monitoring Interelectrode Gap 

Conditions ........................................................................................................................................................ 445 

Krishna Kumar Saxena, Muhammad Hazak Arshad, Ming Wu, Jun Qian, Dominiek Reynaerts 

Influence of Electrolyte Flow on Transfer Characteristics of Electrochemical Machining for Micro-

Hole .................................................................................................................................................................. 453 

Wataru Natsu, Yosuke Hanamura 

Precision Improvements in ECM Via Tool Insert Development by 3D Printing .............................................. 459 

Scott Sneddon, Anjali K. M. De Silva, Ares A. Gomez-Gallegos, Prabodha Jayasinghe 

Exploratory Study of Wire Based ECM Finishing of 316L Stainless Steel, Implemented Within a 

Hybrid Wire EDM-ECM Platform ................................................................................................................... 465 

Thomas Van Riel, Jun Qian, Bert Lauwers 

Bipolar Nano-Second Pulse Power Supply for Electrochemical Micromachining of Tungsten 

Carbide Without Tool Wear .............................................................................................................................. 471 

Qingrong Zhang, Hongping Luo, Peng Liu, Guixian Liu, Yongjun Zhang 

Experimental Research on Chemical Polishing of Metal Capillary Inner Wall for Laser-Assisted 

Electrochemical Machining .............................................................................................................................. 477 

Feng Wang, Jing Zhou, Xiaoming Kang, Wansheng Zhao 

Electrochemical Machining Using the Circulation of Electrolyte in an Electrode ........................................... 483 

Koki Matsuzawa, Soichiro Oka, Mitsuo Uchiyama 

Optimizing the Cathode Structure in Electrochemical Milling ........................................................................ 488 

Wang Qingqing, Zhang Junzhong, Qu Ningsong, Fang Xiaolong 

Research on the Influence of RCUECM on Side Clearance of Micro-Small Hole .......................................... 495 

Ze-Xiang Liu 



Experimental Study of Processing γ-TiAl by Blasting Erosion Arc Machining ............................................... 501 

Yang Yifei, He Guojian, Gu Lin, Zhao Wansheng 

Study on Residual Stress of Blasting Erosion Arc Machined Ti6Al4V and TiAl Alloys ................................. 507 

Kelin Li, Yangjilian Liao, Lin Gu, Guojian He, Wansheng Zhao 

Hybrid Method of Stainless Steel Machining by Ti-Al-N Coated Tool in Electrical Discharge 

Ionised Gas ....................................................................................................................................................... 513 

Andrey Kirillov, Mikhail Kliuev, Mikhail Mosijchuk 

Effect of a Single Particle in Abrasive Waterjet Machining on 42CrMo4 Modifications ................................. 519 

M. Dadgar, M. Schüler, T. Herrig, T. Bergs 

Jet Application of Plasma Electrolyte Polishing ............................................................................................... 525 

Alexander Küenzi, Mathieu Goetschi, Thomas Nelis, Cédric Bessire 

Effect of Particle Size Distribution Width on Repeatability of Coating Characteristics in 

Atmospheric Plasma Spraying .......................................................................................................................... 530 

Uroš Hudomalj, Ehsan Fallahi Sichani, Lukas Weiss, Majid Nabavi, Konrad Wegener 

Study on Smoothing of Hole Wall Surface by Electron Beam Polishing Under Control of Magnetic 

Field .................................................................................................................................................................. 536 

Togo Shinonaga, Jiayu Lu, Motohiro Inoue, Akira Okada 

Simulation Investigation of Influence of Particle Focusing on the Machined Surface of ECM 

Process .............................................................................................................................................................. 541 

Dahai Mi, Huachen Xing, Wataru Natsu 

Modelling, Simulation and Control of Roll-To-Roll Physical Vapor Deposition Processes ............................. 546 

Noah Graff, Dragan Djurdjanovic 

Effect of Process Parameters on Growth Pattern of Micro-Nickel Column in Mask-Less Localized 

Electrodeposition .............................................................................................................................................. 552 

Xiao Yuqing, Wu Menghua, Jia Weiping 

Laser Processing of Polymers for Surface Energy Control of Biomedical Implants ........................................ 558 

Amarachi Obilor, Will Sainsbury, Manuela Pacella, Andy Wilson, Vadim V. Silberschmidt 

Experimental Validation of a Machine Learning Algorithm for Roughness Quantification in Laser 

Cutting .............................................................................................................................................................. 564 

Nikita Levichev, Alberto Tomás García, Masoud Kardan, Dirk Cattrysse, Joost R. Duflou 

Development of an OCT System for Measuring Machining Defects on a Texturing Laser Machine .............. 570 

Florian Chays, Harley Stoeckli, Stéphane Bourquin, Nicola Giandomenico 

Femtosecond Laser Processing of Cemented Carbide for Selective Removal of Cobalt ................................. 576 

Balasubramanian Nagarajan, Jide Han, Shuigen Huang, Jun Qian, Sylvie Castagne 

Software-Based Setpoint Optimization Methods for Laser Cutting Machine Tools ......................................... 582 

Raffael Amacher, Natanael Lanz, Manuel Müller, Ronny Bossart 

Laser-Based Coating Process of PEEK Powder on Stainless Steel Substrates by Using a Thulium-

Doped Fiber Laser ............................................................................................................................................ 588 

Alexander Wittmann, Lennart Kroha, Florian Huber, Michael Schmidt 

Printing Nanostructure Holograms on Contact Lenses Via Direct Laser Ablation ........................................... 594 

Haider Butt, Bader Alqattan 



Functionalised Polycrystalline Boron Nitride Materials Via Laser Surface Engineering ................................. 599 

Manuela Pacella, Amir Badiee 

Influence of Material Composition on Nanosecond Pulsed Laser Micromachining of Zirconia-

Alumina Composites ........................................................................................................................................ 605 

Jide Han, Krishna Kumar Saxena, Annabel Braem, Dominiek Reynaerts, Sylvie Castagne 

Novel Advances in Machine Tools, Tool Electrodes and Processes for High-Performance and High-

Precision EDM .................................................................................................................................................. 611 

Eckart Uhlmann, Mitchel Polte, Sami Yabroudi 

Author Index 

 


