Proceedings of the 7" euspen International Conference — Bremen - May 2007

Proceedings of the 7™ International
Conference european society for
precision engineering and
nanotechnology

May 20" — May 24™ 2007
Bremen, Germany

Volume Il

Editor: E. Thornett
Local Organising Committee: E. Brinksmeier
O. Riemer
C. Flucke
G. Goch
P. McKeown

- .®°  euspen




Proceedings of the 7" euspen International Conference — Bremen - May 2007

Contents

Volume Il

Session 5: Ultra Precision Machines & Control.............3
‘Three Generations of Stage Architecture and Control’-

Mr Hans Butler, ASML...........ccooiiiiiiiiiiin, 153
Session 6(1) & (Il): Ultra Precision Manufacturing &
ASSEMDIY.....o 157
Session 7: Latest Ultra Precision, Micro and Nano
Product and Technology Developments.................. 436
Session 8: Best Practice in Precision, Micro and Nano
Engineering Education....................oo 537
euspen sponsoring corporate members.................. 550
o IBS Precision Engineering..............cccovuae. 552
o Moore TOOIS......coiviiiii e 553
o Precitech..........ooi 554
o Cranfield Precision.............cccoooiiiiiiiiiinn. . 555
o Heidenhain..............cooiii 557
o Renishaw............oo 558
euspen Life Time Achievement Award Winners........ 559

List Of AULNOIS. ..o e, 565



Proceedings of the 7" euspen International Conference — Bremen - May 2007

05.1

05.2

05.3

05.4

05.5

18.00-
18.20

06.1(a)

Oral Session 5: Ultra Precision Machines & Control
Chairmen:
Prof. C. Brecher, Fraunhofer IPT, Germany
Mr N. Marsilius, PMT Group, USA
Keynote: 5Vv2
High precision line scale calibrations with the PTB
nanometer
Comparator
J. Flugge, R. Kdning, H. Bosse
Physikalisch-Technische Bundesanstalt, PTB, Braunschweig,
Germany
9V2
Sub-Micron Motion Tracking Using Inertial Sensors and
Discrete Time Mathematical Models of Motion
W. J. E. Teskey, S. A. Spiewak
Department of Mechanical and Manufacturing Engineering,
University of Calgary, Canada

Design and realization of a measurement machine for the 13Vv2
Universal non-contact measurement of large freeform

optics with 30 nm uncertainty

R. Henselmans!, L. A. Cacace’, P.C.J.N. Rosielle’ and M.
Steinbuch®

“Technische Universiteit Eindhoven, Faculty of Mechanical
Engineering, Control Systems Technology, PO Box 513, 5600

MB Eindhoven, The Netherlands “Ac Optomechanix,
Dauwendaelsestraat 36, 4337 LB Middleburg, The Netherlands

Ultraprecise Compact Five-Axes Grinding Machine

Prof. C. Brecher, P. Utsch, Dr. C. Wenzel

Fraunhofer IPT, Germany

Use of SoftMotion Platform in Ultra Precision Magnetically 17 V2
Levitated 6-DOF Manipulators

A.J.W. van Lievenoogen, G.Z. Angelis, G. Haagh, A.F. Bakker

Philips Applied Technologies, Netherlands

‘Three Generations of Stage Architecture and Control’ 21
Hans Butler, Mechatronic Systems Development, ASML V2
Chairman:

Prof. P McKeown
Session 6(l): Ultra Precision Manufacturing &
Assembly
Chairmen:
Prof. Moriwaki, Kobe University, Japan
Dr Reinhard Welle, THK GMbH, Germany
Keynote: 158
The Ignition Target for the National Ignition Facility V2
L. J. Atherton®, E. I. Moses, J. Kilkenny?
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'Lawrence Livermore National Laboratory, Livermore CA USA
94550 General Atomics, San Diego CA USA 94550

06.2(a) New approches in laser-based micro adjustment as a key 164
technology for ultra precision assembly V2
Michael Schmidt, Manfred Dirscherl
Bavarian Laser Centre (BLZ gGmbH), Erlangen, Germany

06.3(a) Ultraprecision Polishing of Micro Aspherical Molds with 169
Steep Angle by Ultrasonic Two-Axes Vibration V2

H. Suzuki, A. Inagaki, T. Moriwaki, T. Okino and Y.
HijikataMechanical Engineering, Kobe University, Rokkoh, Nada,
Kobe, 657-8501, Japan

06.4(a) Diamond Micro Chiselling — Cutting of Prismatic Micro-Optic 173
Arrays V2
C. Flucke, R. Glabe, E. Brinksmeier
Laboratory for Precision Machining, University of Bremen,
Germany
Session 6(l): Ultra Precision Manufacturing & Assembly
Chairmen:
Mr K. Carlisle, LLNL, USA
Prof. J. van Eijk, Philips Applied Technologies, NL
06.1(b) Keynote: 177
Process Chain for the Manufacturing of Micro Mechanical V2
Parts and Moulds
Prof. J Fleischer
Institute of Machine Tools & Production Science (WBK), Universitat
Karlsruhe
06.2(b) Imprinting Continuously Varying Topographical Structure onto 181
Large-Aperture Optical Surfaces using Magnetorheological V2
Finishing
J. A. Menapace’, P. J. Davis’, S. Dixit', J. H. Campbell*, D.
Golini?>, M. R Hachkowski®, and A. Nelson®
1University of California, Lawrence Livermore National Laboratory,
P.O. Box 808, 7000 East Avenue, L-491, Livermore, CA 94550-
9234 2QED Technologies, LLC, 1040 University Avenue, Rochester
NY 14607 SZygo Corporation, P.O. Box 448, Middlefield, CT
06455-0448 United States of America

06.3(b) Handling of micro objects: investigation of mechanical gripper 185
functional surfaces V2
A.Gegeckaite, H.N.Hansen, L. De Chiffre, P.Pocius
Department of Manufacturing Engineering and Management,

Technical University of Denmark

06.4(b) Diamond Machining of Free-Form Surfaces: A Comparison of 189
Raster Milling and Slow Tool Servo Machining V2
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J. Osmer®, S. Weingartnera, M. Frohlich®, J. Bliedtner®, W. Burger®,
E. Brinksmeier®

LFM — Laboratory for Precision Machining, University of Bremen,
Germany ® JENOPTIK Polymer Systems GmbH, Triptis, Germany
“University of Applied Sciences Jena, Faculty SciTec, Jena,
Germany

06.5(b) Shape correction of steep curved surfaces using plasma 193
chemical vaporization machining with a hemispherical tip V2
electrode
H. Tzakinol, K. Ara', N. Shibata', K. Yamamura®, Y. Sano?, and Y.

Mori
(2)Nikon Corporation, Japan (2)Osaka University, Japan

Oral Session 7: Latest Ultra Precision, Micro and Nano
Product and Technology Developments
Chairmen:
Prof. B. Nelson, ETH, Zurich
Dr. K Beckstette, Carl Zeiss
0O7.1 Keynote: 437
Monitoring of Micro Machining Operations V2
G. Brudek, J.P. Wulfsberg
Helmut-Schmidt-University / University of the Federal Armed Forces
Hamburg, Laboratory of Production Engineering (LaFT),
Holstenhofweg 85, D-22043 Hamburg, Germany

Q7.2 ELID grinding characteristics and surface modifying effects on 441
precise lens mold materials V2
K. Katahira', H. Ohmori', T. Saito®, J. Komotori’, M. Mizutani®
1 RIKEN(The Institute of Physical and Chemical Research), Japan
2 Keio University, Japan

0O7.3 Atomic Plane Electrical Contacts 445
A.C. Weber', J.H. Lang®, A.H. Slocum', G. Bassiri®, B.M. Dvorak®, V2
D.A. Lucca®

1Department of Mechanical Engineering, Massachusetts Institute of
Technology, 77 Massachusetts Avenue, Room 3-470, Cambridge,
MA 02139 USA 2Department of Electrical Engineering and Computer
Science, Massachusetts Instltute of Technology, Room 10-176,
Cambridge, MA 02139 USA *School of Mechanical and Aerospace
Engineering, Oklahoma State University 218 Engineering North,
Stillwater, OK 74078 USA

0O7.4 The Nanoconverter: a novel flexure-based mechanism to 449
convert mlcrons into nanometers V2
S. Henein® 2, M. Stampanoni?, U. Frommherz?, M. Riina’
'Centre Smsse dEIectronlque et de Microtechnique, 2002
Neuchatel, Switzerland “Paul Scherrer Institut, 5232 Villigen PSI,
Switzerland
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O7.5 Fabrication of Sputtered Resistance Strain Gauges on Curved

P5.1

P5.2

P5.3

P5.4

P5.5

P5.6

P5.7

P5.9

Surfaces
D. Hagedorn, R. MeelR3, and F. Loffler
Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Session 5: Ultra Precision Machines & Control

Thermal behaviour of a micro EDM milling machine
andinfluence on electrode wear compensationG. Bissacco, H.
N. Hansen, B. D. Wiwe

Control of the Micro Welds Quality by Stabilization
thelnterelectrode VoltageAlexander Filipov, Irina Boyko

New systematic and time-saving procedure to design a
typeseries of complex shaped tools for the application of
ultrasonic assisted grindingProf. C. Brecher, R. Schug, A.
Weber, C.Wenzel

Encounters in assembly of ultra-precision machinesEric S.
Buice*, Stuart T. Smith, Jerald L. Overcash and Robert J. Hocken

Design of the spiral groove bearings for a compact
highspeed turbine

Guido M.J. Delhaesl, A. van Beek 1, R.A.J. van Ostayenl, R.H.
Munnig Schmidtl

X and Y calibration of the LNE ultra precision coordinate
measuring machine

S. Ducourtieux1, F. Larsonnierl, L. Lahoussel, S. Leleu2, J.
David2, G.P. Vailleaul

Innovative Drive System for High Precision Milling in
MicroMold Making

J. EBmannl, E. Uhimannl, R. Wissner2, E. Wings3

An Adaptive Parametric Programming System for Ultra
Precision Manufacture of Freeform Optics
L. M. Fok1, C. C. Wong2, Derek Louie3 and L. M. Li4

453
V2

25V2

29 V2

33V2

37V2

41V2

45V2

49 V2

53 V2
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P5.10 Vertical Axis Setup for Nanopositioning Applications 57 V2

R. Theskal, T. Frankl, M. Lotz2, T. Hackell

P5.13 High precision clamping device 61 V2
R. Haberland, J. C. Aurich, G. M. Schueler, K. H. Schmidt, J.
Engmann,

P5.14 Carbide Shaft diamond grinding tools with ultralow run- 65 V2

outand coating - uncoating and recoating possibilities
Prof. Dr. Ing. R. Haberland, Prof. Dr. Ing. J. Aurich

P5.16 Micro hydro-forming process and machine system 69 V2
forminiature/micro products

C. Hartll, J. Lungershausenl , J. Eguia2 , Uriarte2 , F. Lopez
Garcia2

P5.17 Absolute Distance Interferometry using two Diode Lasers 73 V2
L. Hartmann, K. Meiners-Hagen, A. Abou-Zeid

P5.18 Development of the New Spanish National Primary Pressure 77V2
Standard

A. Herrerol, J. Eguial, L. Uriartel, C. Matilla2, S. Ruiz2

P5.19 Modelling and control of two-axis direct drive slides with 81V2
application to nano/micro machining

Dehong Huo, Kai Cheng

P5.20 Design of a Vacuum-Compatible Air Bearing for High- 85 V2
Vacuum Environment

G. Khim1, C.H. Parkl, H. Leel, S.-W. Kim2

P5.25 Model of Displacement Induced Local Forces in Rotational 89 V2
Grinding

D.Loganl, E.Ahearnel , D. Sohn2, G.Byrnel



Proceedings of the 7" euspen International Conference — Bremen - May 2007

P5.26 Z calibration of the LNE ultra precision coordinate measuring 93 V2
machine

L. Lahoussel, S. Leleu2, J. David2, O Gibaru2, S. Ducourtieux1
P5.28 Compensation of refractive index of air 97 V2
K. Meiners-Hagen, A. Abou-Zeid

P5.32 A novel system and novel methods for the active tilt 101
stabilisation of an optical table V2

V. Nesterovl, L. Frumin2, A. Pelyushenko3, U. Brandl

P5.33 A Simple and Compact Stage for Angular Alignment of 105
Mirrors V2

Tino Noll, Thomas Zeschke

P5.35 Process monitoring of high speed small diameter drilling 109
operations —influences of scale V2

G.E. O’'Donnelll, Kevin Kelly1l

A new apparatus for cylindricity measurement with

uncertainty less than 25 nm 113
P5.36 \
O.Thevenotl, C. Consejol,A. Bounouhl, J. David2,1, M. Cuqg3, P.
Noiré3
P5.37 Improvement of the Motion Accuracy in the Linear Motion 117
Bearing Table V2

C.H. Parkl, G. Khim1, E. Shamoto2, H. Leel, S.-W. Kim3

P5.38 An angular reversal technique for error separation betweena 121
dual axis electronic autocollimator and a PZT tilting platform V2

R. Probstl, G. Fittererl, J. lllemannl, J. Mokros$2, P.K. Lui3, E.
Bachish4

P5.40 Compensation of 3-DOF Motion Errors of A 1-Axis Linear Air 125
V2

Bearing Stage with Active Magnetic Preload



Proceedings of the 7" euspen International Conference — Bremen - May 2007

S.-K. Rol, S. Kim2, Y. Kwak2, C.H. Parkl

Transversal and axial compliances of optimised flexural 129
hinge shapes V2

S. Zelenikal™®, M. Gh. Munteanu2*, F. De Bona2$

P5.42

P5.4 Coarse and Fine Alignment System using Moire 133
Interference Phenomena V2
Yoshihisa Uchida

P5.44 Air bearing design for micro-turbomachinery 137 V2
applications
T. Waumans, P. Vleugels, J. Peirs, F. Al-Bender,
D. Reynaerts

P5.45 The Mechanical Design of a 3 axis nano-contouring 141 V2
Stage
T. Wemyss, J. Phelan,

P5.47 A newly developed linear motor-driven ultrasonic 145 V2
levitation nano-positioning table system
H.Yoshioka', M. Takahashi', T.Gokan" and H.Shinno®

P5.48 Measurement of a Contact-Point Temperature between 149 V2
a
Single-Crystal-Diamond Tool, and a Tungsten-Carbide
Disk

A.Yui', T.Tanaka', S.Okuyama®, T.Kitajima®

Posters
Sessions 6-8

Session 6: Ultra Precision
Manufacturing & Assembly

P6.1 A lightweight suction gripper for micro assembly 197
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E.J.C. Bos', J.E. Bullema®, F.L.M. Delbressine*, P.H.J. V2
Schellekens', A. Dietzel*

P6.2 An Investigation on Chip Formation in Ultra- 201
precision Cutting of Titanium Alloy with Coated- V2

Cemented-Carbide Tool at Low Cutting Speed
H. Yasui?, A. Shinozaki'

P6.3 Semi empiric force models for micromilling 205
P. Aristimufio®, P. Arrazola®, N. Ortega’, J. Aperribay?, I. V2
Ruiz’, I. Gallego®

P6.4 Experimental Characterization of micromilling 209
tempered steel V2

P. Aristimufio®, P.J. Arrazola', E. Gandarias™?, J.
Aperribay', B. Guridi, I. Gallego*

P6.5 Ultrafast laser micromachining of zirconia ceramic 213
on an industrial processing station V2
Niko Barsch', Stephan Barcikowski', K. Werelius?, K.
Baier®

P6.6 Precision Grinding of Steel and PVD-Hard Coatings 217
Y. Mutlugiines?, D. Grimme®, K. Rickens®, E. V2
Brinksmeier®

P6.7 N . . 221
Force Application in Chemical Mechanical V2

Planarisation
C. Ruddy, E. Ahearne, G. Byrne

P6.8 Micro-scale machining of stainless steel using 225
tungsten carbide micro tools V2
X. Din%a, G. C. Lim?, E. Brinksmeier®, O. Riemer®, J.
Osmer”, D. L. Butler*®

P6.9 Lens Centering by Servo Turning 229

A. Gebhardt, R. Steinkopf

P6.10 Automation of 3D micro object handling process 233
A. Gegeckaite, H.N. Hansen V2
P6.13 Surface finishing of ground microstructured glass 237

molds V2




P6.14

P6.16

P6.19

P6.20

P6.21

P6.22

P6.23

P6.24

H. Schulte, O. Riemer, E. Brinksmeier

Application of Thin Wire EDM to the Production of
Tooling for Microreplication
A. Herrero®, L. Uriarte?, S. Azcarate®, J. Esmoris*

Hot embossing moulding evaluation of micro
features

generated by single point diamond turning

Robson Alves de Oliveira, Renato Goulart Jasinevicius
,Jaime Gilberto Duduch

Design and Fabrication of a Novel Cryogenic Laser-
Driven Ignition Target

Jeffrey Klingmann*[1], Jeffrey Atherton [1], Tom Bernat
[2], John Burmann [3], Elizabeth Dzenitis [1], Emilio
Giraldez [2], Ben Haid [1], James Kaae [2], Joseph
Kilkenny [2], Terry Malsbury [1], Evan Mapoles [1],
Michael Mauldin [2], Richard Montesanti [1], Abbas
Nikroo [2], Jack Reynolds [1], Kambiz Salari [1], Richard
Seugling [1], Carolyn Vargas [1], Todd Weisgraber [1],
Zabrina Zimmerer [2]

EDM and ECM Trueing and Dressing of Fine Grained
Metal Bonded Diamond Grinding Wheel Layers
F. Klocke®, A. Klink®, U. Schneider?, A. Gruentzig?

Micro-ultrasonic assisted lapping of brittle materials
M. J. Klopfstein, O. Riemer, E. Brinksmeier

Influence of process parameters on the ductile
machining of silicon
Rusnaldy', Tae Jo Ko', Hee Sool Kim*

An Integrated Platform for the Fabrication and
Characterizaiton of Ultra-precision Freeform Surfaces
for Automotive Lighting

L.B. Kong"’, C.F. Cheung",W.B. Lee’, S.To", KW
Cheng?, and N.C. Cheung®

Experimental Research on Quality of Microholes
Machined Using Modified Microdrills
L. Kudla
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241
V2

245
V2

249
V2

253
V2

257
V2

261
V2

265
V2

269
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P6.25 273

Influence of Spatial Orientation of Polymer V2
Workpiece upon Character of Directional Fracture in
Microcutting Process

S. Lavrynenko

P6.26 277
V2

Precision machining of silicon carbide with coarse-
grained diamond wheels
Q. L. Zhao', Y. C. Liang", E. Brinksmeier?, O. Riemer?,
K. Rickens?

P6.27 Ultra-precision Machining of Micro-step Array for 281
Spectrometer Sensing V2
K. Liu, H. Wu, S.T. Ng and T.B. Thoe

P6.28 Diamond machining of diffractive optical patterns by 285
nanometer-stroke Fast Tool Servo V2
E. Brinksmeier, R. Glabe, B. Liinemann

P6.29 Displacement of an object placed in an electric field: 289
application to micro-assembly. V2
M. Sausse Lhernould, A. Delchambre, S. Régnier, P
Lambert

P6.30 Miniaturised Airbearing Stage with Friction and 292
Force Free Transmission of Pneumatic Energy V2
C. Brecher, M. Freundt, C. Wenzel

P6.31 A New Probe for Non-Contact Measurement of 296
Radius and Roundness in in-Process. V2
K. Vacharanukul, S. Mekid

P6.33 Development of Fabrication Technique of the 300
Electrode Used for Electrode-Contact Discharge V2
Truing
M. Mizuno®, T. lyama*

P6.34 Joining procedures for a high precision assembly of 304
micro-optical systems V2
Mohaupt, M., Beckert, E., Banse, H., Eberhardt, R.,
Tunnermann, A.

P6.35 New Finishing Process of Co-Cr-Mo Alloy Head for 308
Artificial Hip Joints- Using Ultra-precision Cutting V2

and Large Area Electron Beam Machining
Hiroyuki YODEN", Mitsuo YOSHIKAWA?, Seiichi
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YOKOMIZO*,
Kouichi KURAMOTO?, Kunihiko FUJIWARA?, Toshiaki
KANEEDA®

P6.36 Ultraprecision Diamond Cutting of Steel by \3/22
Intermittent Cutting
T. Moriwaki®, T. Shibasaka®, H. Suzuki*

P6.38 Diamond Turning of Ultrafine Grained Aluminium 316
Alloys V2
J. Osmer®, O. Riemer?, E. Brinksmeier?, A.
Rosochowski®, L. Olejnik®, M. Richert®

P6.39 A Support System of Operation Planning for a Parallel 320
Kinematic Machine Tool V2
K. Nakamoto, K. Otake, H. Mori, T.Moriwaki, H.Suzuki

P6.40 Modelling Compliance in Chemical Mechanical 324
Planarisation V2
P. Timoney', E. Ahearne', G. Byrne®

P6.42 Micro Injection Moulding — Status and Perspectives 328

V2

V. Piotter, M. Beck, K. Plewa, R. Ruprecht, J. Hausselt

P6.43 Experimental Study on the growth of Oxide Layer in 332
ELID Grinding V2
I. Biswas, T. Saleh, A. Senthil Kumar, H. S. Lim, M.
Rahman

P6.44 Identification of operating parameters for improved 336
performance of micro-EDM of Tungsten Carbide V2
M.P. Jahan, Y.S. Wong, M. Rahman

P6.45 In-Process Laser-Scanning Technology for Micro 340
Assembly V2
S. Rathmann, A. Raatz, K. Schéttler, J. Hesselbach

P6.46 Characterization of Diamond Grinding Wheel 344
Topography by Functional Surface Parameters V2
K. Rickens?, D. Grimme®, E. Brinksmeier®

P6.47 NiP plated mirrors for astronomy and space 348

V2

Stefan Risse; Andreas Gebhardt; Ralf Steinkopf; Volkmar
Giggel*
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P6.48 A Study on Laser Glass Cutting using Multiple Laser 352
Beam Absorption Process V2
Seong-Beom. Kim', Cheol-Woong. Byun?, Min-Yang.

Yang

P6.50 Chemo-mechanical Polishing of Silicon Nitride 356
F. Klocke, R. Zunke, O. Dambon V2

P6.51 Correcting silicon carbide and silicon nitride moulds 360
by Magnetorheological Finishing V2

A. Geiss™?, M. Schinhaerl®, E. Pitschke®, K. Fathima
Patham’, R. Rascher?, P. Sperber’, J. Slabeycius®

P6.52 Automated Assembly of Hybrid Microsystems 364
K. Schottler, S. Rathmann, A. Raatz, J. Hesselbach V2

P6.53 Improvement of Micro-Cutting Accuracy by In- 368
Process Application of 3D-Sensors V2

A. Schubert, U. Eckert, B. Schulz

P6.54 Application of micro peening for deburring and 372
surface conditioning of micro milled moulds V2
A. Kienzler, Ch. Horsch, V. Schulze, D. L6he

P6.55 Strategy for best quality in high precision spatial and 376
compositional accuracy in laser assisted rapid V2
manufacturing
I. Yadroitsev, Ph. Bertrand, I. Smurov

P6.56 Effect of Feed Rate and Grain Concentration on 380
Ductile-to-Brittle Transition in Silicon Dicing V2
S. Cvetkovic, H.H. Gatzen

P6.57 Challenges and Solutions for the Assembly of a 384
Linear Micro Step Motor V2
S. Cvetkovic, H.H. Gatzen

P6.58 Ultraprecision micromilling of small 3-D parts with 388
complicated shape V2
T. Sasakil, T. Ishida®, K. Teramoto?, T. Kawai®, Y.
Takeuchi®

P6.61 Design for Microassembly — A Methodology for 392
Product Design and Process Selection V2

C. Tietje, S. Ratchev

P6.64 Manufacturing meter-scale Aspheric Optics 396
C. Hall}, P. Dumas?, B. Hallock®, W. Messner!, M. V2
Tricard®, Stephen O’Donohue’, S. Miller?
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P6.65 Aspheric Polishing with Oscillation Speed Control 400
Atsunobu UNE?*, Kenichiro YOSHITOMI*, Masaaki V2
MOCHIDA*

P6.66 Precision shape hydro forming of thin walled tubes 404
for endoscopes V2
Jens P. Wulfsberg (a); Florian von Scotti (b); Jochen
Ellert (c)

P6.67 Simulation of Precision Optical Glass Molding 408
Prof. F. Klockel, Dr. O. Dambonl, G. Pongs1, F. Wang1, V2
A Y. Yi2

P6.68 A study of surface scallop generation for freeform 412
surfaces in ultra-precision raster milling V2

S.J.Wang', S. To', C.F. Cheung*, W.B. Lee’

P6.70 Investigation on Grinding Characteristics of 416
Hardened Die Steel in Ultra-smoothness Vertical V2
Grinding Method
H. Yasui', Y. Yamamoto®, R. Sakamoto®

P6.72 Data-handling within the process chain for 420
manufacturing of high quality optical surfaces \
A. Gabbia®, L. Autschbach®, G. Giinther?, E. Roth?, H.
Wang®

P6.74 Process Integrated Temperature Measurement of 424
Small Monocrystalline Diamond End Mills while Ultra V2

Precision Milling
D. Oberschmidt, E. Uhlmann

P6.75 High Removal Rate Polishing of Glass Type of 428
Magnetic Disk Substrate V2
H. Yasui', K. Yamaguchi', S. Otsuka’, T. Nagata®, K.
Kusaba®

P6.76 A Ball-screw Sub-nanometre Resolution Driving 432
System Achieved by Integrating Optimized Factors V2
Method

Daxing He®, Zude zhou? Jun Li*

Session 7: Latest Ultra Precision, Micro
and Nano Product and Technology
Developments
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Analysis of production properties by using screen 457
printing and ink jet technologies for the printing of V2
flexible systems in medium batch production

G. Aslanidis®, C. Blank', M. Dobmeier', C. Ruddy", P.

Nommensen®, H. Reinecke®

Combination of laser micro-perforation and 461
subsequent cold-roll forming for the production of V2
stainless steel micro-sieves

M. Baumeister', K. Dickmann®, F. Vollertsen®

Capacitive Sensor Integrated In Silicon Cavity For 465 V2
Microfluidic Jet Systems
M. van der Velden, J.W. Spronck, R.H. Munnig Schmidt

Development of Micro-Part Molding System using Die 469 V2
Enabling Shape Transformation Control

—Characteristics Verification of Photostrictive Element PLZT
Ceramics using New Measuring Device—

D.Aizawa®, Y.Kobayashi', K.Shirai*

Nanocomposite Manufacturing for Medical Engineering 473 V2
using Ultrashort-Pulsed Laser Ablation in Liquids

Stephan Barcikowski, A. Hahn, N. Barsch

Fabrication of Diamond Micro Size Tool using FIB 477 V2
X. Ding®, G. C. Lim?, David Lee Butler*®, C. K. Cheng®

A screwing device for handling and assembly of micro 481 V2
screws
A. Gegeckaite, H.N. Hansen, T. Eriksson

Developments for a High Precision Positioning Systems 485 V2
Family with Parallel Structure and Short Planar Motion
G. Olea®, S. Rathmann?, J. Hesselbach?, K. Takamasu®

Microstructures fabricated by replica molding from 489 V2
modulated wrinkle patterns
X.L. Zhao, Y.C. Liang, S. Dong, X.Y. Yu, Z.Q. Li

Approach for maximizing a production rate in a high 493 V2
quality and precision relay machining-assembly
production system

T. lyama, M. Mizuno, N. Nishikawa
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Multi-scale Modeling and Simulation of Nano-surface
Generation in Ultra-precision Machining

W.B. Lee’, C.F. Cheung and S.To
Design of a Flexural Mechanism for Varying the
Separation between Spherical Electrodes with
Nanometer Accuracy
H. Ma', A.H. Slocum?

Diamond Tools for the Trueing of CBN Micro-Grinding
Wheels
H.-W. Hoffmeister, M. Hlavac

Electrochemical Machining of Carbide Metal Micro
Tools M. Hackert!, G. Meichsner?, A. Schubert'?

Micro-structure design of the floor to prevent slip
N. Moronuki, D. Kajita and A. Kaneko

Application of Ni-W Electroplated Diamond Tools to
Micro Machining of Various Materials

H. Onikura®, O. Ohnishi', W. Kuo®, K. Nishihara®, T. Koga®,
M. Moriya®

Self-assembly monolayer on silicon surface based on
mechanical removing methods

Y. D. Yan!, T. Sun', J. W. Zhao?, B. Pan’, S. Dong"

Influence of Diamond Coatings on Electrode Wear in
Mirco-EDM
E. Uhimann?, S. Piltz}, M. Réhner*

Development of laser-assisted microfabrication system
for three-dimensional metal structures by
photocatalysis

S. Takahashi, M. Okuno, Y. Kajihara, K. Takamasu

Miniaturized flow control for high pressure micro
hydraulics
A.J.M. Moers, D. Reynaerts

Session 8: Best Practice in Precision,

Micro and Nano Engineering Education

A Micro-Electromechanical Education Module — Part I:

497 V2

501
V2

505
V2

509

V2

513

517
V2

521
V2

525
V2

529
V2

533
V2

538
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Thermal Actuators V2
M. van der Velden, S.L. Paalvast, J.W. Spronck, R.H. Munnig

Schmidt

A Micro-Electromechanical Education Module — Part Il: 542
Electrostatic Comb Drives V2
S.L. Paalvast', M. van der Velden®, J.W.Spronck®, R. Munnig

Schmidt*

Entrance into the Nano World with Student Kits for 546
Scanning Probe Microscopes V2

Wilkening, G.'; Koenders, L.}; Wolff, H. *; Brand, U. *;
Klawitter, H. 2



