19th CIRP Conference on Electro

Physical and Chemical
Machining (ISEM XIX)

Procedia CIRP Volume 68

Bilbao, Spain
23 — 27 April 2017

Editors:

Ana Aranzabe
Xabier Maidagan
Jose Antonio Sanchez

ISBN: 978-1-5108-6223-4



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

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

Copyright© by Elsevier B.V.
All rights reserved.

Printed by Curran Associates, Inc. (2018)

For permission requests, please contact Elsevier B.V.
at the address below.

Elsevier B.V.
Radarweg 29
Amsterdam 1043 NX
The Netherlands

Phone: +31 20485 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

PREFACE ..o bbb bbb b s 1
N/A

LIST OF ISEM CONFERENCES ..o e s 3
N/A

1. EDM 1: CERAMICS AND CERMETS

INFLUENCE OF OPEN-CIRCUIT VOLTAGE ON MICRO ELECTRICAL DISCHARGE

MACHINING OF NI-AL,03 FUNCTIONALLY GRADED MATERIALS ..ot 5
Hongzheng Liu, Zhenlong Wang, Guanxin Chi, Yukui Wang
EDM DRILLING OF NON-CONDUCTING MATERIALS IN DEIONISED WATER .....ccccoooiiiiiiiee e 11

M. Kliuev, U. Maradia, K. Wegener

EFFECTS OF COMPOSITION ON MECHANICAL AND ED-MACHINING CHARACTERISTICS

OF ZIRCONIA TOUGHENED ALUMINA - TITANIUM CARBIDE (ZTA-TIC) COMPOSITE

CERAIMICS ...ttt et b 1 et b e bt e s e E e a8t e bt e R b e 4t e £ e oAb e e R e e bt e £ e e bt eR e e bt e E e oAb e e R b e be e bt e b e e bt e be e b e e beeneeneenreen 17
Ulrich Schmitt-Radloff, Andrea Gommeringer, Patrick Assmuth, Frank Kern, Fritz Klocke, Maximilian Holsten,
Sebastian Schneider

ED-MACHINABLE CERAMICS WITH OXIDE MATRIX: INFLUENCE OF PARTICLE SIZE

AND VOLUME FRACTION OF THE ELECTRICAL CONDUCTIVE PHASE ON THE

MECHANICAL AND ELECTRICAL PROPERTIES AND THE EDM CHARACTERISTICS........cccoocevviviiiiinn 22
Andrea Gommeringer, Ulrich Schmitt-Radloff, Philipp Ninz, Frank Kern, Fritz Klocke, Sebastan Schneider,
Maximilian Holsten, Andreas Klink

MODELLING AND CHARACTERISATION OF ELECTRICAL DISCHARGE TIC-FE CERMET

(000 7N I 1)L SRS 28
Samer J. Algodi, James W. Murray, Adam T. Clare, Paul D. Brown

EDM 3: EXPERIMENTAL ANALYSIS

EFFECT OF GRAIN SIZES OF STAINLESS STEEL ON THE EROSION FEATURE OF SINGLE

ELECTRICAL DISCHARGE PULSE ......ccoiiiiiitiie ettt bbbttt e b bt et st e e b et 34
Fei Chen, Yongbin Zhang, Zhihui Xia, Wei Shi, Baorui Wang

A NOVEL DISCHARGE STATUS INSPECTION METHOD FOR EDM OF THERMAL-

BARRIER-COATED NICKEL-BASED SUPERALLOYS ...ttt e 40
Li Wang, Yongfeng Guo, Zhang Guowei, Kelie Durisula, Lin Tang

EXPERIMENTAL INVESTIGATION OF EDM PARAMETERS FOR ZRB,-SIC CERAMICS

IMMACHINTING .ttt h bt bt e bt h e b e e bt e bt e b e e bt e h £ e nE e e R e oAb e e R e e ke e R e e b e e be e bt eb e et e nhe e e e sbeennenneanes 46
Guo Yongfeng, Feng Yerui, Wang Li, Durisula Kelie, Ma Changjin, Tang Lin

A COMPARATIVE STUDY OF POLARITY-RELATED EFFECTS IN SINGLE DISCHARGE

EDM OF TITANIUM AND TRON ALLOYS. ... oottt sttt sb et b st se et sne et sbe b nnes 52
F. Klocke, M. Mohammadnejad, M. Holsten, L. Ehle, M. Zeis, A. Klink

INCREASING THE INJECTION MOULDING PRODUCTIVITY THROUGH EDM SURFACE

IMIODULATION ...ttt bbbt h bbb e h kb b8 b et h b e b e b bt e b e bttt e bt bt e bt e bt b et e eb et e 58
U. Maradia, E. Filisetti, M. Boccadoro, M. Roten, J.-M. Dutoit, S. Hengsberger

EDM 5: EDM-BASED PROCESSES

EFFECTS OF DIFFERENT ELECTRODE MATERIALS ON HIGH-SPEED ELECTRICAL

DISCHARGE MACHINING OF WOIMOSBCRAV ......ooiiiiiitiiie ettt bbb nne s 64
Guang Zhu, Qinhe Zhang, Kan Wang, Yuhua Huang, Jianhua Zhang

OPTIMIZATION OF ELECTRICAL DISCHARGE TURNING PROCESS USING TAGUCHI-

GREY RELATIONAL APPROAGCH. ...ttt sttt sttt b ekt he b et e st e e b e e bt e beesbeabeeabeantenbenreens 70
Vikas Gohil, Y. M. Puri



SOME EFFECTS ON EDM CHARACTERISTICS BY ASSISTED ULTRASONIC VIBRATION OF

THE TOOL ELECTRODE ...ttt b e bt e b1 e e bt e s e e b e e s b e s bt e he e ek e e mb e sbeeseeebeembenbeesneabeennas 76
Atsutoshi Hirao, Hiromitsu Gotoh, Takayuki Tani

ULTRASONIC ASSISTED ELECTRICAL DISCHARGE MACHINING FOR HIGH ASPECT

RATIO BLIND HOLES ...ttt btk h bbbt b b nb bt b e bbbt n e bt 81
M. Goiogana, J. A. Sarasua, J. M. Ramos

APPLICATION OF ADDITIVE MANUFACTURED TUNGSTEN CARBIDE TOOL

ELECTRODES IN EDM ...ttt b e bbbt bt bbbt e bttt b e et s bt e b b e b bt 86
Eckart Uhlmann, André Bergmann, Robert Bolz, Witalij Gridin

1. EDM 2: WIRE-EDM

WIRE EDM OF ZTA-NBC DISPERSION CERAMICS - THE INFLUENCE OF ED MACHINING

ON MECHANICAL PROPERTIES ... .ottt bttt b et nb e eb e bt ae et e b e e bt e be e nbe s b e e beeneeneenreens 91
Ulrich Schmitt-Radloff, Frank Kern, Rainer Gadow

TEMPERATURE MEASUREMENT OF WIRE ELECTRODE IN WIRE EDM BY TWO-COLOR

PYROMETER ..ottt ettt b etttk b e bt et e b oAbt e h e b e h e e b e e Rt e bt e b e e b e e bt e be e b e et e nbe e b e sk e enbenaeanes 96
Tomohiro Koyano, Taishi Takahashi, Seiya Tsurutani, Akira Hosokawa, Tatsuaki Furumoto, Yohei Hashimoto

CONTROL OF KERF WIDTH IN MULTI-WIRE EDM SLICING OF SEMICONDUCTORS WITH

CIRCULAR SECTION ...ttt bbb b1 b e e bt s b e bt b e e bt s bt e b e b e e bt s b e e b e b e e b bt enes 100
Yasuhiro Okamoto, Takayuki Ikeda, Haruya Kurihara, Akira Okada, Masataka Kido

INFLUENCE OF JET FLUSHING ON CORNER SHAPE ACCURACY INWIRE EDM........ccooiiiiiiiiniec 104
Tomonori Ebisu, Akiyoshi Kawata, Yasuhiro Okamoto, Akira Okada, Haruya Kurihara

SMART WIRE EDM MAGCHINE ...ttt b e bttt b e b bt e e ek e et e s bt e b e b e e b e snee s 109

G. Walder, D. Fulliquet, N. Foukia, F. Jaquenod, M. Lauria, R. Rozsnyo, B. Lavazais, R. Perez

EDM 4: WIRE-EDM

ULTRA-LONG WIRE RECIPROCATED-WEDM WITH DUAL TENSILE REELS WINDED........c..ccceeevevunennee. 115
He Ciwen, Zhao Jinsheng, Liu Jianyong
STUDY ON MICRO RECIPROCATED WIRE-EDM FOR COMPLEX INDEXING STRUCTURE...................... 120

Xiang Chen, Yukui Wang, Zhenlong Wang, Hongzheng Liu, Guanxin Chi

ONLINE WORKPIECE HEIGHT ESTIMATION FOR RECIPROCATED TRAVELING WIRE

EDM BASED ON SUPPORT VECTOR MACHINE .......c.oiiiiiii s 126
Guangwei Huang, Weiwen Xia, Ling Qin, Wansheng Zhao

EXPERIMENTAL MEASUREMENT OF WIRE-LAG EFFECT AND ITS RELATION WITH

SIGNAL CLASSIFICATION ON WIRE EDM......cooiiiiiiiieeieee ettt sne e 132
A. Conde, J. A. Sanchez, S. Plaza, M. Ostolaza, I. De la Puerta, Z. Li

COMPARISON OF ELECTRICAL DISCHARGE MACHINING SPEED OF TOOL ELECTRODES

WITH DIFFERENT THERMO-PHYSICAL PROPERTIES RELATED TO EASE OF BOILING .......cccceovivnene 138
Xiaoming Yue, Xiaodong Yang, Masanori Kunieda

HYBRID PROCESSES 1

COMPARATIVE STUDY OF FECL3; AND CUCL, ON GEOMETRICAL FEATURES USING

PHOTOCHEMICAL MACHINING OF MONEL 400........ccccctitiiiiiiiisiestesiere ettt 144
Deepakkumar H. Patil, Shrikant B. Thorat, Rohit A. Khake, Sadaiah Mudigonda

STUDY ON MULTI-EFFECT SYNERGY MECHANISM OF THE ULTRASONIC COMPOUND

ELECTRO-DISCHARGED AND ELECTROCHEMICAL MACHINING AND REAL TIME

OPTIMAL CONTROLLING OF ON-LINE PARAMETERS. .......oi ot 150
Qingging Zhao, Zhenquan Deng, Dashi Yang, Xiang Gu, Yongwei Zhu
INVESTIGATION ON HYBRID MECHANO-ELECTROCHEMICAL MILLING OF TIGALA4V .....ccccvvvvevennnnne. 156

D. Van Camp, J. Bouquet, J. Qian, J. Vleugels, B. Lauwers

MACHINING PERFORMANCES OF ELECTRICAL DISCHARGE MACHINING COMBINED

WITH ABRASIVE JET MACHINING ... .ottt sttt ne e ane 162
Yan-Cherng Lin, Jung-Chou Hung, Hsin-Min Lee, A-Cheng Wang, Shih-Feng Fan



1. LASER BEAM MACHINING & ELECTRON BEAM MACHINING

LASER PREPARING TUNABLE WRINKLES ON THE SURFACE OF PDMS WITH

ASSISTANCE OF PRE-STRAIN STRESS. ... ..ttt bbb et sbe b e sbeeseesbe s e e nre e
Deng Yu, Hong Wensheng, Guo Zhongning, Huang Zhigang, Chen Ying

ABLATION INVESTIGATION OF CEMENTED CARBIDES USING SHORT-PULSE LASER

Shigi Fang, Rita Lima, Daniela Sandoval, Dirk Béhre, Luis Llanes

INFLUENCE OF MATERIAL PROPERTY ON THICKNESS OF MODIFIED LAYER

GENERATED BY LARGE-AREA ELECTRON BEAM .....coiiiiiiiiei e
Togo Shinonaga, Yasuaki Kimura, Tsubasa Sakai, Akira Okada

THE EFFECTS OF LASER MICROTEXTURING OF BIOMEDICAL GRADE 5 TI-6AL-4V

DENTAL IMPLANTS (ABUTMENT) ON BIOFILM FORMATION ...ttt
Eckart Uhlmann, Luiz Schweitzer, Heinz Kieburg, Anja Spielvogel, Katrin Huth-Herms

HIGH ASPECT RATIO MICROSTRUCTURING OF COPPER SURFACES BY MEANS OF

ULTRASHORT PULSE LASER ABLATION ...ttt ettt nb e
H. Bittner, M. Hajri, R. Roth, K. Wegener

PLASMA & ARC MACHINING PROCESSES

CHARACTERIZATION OF HIGH-CURRENT PULSED ELECTRON BEAM INTERACTION

WITH AISI 1045 STEEL AND THE MICROSTRUCTURE EVOLUTION.......ooiiiiie e
Yulei Fu, Jing Hu, Weijie Huo, Xiaotong Cao, R. Zhang, Wansheng Zhao

INFLUENCE OF PROCESS PARAMETERS ON TEMPERATURE FIELD DURING ELECTRON

BEAM SURFACE POLISHING ....ooitiiiiiie sttt sttt sb et se et aseesbe s e e ke e st e s b e e s e et e aneenbanraenbeanean
Rui-Xue Zhang, Xue-Cheng Xi, Jing Hu, Wan-Sheng Zhao, Yu-Lei Fu

CHARACTERISTICS OF A MICRO QUARTZ STYLUS PROBE FABRICATION BY USING THE

MICRO-DISCHARGE PLASMA METHOD ...ttt st sae e st snae b e snaneaeesnseanneeaneas
Ching-Hsiang Chien, Dong-Yea Sheu

INFLUENCE OF GAP AIR FLUSHING ON PLASMA CHANNEL AND CRATER GEOMETRY IN

SINGLE BLASTING EROSION ARC DISCHARGE ...ttt ettt e saa e sneeanaeennee s
Yingmou Zhu, Ahmad Farhadi, Guojian He, Xiao Liu, Lin Guo, Wansheng Zhao

INFLUENCE OF ELECTRODE SHAPE AND SIZE ON ELECTRIC ARC CHANNEL AND

Ahmad Farhadi, Yingmou Zhu, Lin Gu, Wansheng Zhao

ELECTRODEPOSITION

STUDY ON THE PERFORMANCES OF NI-CO-P/BN(HINANOCOMPOSITE COATINGS MADE

BY JET ELECTRODEPOSITION ..ottt bt n ettt b et n et
M. Kang, Y. Zhang, H. Z. Li

EXPERIMENTAL STUDY OF LOCALIZED ELECTROCHEMICAL DEPOSITION OF NI-CU

ALLOY USING A MOVING ANODE ...ttt bttt be et sbe et e s be e e e sbe e b e sbeeseeabeannenrean
Murali Sundaram, Abishek B. Kamaraj, Grace Lillie

FABRICATION OF SUPERHYDROPHOBIC SURFACES ON STAINLESS STEEL MESH

SUBSTRATES VIA ELECTRO-BRUSH FLOW PLATING TECHNOLOGY .....ccoctiiiiiiiieiesieie e
Longgang Wang, Yingjie Xing, Xin Liu, Huanxi Zheng, Jinlong Song

PREPARATION OF BIOMIMETIC SUPERHYDROPHOBIC SURFACE BY A FACILE ONE-

STEP PULSE ELECTRODEPOSITION ...ttt bbb
Shuzhen Jiang, Zhongning Guo, Glenn Kwabena Gyimah, Chuanyun Zhang, Guixian Liu

SIMULATION OF LOCALIZED ELECTRODEPOSITION OF MICROWIRES AND

IMICROTUBES ...ttt bt b e st b e h b e e bt e h e e ek e e R b e A b e e h e e b e 4R b e A b e e b e e R e e Rb e Ab £ e R e e Rt et e nbeehe e ek e e mn et e nbeebeanean
V. M. Volgin, V. V. Lyubimov, I. V. Gnidina, A. D. Davydov, T. B. Kabanova



1. EDM 6: SIMULATIONS

PERFORMANCE EVALUATION AND OPTIMIZATION ALGORITHM FOR ELECTRICAL

DISCHARGE MACHINING PROCESS USING A NOBLE NON-DIMENSIONAL

MATHEMATICAL MODEL ..ottt e e ettt e b e e e e tte e e e eat e e e sabeeeaabaeeeeabeeesabeeeabbeaaesreeesabeeaaasenaannes 248
Ali Abdolahi, Ridiger Haas

FLUID DYNAMICS IN ELECTRODE FLUSHING CHANNEL AND ELECTRODE-WORKPIECE

GAP DURING EDM DRILLING ....oooitiiitte ettt ettt ettt s e s te e s tte e sbt e s abe e beeesaeesasesabeestaeebaesabeenbeesnneesreenns 254
M. Kliuev, C. Baumgart, K. Wegener

INVESTIGATION ON THE VARIABILITY OF EXISTING MODELS FOR SIMULATION OF

LOCAL TEMPERATURE FIELD DURING A SINGLE DISCHARGE FOR ELECTRICAL

DISCHARGE MACHINING (EDM) ..ottt sttt te e b e e et et e beebeseeabeseensebeabeebeseeabeseenseseaneanas 260
Fritz Klocke, Mehnoush Mohammadnejad, Markus Zeis, Andreas Klink

EDM 7: FEUNDAMENTALS

STUDY ON MATERIAL REMOVAL MECHANISM IN EDM PROCESS THROUGH

OBSERVATION OF RESOLIDIFICATION OF MOLTEN METAL ..ottt 266
Shinya Hayakawa, Kazuaki Minoura, Fumihiro Itoigawa, Takashi Nakamura

ATTEMPTS AT SYNCHRONIZED OBSERVATION OF PROCESSING PHENOMENON AND

DISCHARGE WAVEFORM IN ELECTRICAL DISCHARGE MACHINING OF

TRANSPARENCY INSULATORS......c ettt b et h ettt b ekt b ettt s e btk b et r et ebe b 272
Masahiro Yoshida, Daiki Hanaoka, Ryosuke Sato

OBSERVATION OF MATERIAL REMOVAL PROCESS BY SINGLE DISCHARGE IN AIR GAP.........ccccuc.... 276
Tani Takayuki, Yoshiki Tsujita, Hiromitsu Gotoh, Masaaki Okada, Naotake Mohri

THERMOGRAPHIC ANALYSIS OF SPARK LOCATION DISTRIBUTION IN SINKING EDM..........ccccciinee 280

F. Klocke, S. Schneider, B. Frauenknecht, L. Hensgen, R. Klink, K. ORwald

MACHINING MECHANISMS AND CHARACTERISTICS OF MOVING ELECTRIC ARCS IN

HIGH-SPEED EDM MILLING .......ooi oottt s et e et e s te e st e e st e e steesateenbeestaeeteesnseentaesnaeeneesnneenres 286
Zhaojun Kou, Fuzhu Han

EDM 8: SURFACE

SIMULATION ANALYSIS OF THE CRATER SIZE FOR SINGLE-PULSE DRY ELECTRICAL

DISCHARGE MAGCHINING ... ..ottt ettt bbbt b e sb e s bt b e e bt eab e sb e e st e ebeesb e s bt e s e e ebeenbenbeesaenbeannas 292
Li Liging, Guo Chenhao, Song Yingjie

EFFECT OF MIXING GAS FOR MACHINING SURFACE PROPERTY OF MICRO-BUBBLE

ENTRAINED EDM ...ttt bbb bbbt h bbb e b e a e b e b e e bt e ab e bt e bR e e e bt e e b ane s 298
Hideki Takezawa, Shingo Hayashi

FINISHING ON THE LARGE AREA OF WORK SURFACE BY EDM USING A CAPACITY

COUPLING METHOD. ...t ittt ettt e st e stee e e s e e te e s see e seesste e teeaseeesseeamteesseeasteeaneeanteenseeenseennseenseennenennanns 303
Xiaodong Yang, Zeliang Wang
SURFACE INTEGRITY EVALUATION OF MODIFIED EDM SURFACE STRUCTURE.........ccccocvevveviecieeen 308

Mohammad Antar, Phillip Hayward, Justin Dunleavey, Paul Butler-Smith

ANALYSIS OF FUNDAMENTAL PROCESS CHARACTERISTICS FOR SINKING-EDM OF

CEMENTED CARBIDES AS A FUNCTION OF POLARITY .ottt s 313
Fritz Klocke, Lothar Chrubasik, Andreas Klink, Lars Hensgen

EDM 10: FUNDAMENTALS

FORMATION OF THE WORKPIECE SHAPE AND SURFACE FINISH DURING ELECTRICAL

DISCHARGE MAGCHINING......coeiit ittt sttt e e st e ss b e et e e s teesseeanbeesbeeesteesnbeanbeesraeesreesnneanees 319
V. V. Lyubimov, V. M. Volgin, I. V. Gnidina, M. S. Salomatnikov

THE DISCHARGE CHANNEL FORMATION AND THE MECHANISM OF MATERIAL

REMOVAL DURING ELECTRICAL DISCHARGE MICROMACHINING BY NANOSECOND

L O I SRS 325
V. V. Lyubimov, V. M. Volgin, I. V. Gnidina, M. S. Salomatnikov



FUNDAMENTAL INVESTIGATION OF EDM PLASMAS, PART I: A COMPARISON BETWEEN

ELECTRIC DISCHARGES IN GASEOUS AND LIQUID DIELECTRIC MEDIA ..o 330
M. Wiessner, F. T. B. Macedo, C. P. Martendal, F. Kuster, K. Wegener

FUNDAMENTAL INVESTIGATION OF EDM PLASMAS, PART II: PARAMETRIC ANALYSIS

OF ELECTRIC DISCHARGES IN GASEOUS DIELECTRIC MEDIUM ........coccoiiiiiiiiiec i 336
F. T. B. Macedo, M. Wiessner, G. C. Bernardelli, F. Kuster, K. Wegener

OBSERVATION OF DIFFERENCE OF EDM GAP PHENOMENA IN WATER AND OIL USING

TRANSPARENT ELECTRODE ...ttt ettt ettt s e e et e e st e e e s tt e e e e sab e e e sbae e e stbae e e sabeeesataeeeanees 342
Masanori Kunieda, Tomoo Kitamura

1. ADDITIVE MANUFACTURING

INFLUENCE OF STRUCTURE SUPPORT PRINTING PARAMETERS ON SURFACE FINISH OF

PLA HEMISPHERICAL CUPS FOR EMULATION OF CERAMIC HIP PROSTHESES...........ccoevivvieecie e 347
Irene Buj-Corral, Ali Bagheri, Alejandro Dominguez-Fernandez
3D-PRINTED TUBULAR SCAFFOLDS FOR VASCULAR TISSUE ENGINEERING .........cooooviiiieeiccecieee, 352

Marc Rabionet, Antonio JesUs Guerra, Teresa Puig, Joaquim Ciurana
STUDY ON ARC WELDING PROCESSES FOR HIGH DEPOSITION RATE ADDITIVE
MANUFACTURING.........ccooiiiiiiiicies S T T P P P T P O P PP TP TP NPT 358
Ivantabernero, Amagoia Paskual, Pedro Alvarez, Alfredo Suarez

ADDITIVE MANUFACTURING 2

STUDY OF THE GEOMETRICAL LIMITATIONS ASSOCIATED TO THE METALLIC PART

MANUFACTURING BY THE LMD PROGCESS ..ot 363
Laura Arregui, Iker Garmendia, Joseba Pujana, Carlos Soriano
ADDITIVE MANUFACTURING OF MOULD INSERTS WITH MIRROR-LIKE SURFACES .........cccooiiiiinene 369

Francesco Biondani, Giuliano Bissacco, Peter Torben Tang, Hans Ngrgaard Hansen

IN-PROCESS HEIGHT CONTROL DURING LASER METAL DEPOSITION BASED ON

STRUCTURED LIGHT 3D SCANNING ......coctii ittt ettt ettt e e st e e s eta e e e e bt e e s eabeeesbbeeesabaeesabaeeesnneeas 375
Iker Garmendia, Josu Leunda, Joseba Pujana, Aitzol Lamikiz

CHARACTERISTICS OF FE-, NI- AND CO-BASED POWDER COATINGS FABRICATED BY

LASER METAL DEPOSITION WITHOUT PREHEATING THE BASE MATERIAL .....c..cooviiiiiiee e 381
Pedro Ramiro, Amaia Alberdi, Mikel Ortiz, Aitzol Lamikiz, Eneko Ukar

DESIGN AND MANUFACTURING OF A PROTECTIVE NOZZLE FOR HIGHLY REACTIVE

MATERIALS PROCESSING VIA LASER MATERIAL DEPOSITION ......ooiiiiiie et 387
Magdalena Cortina, Jon Ifiaki Arrizubieta, Jose Exequiel Ruiz, Aitzol Lamikiz, Eneko Ukar

EDM 9: TURBINE BLADE

STUDY OF INTERPOLATION STRATEGIES TO DRESS ELECTRODES BY MEANS OF EDM ........ccccc..... 393
H. Bravo, I. Ayesta, J. A. Sanchez, I. Zamakona, B. Izquierdo, O. Flano, J. Del Campo

JUMP MOTION PLANNING FOR SHROUDED BLISKS MULTI-AXIS EDM WITH SHORT LINE

SEGIMENTS .ttt bttt e e s bt et e ekt oAb e s b £ et e ke e R b e e h e e ke e E £ e A b e eh e e b e e b e oAb e eh e e e R e e b e e bt ehe e b e e be et nneenenreen 399
Hong-Da Liu, Xue-Cheng Xi, Mo Chen, Wan-Sheng Zhao, Hao Chen

EXPERIMENTAL STUDY ON THE INFLUENCE OF ELECTRODE GEOMETRY AND

ELECTRODE PATH ON WEAR PATTERN IN EDM.....cciiiiiiiiiiii s 405
O. Flafio, I. Ayesta, B. Izquierdo, J. A. Sanchez, J. M. Ramos

INTEGRAL SHROUDED BLISK EDM PRE-ROUGH MACHINING BY USING SIMPLIFIED

L I L O I {5 RS S 411
Xiaoming Kang, Yuxuan Yang, Xumuye Tao, Wansheng Zhao
A BLOCK DIVIDED EDM PROCESS FOR DIFFUSER SHAPED FILM COOLING HOLES.........c..cccevvevnenee. 415

Wei Liang, Yong Li, Hao Tong, Quancun Kong

ECM 3: MICRO

IMPACT ANALYSIS OF ELECTROLYTE PRESSURE ON SHAPE ACCURACY OF MICRO
HOLES IN ECM WITH HOLLOW ELECTRODES ........ci ittt sttt 420
Guodong Liu, Yong Li, Quancun Kong, Ligiu Yu



OPTIMIZATION OF PULSED ELECTROCHEMICAL MICROMACHINING IN STAINLESS

RS 1 = USSR 426
P. Rodriguez, D. Hidalgo, J. E. Labarga
STUDY ON KEROSENE SUBMERGED JET ELECTROLYTIC MICROMACHINING..........ccoceeivivieveeceeeen 432

Pingmei Ming, Xinchao Li, Xinmin Zhang, Xudong Song, J. Cai, G. Qin, Xinshuai Zheng

FABRICATION OF AN ELECTRODE INSULATED BY USING HOT DIP ALUMINIZING AND

MICRO-ARC OXIDATION METHOD FOR ELECTROCHEMICAL MICROHOLE MACHINING .................. 438
Jung-Chou Hung, Chih-Yang Ku, Zhi-Wen Fan

1. ULTRASONIC MACHINING

REDUCING EDGE CHIPPING OF MICRO-HOLES WITH ELECTROPHORESIS-ASSISTED

MICRO-ULTRASONIC MACHINING ...ttt bbb e et b bbb e e b e nb e e ane s 444
Junfeng He, Zhongning Guo, Yan Qin, Xiaolei Chen

EFFECT OF CUTTING FLUID DELIVERY METHOD ON ULTRASONIC ASSISTED EDGE

TRIMMING OF MULTIDIRECTIONAL CFRP COMPOSITES AT DIFFERENT MACHINING

CONDITIONS ..ttt bbbttt b e st e s bt e s e e ke e s b e e b e e A e ek e e R b e e b £ a5t e b e eR b e eb e oAb e b e e n b e eb e e b e e ke en b e sb e e s e e nbeentenbeenes 450
Mohamed O. Helmy, M. H. El-Hofy, Hassan El-Hofy

RIVET FASTENING PROCESS FOR CARBON FIBER REINFORCED THERMOPLASTICS

(CFRTP) UNDER ULTRASONIC VIBRATION. MICRO HOLE MACHINING OF CFRTP WITH

A VIBRATED NEEDLE TOOWL ...ttt sttt b bbb e s bt b s b et e b e s be bt snbenbeebeen 456
Hiromitsu Gotoh, Keita Kanno, Takayuki Tani, Yoshiaki Akematsu, Naotake Mohri

ECM 1: JET & CHEMICAL PROCESSES

SPECIFIC AND PROGRAMMABLE SURFACE STRUCTURING BY ELECTROCHEMICAL JET

PROGCESSING ...ttt ettt e ettt e e ettt e s be e e e et tee e e bt e e e sabaee e teeeeasteeeesabaee e teeeeasseeeesabeeeasseeeassseeesnbeeeantaeaanes 460
Ivan Bisterov, Jonathon Mitchell-Smith, Alistair Speidel, Adam Clare

ANALYSIS OF THE FUNDAMENTAL REMOVAL GEOMETRY IN ELECTROCHEMICAL

PROFILE TURNING WITH CONTINUOUS ELECTROLYTIC FREE JET ....oviiiiiiiieeeecee et 466
A. Martin, M. Hackert-Oschatzchen, N. Lehnert, A. Schubert

DERIVATION OF GUIDELINES FOR RELIABLE FINISHING OF ALUMINIUM MATRIX

COMPOSITES BY JET ELECTROCHEMICAL MACHINING ......oooiiiiicec sttt 471
Norbert Lehnert, Matthias Hackert-Oschatzchen, André Martin, Andreas Schubert

THE DEPENDENCE OF SURFACE FINISH ON MATERIAL PRECONDITION IN

ELECTROCHEMICAL JET MACHINING.......oot ittt sttt sb et be e b e snean 477
Alistair Speidel, Jonathon Mitchell-Smith, lvan Bisterov, Adam T. Clare
ELECTROLYTE MULTIPLEXING IN ELECTROCHEMICAL JET PROCESSING.........cccooviiniiiniiienieeenieeen 483

Jonathon Mitchell-Smith, Alistair Speidel, Ivan Bisterov, Adam T. Clare

ECM 2: FUNDAMENTALS

MODELING AND SIMULATION OF THE MATERIAL REMOVAL PROCESS IN

ELECTROLYTE JET MACHINING OF MASS TRANSFER IN CONVECTION AND ELECTRIC

IVEGRATION .. ottt b ekt h bt e st e e bt e s e e bt e R e e b e e b s e b e eR b e e b e e E e ekt eR b e eb e e s b e eb e e nb e e b e e s e e ke e nbenbeebeenbeanean 488
Wu Ming, Guo Zhongninga, He Junfeng, Chen Xiaolei

EFFECTS OF POLARIZATION ON MACHINING ACCURACY IN PULSE

ELECTROCHEMICAL MACHINING .....coiiiiii e bbb ne s 493
Fuzhu Han, Wei Chen, Weicheng Ying, Jin Zhang

A NOVEL MODELING APPROACH FOR THE SIMULATION OF PRECISE

ELECTROCHEMICAL MACHINING (PECM) WITH PULSED CURRENT AND OSCILLATING

CATHODE ...tttk b et b et e bt h ekt e s b e e b e oAb e b e e R b e e b £ e s b e bt eR e eb e e s b e e be e b e e bt et e e b e en b e nbeenbenbeenbenbeenes 499
Fritz Klocke, Lukas Heidemanns, Markus Zeis, Andreas Klink

MODELING AND SIMULATION OF THE MICROSTRUCTURE EVOLUTION OF 42CRMO4

STEEL DURING ELECTROCHEMICAL MACHINING .....cciiiiiiiiiiieree et 505
F. Klocke, S. Harst, M. Zeis, A. Klink



ANALYSIS OF REACTIONS DETERMINING CURRENT EFFICIENCY IN
ELECTROCHEMICAL MACHINING ... .ottt sttt et ss et saeeaeesnaeetaesneeebeesnaneseenneeanneeaneas 511
Garg Mayank, Chu Fuchen, Kunieda Masanori

AJM ABRASIVE FLOWS

ABRASIVE WATER JET DRILLING OF CERAMIC THERMAL BARRIER COATINGS........cccooiiiiiiiciiniee 517
Changshui Gao, Zhuang Liu, Kai Zhao, Chao Guo

A STUDY ON THE ABRASIVE GELS AND THE APPLICATION OF ABRASIVE FLOW

MACHINING IN COMPLEX-HOLE POLISHING ......c.oooiiiiiiiiieeetei e 523
A-Cheng Wang, Ken-Chuan Cheng, Kuan-Yu Chen, Yan-Cherng Lin

NANO-FINISHING STUDIES USING ELASTICALLY DOMINANT POLYMERS BLEND

ABRASIVE FLOW FINISHING MEDIUM ..ottt sttt s a s e snan et e snseenneesneas 529
Mamilla Ravi Sankar, Vijay Kumar Jain, Kamlakar P. Rajurkar

ABRASIVE WATER JET MACHINING OF MULTIDIRECTIONAL CFRP LAMINATES ... 535
M. El-Hofy, M. O. Helmy, G. Escobar-Palafox, K. Kerrigan, R. Scaife, H. El-Hofy

MATERIAL REMOVAL SIMULATION FOR ABRASIVE WATER JET MILLING........cccoociiiiiiniienieieen 541

F. Klocke, T. Schreiner, M. Schiller, M. Zeis

1. EDM 11: MICRO

IMPROVING MACHINING EFFICIENCY METHODS OF MICRO EDM IN COLD PLASMA JET........ccc..... 547
Chengyang Yan, Rimao Zou, Zuyuan Yu, Jianzhong Li, Yaoyang Tsai

THE EFFECTS OF GRAPHITE POWDER ON TOOL WEAR IN MICRO ELECTRICAL

DISCHARGE MAGCHINING ...ttt b bt b bt bt b et et bbb n e es e b e 553
Yoo-Seok Kim, Chong-Nam Chu
STUDY OF MACHINING CHARACTERISTICS OF MICRO EDM IN NITROGEN PLASMA JET ......ccccocoueee. 559

Rimao Zou, Zuyuan Yu, Chengyang Yan, Jianzhong Li, Jun Qian

EDM 13: MICRO HOLE

RESEARCH ON THE REAL-TIME WEAR OF WIRE ELECTRODE DURING THE

ELECTRICAL DISCHARGE MACHINING (EDM) OF PRECISION MICRO HOLE.........cccccoviiiiiincicieeen 565
Liu Jianyong, Guo Jianmei, Ding Liantong, Cai Yanhua, Sun Dongjiang

BREAK-OUT DETECTION FOR HIGH-SPEED SMALL HOLE DRILLING EDM BASED ON

MACHINE LEARNING ...ttt e et e s e e s te e st e e te e e st e e s teesabe et e e e steesateenbeesteeesteesnseenteeenneesaeenneeanres 569
Xia Weiwen, Wang Junqi, Zhao Wansheng

REALIZATION OF HIGH-SPEED MICRO EDM FOR HIGH-ASPECT-RATIO MICRO HOLE

WITH MIST NOZZLE ..ottt ettt s b et b s e bt st ke a8 e s bt e Rt e ke e s b e s b e e bt e beene e s be e b e e beaneenaenteen 575
Wataru Natsu, Hiroki Maeda

STUDY ON DEBRIS BEHAVIOR AND ITS INFLUENCE ON EDM CHARACTERISTICS IN

DEEP MICRO-HOLE MACHINING .....oiiiiie sttt e et ss e e te e sraeeaaessteesteesneeeseesnaneseennseanneenrean 578
Guodong Li, Wataru Natsu, Zuyuan Yu

CHARACTERIZATION OF CIRCUMFERENTIAL SURFACE ROUGHNESS OF MICRO-

EDMED HOLES USING REPLICA TECHNOLOGY .....oiiciiiiie ettt ettt stee st ste et e e snaesnaeesnaesnaaennneaneas 582
Krishna Kumar Saxena, Mattia Bellotti, Jun Qian, Dominiek Reynaerts

EDM 15: MICRO

STUDY OF MACHINING ACCURACY OF MICRO PUNCHING MOLD USING MICRO-EDM............cccocvnune 588
Zhijie Zeng, Dongping Li, Zuyuan Yu, Xiaolong Yang, J. Li, Renke Kang

INFLUENCE OF ELECTRODE TOOL LENGTH ON THE MICRO EDM DRILLING

PERFORIMANCE ...ttt bbb bbb a b e b e b e R b oAb e e b e e b e e a b e b e e b e e R e e s b e s b e e e e b e e sb e b e et b e s 594
Grzegorz Skrabalak

INTENSIVE STUDY ON THE ELECTROSTATIC FIELD INDUCED ELECTROLYTE JET

MICRO ELECTRICAL DISCHARGE MACHINING ..ottt 599
Zhang Yaou, Zhao Wansheng, Kang Xiaoming
INFLUENCE OF TOOL SIZE ON MACHINING CHARACTERISTICS OF MICRO-EDM .......ccccooiiiiiiienin 604

Kan Wang, Qinhe Zhang, Guang Zhu, Yuhua Huang, Jianhua Zhang



ENHANCEMENT OF THE MICRO-EDM PROCESS FOR DRILLING THROUGH-HOLES............cccoceveienee. 610
Mattia Bellotti, Jun Qian, Dominiek Reynaerts

EDM 16: MICRO

A NEW MICRO-EDM DISCHARGE STATE MONITORING METHOD BASED ON

IMPEDANCE-MEASURING........oiitiiiie ittt b et h e bt s he e s et b e e bt e bt e et e b e e bt ebe e neeebe e b e sbeeeesbeebesneenes 616
Q. Jing, Y. B. Zhang, J. M. Chen, L. Y. Xu, R. J. Wu

A BIPOLAR PULSE POWER GENERATOR FOR MICRO-EDM ......cccoiiiiiiiiiiiiiieeeniee st 620
Jiao Yang, Fei Yang, Han Hua, Yong Cao, C. Li, Bin Fang

REANALYSIS OF DISCHARGE VOLTAGE OF RC-TYPE GENERATOR IN MICRO-EDM........cccccoviinnicne. 625

Han Hua, Fei Yang, Jiao Yang, Yong Cao, C. Li, Fuming Peng

MACHINING CHARACTERISTICS OF AN RC-TYPE GENERATOR CIRCUIT WITH AN N-
CHANNEL MOSFET IN MICRO EDM ...ttt ettt se et et sste et sneeantaesnaeetaesnseannaesneeennaennsaanes 631
Hyeong-Gyun Cheong, Yoo-Seok Kim, Chong-Nam Chu

1. EDM 12: PCD & PCBN

RESEARCH ON ELECTRICAL DISCHARGE GRINDING TECHNICS AND TOOL'S LIFE OF

POLYCRYSTALLINE CUBIC BORON NITRIDE CUTTING TOOL ...oocoiiiiiiiee ettt 637
Yunhai Jia, Linxin Zhu

IMPACT ANALYSIS OF ELECTRODE MATERIAL ON ELECTRICAL DISCHARGE

GRINDING POLYCRYSTALLINE DIAMOND CUTTING TOOLS. ...ttt ettt 643
Yunhai Jia, Jiangang Li

APPLICATION OF MICRO STRUCTURED, BORON DOPED CVD-DIAMOND AS uyEDM TOOL

ELECTRODES . ... ..ottt et e e ettt e e st e e e e tae e e e bbe e e sabe e e e teeeeesteeeesabeee e teeeeassbeeesabeeeasbeeeassseeesnbeeeantaaeanes 649
Eckart Uhlmann, Dirk Oberschmidt, Robert Bolz

EDM 14: EQUIPMENT

HIGH EFFICIENT ELECTRICAL DISCHARGE MACHINING BY SERVO VOLTAGE

ADAPTIVE CONTROWL ...ttt bbbt b b e bt b e b e e a e s bt b e e b e ehb e bt e bs e bt e b e bt nreen 654
Xin Mu, Ming Zhou, Shengzuo Yao, Jianwei Yang

A STUDY OF THE DEBRIS EXCLUSION FOR VARIOUS CROSS-SECTION ELECTRODES IN

LINEAR MOTOR EQUIPPED DEEP CAVITY EDM PROCESS .........coooiiiiiiiie ittt 660
Y. S. Liao, F. Y. Liang, Y. Y. Tsai

STABLE AND FAST ELECTRICAL DISCHARGE MACHINING TITANIUM ALLOY WITH

MIMO ADAPTIVE CONTROL SYSTEM ...ttt ettt 666
Hongyan Jing, Ming Zhou, Jianwei Yang, Shengzuo Yao
AN EXTENDED ADAPTIVE CONTROL SYSTEM FOR EDM .....coiiiiiiiiii e 672

Ming Zhou, Hongyan Jing, Jianwei Yang, Shengzuo Yao, Liang He

DESIGN OF A HIGH DYNAMIC PIEZO MODULE FOR RESOURCE-EFFICIENT

ELECTROTHERMAL PRECISION ABLATION ...ttt sttt se et aa s e snteesneesnaeesneesnanensaesnsaanneeaneas 678
T. Berger, H.-P. Schulze, M. Hackert-Oschéatzchen, M. Herzig, A. Kroning, A. Schubert

ECM 6: APPLICATIONS

EXPERIMENTAL RESEARCH ON IMPROVING ECM ACCURACY AND STABILITY FOR

DIAMOND-HOLE GRILLES. ... ..ottt bt b et b et b e s e s bt s e e bt st e b e e st e et e e nbenbeennenbeaneas 684
Jianshe Zhao, Feng Wang, Xiangli Zhang, Zhenwen Yang, Y. Lv, Yafeng He

FLOW FIELD DESIGN AND EXPERIMENTS ON PULSE ECM OF LARGE-LEAD BALL NUT

RACEWAY DURING TOOL CUTTING-OUT STAGE ..ottt 690
Hongping Luo, Guixian Liu, Yongjun Zhang, Chuanyun Zhang, Wataru Natsu

MACHINING OF SMALL CURVED HOLE USING ELECTROCHEMICAL MACHINING

PROCESS ...ttt bbbt a e bt 1R e s e b e e h e e R e e R oAb e e b E R e oAb e b e e R e R R e R e R b e bR R e b e r e anr s 694
Mitsuo Uchiyama, Tomohiro Hasegawa



WIRE ELECTROCHEMICAL GRINDING OF TUNGSTEN MICRO-ROD WITH
ELECTROSTATIC INDUCTION FEEDING METHOD .......ccoiii ettt et eraa e 699
Wei Han, Masanori Kunieda

ECM 7: EXPERIMENTAL STUDY

INVESTIGATION OF THE MATERIAL REMOVAL PROCESS IN COUNTER-ROTATING

ELECTROCHEMICAL MACHINING ...ttt ettt et etv e e s ta e e s eabe e e sebaesesabseeaetaeeesnbeeesasbeeeanees 704
Dengyong Wang, Bin He, Zengwei Zhu, Di Zhu

INVESTIGATION OF INFLUENCE FACTORS OF SURFACE ROUGHNESS AT CORNER AREA

IN ECM PROGCESS. ... ..ottt ettt ettt s e b e st e et te e s ab e e be e e abe e shseeabe e s baeesbeesabeeabeeeraeeabeesabeeabeeeteesabeenteeareean 709
Dahai Mi, Hongping Luo, Wataru Natsu

STUDY ON THE INFLUENCE OF THE PROCESSING SPEED IN THE GENERATION OF

COMPLEX GEOMETRIES IN ALUMINIUM MATRIX COMPOSITES BY

ELECTROCHEMICAL PRECISION MACHINING ......oii ettt ettt e st e e et eeate e e eataaeenns 713
Norbert Lehnert, Gunnar Meichsner, Matthias Hackert-Oschatzchen, André Martin, Andreas Schubert

AN EMPIRICAL MODEL FOR CONTROLLING CHARACTERISTICS OF MICRO CHANNEL

MACHINED USING ABRASIVE ASSISTED ELECTROCHEMICAL JET MACHINING..........c..ccoeeiviiiiiecee, 719
Zhuang Liu, Changshui Gao, Kai Zhao, Chao Guo

EXPERIMENTAL INVESTIGATIONS OF CUTTING RATES AND SURFACE INTEGRITY IN

WIRE ELECTROCHEMICAL MACHINING WITH ROTATING ELECTRODE...........ccociiiiiiie e 725
F. Klocke, T. Herrig, M. Zeis, A. Klink

1. ECM 4: SURFACE

INVESTIGATION ON THE ECM CUT-IN OF LARGE-LEAD BALL NUT RACEWAY ....ccociiiiiiieiieeenis 731
Chuanyun Zhang, Yongjun Zhang, Xiaolei Chen, Shuzhen Jiang, H. Luo, Guixian Liu

AFM OBSERVATION OF INITIAL OXIDATION STAGE OF 4H-SIC (0001) IN

ELECTROCHEMICAL MECHANICAL POLISHING ......coiiiiiiit et 735
Xu Yang, Yuji Ohkubo, Katsuyoshi Endo, Kazuya Yamamura

FAST MESOSCALE TEXTURING BY MULTI-ELECTRODE SCANNING MICRO

ELECTROCHEMICAL FLOW CELL ..ottt et 741
Cheng Guo, Krishna Kumar Saxena, Mattia Bellotti, Jun Qian, Dominiek Reynaerts

ECM 5: ADVANCED MATERIALS

INFLUENCE OF MACHINING CONDITIONS ON ECM CHARACTERISTICS OF TITANIUM

ALLOY IN SHAPE GENERATION BY SCANNING TOOL ELECTRODE.......c...ccove it 746
Saori Hizume, Wataru Natsu

THE ELECTROCHEMICAL DISSOLUTION BEHAVIOR RESEARCH OF TITANIUM ALLOY

UNDERDIFFERENT ELECTROLYTE ... ..ottt ettt ettt sate e e s ata e e e ettt e e e at e e e aatseeataeeesnbaeeeasbeaeannes 751
Yafeng He, Huaxing Xiao, Weimin Gan, Qing Yu, Feihong Yin

ELECTROCHEMICAL MACHINING OF y-TIAL INTERMETALLIC BLADES BY USING THE

STAINLESS STEEL ANTI-COPIED TOOL ELECTRODES.........cooitiiiitie ettt ettt et 757
Jia Liu, Hao Wang, Di Zhu

SIMULATION OF THE TOOL SHAPE DESIGN FOR THE ELECTROCHEMICAL MACHINING

OF JET ENGINE VANES ... oottt ettt s et s e e st e e s ab e e be e s ha e e sheesabe e beeesbeesbsesabeeateeebeesabeenbeesrneenreens 762
A. Ernst, T. Heib, T. Hall, G. Schmidt, D. Bahre

EXPERIMENTAL STUDY ON THE ECM AND PECM OF PRESSED AND CASTED y-TIAL

ALLOYS FOR AERO ENGINE APPLICATIONS. ...ttt ettt e e e e et e e e et e e e etae e e e ebae e e saraaeannes 768
H. Y. Li, F. Klocke, M. Zeis, T. Herrig, L. Heidemanns

HYBRID PROCESSES 2

DOPING OF ALUMINA SUBSTRATES FOR LASER INDUCED SELECTIVE METALLIZATION.................. 772
Philipp Ninz, Frank Kern, Eugen Ermantraut, Hagen Miller, W. Eberhardt, A. Zimmermann, Rainer Gadow

A TUBE ELECTRODE HIGH-SPEED ELECTROCHEMICAL DISCHARGE DRILLING

METHOD WITHOUT RECAST LAYER ...ttt st ettt sb et st e et aennean 778
Zhengyang Xu, Chenxiang Zhang



PULSE EFFICIENCY AND GAP STATUS OF ROTARY ULTRASONIC ASSISTED

ELECTRICAL DISCHARGE MACHINING AND EDM MILLING ........cociiiiiie e

Albert Wen-Jeng Hsue, Tian-June Hab, Tsung-Ming Lin
STUDY ABOUT THE INFLUENCE OF POWDER MIXED WATER BASED FLUID ON MICRO-

EDIM PROCESS ..ottt bbb bbb bbb s

F. Modica, V. Marrocco, M. Valori, F. Vigano, M. Annoni, I. Fassi

AUTOMATED ANALYSIS OF PULSE TYPES IN HIGH SPEED WIRE EDM........cccooiiiiiiiiiie

Kai ORwald, Ingo Lochmahr, Hans-Peter Schulze, Oliver Kréning

EDM 17: MILING

MACHINING STRATEGY AND KEY PROBLEMS FOR 3D STRUCTURE OF MICRO-EDM BY

FIX-LENGTH COMPENSATION METHOD WITH TUBULAR ELECTRODES...........cccooiiiiiiiiii,

Jingyu Pei, Yebin Liu, Yietian Zhu, Lenan Zhang, X. Zhuang, Shukun Wu
PROCESS ON SINGLE CHANNEL SCANNING MILLING OF MICRO-ELECTRICAL

DISCHARGE BASED ON INTEGRATION MECHANISM .....c.couiiiiiiiiiiieecee s

Rang-Jie Wu, Yong-Bin Zhang, Guang-Min Liu, Yan-Hua Lei, Zhi-Qun Wu

SMART GENERATOR FOR MICRO-EDM-MILLING ........ccccoeiiiiiiiiii e

Nicola Giandomenico, Jacques Richard, Florian-Henri Gorgerat, Arnaud Robert
ELECTRODE PROFILE PREDICTION AND WEAR COMPENSATION IN EDM-MILLING AND

MICRO-EDM-MILLING ... s

Jacques Richard, Nicola Giandomenico
MACHINE TOOL AND TECHNOLOGY FOR MANUFACTURING OF MICRO-STRUCTURES

BY MICRO DRY ELECTRICAL DISCHARGE MILLING .......cooiii s

Eckart Uhlmann, Ivan Perfilov
Author Index





