Contents

Editorial Board..........coccoiiiiiiiiiiieete e A"
WOTKGIOUPS ..veeeniiieeiieeiiie ettt et tee ettt e et e e st eeeeaeesssaesnnneennneaans v
LiSt Of AUtROTS ..oeiiiiieiieece e et VII
FOT@WOI.....oiiiiiiiiiiee ettt XI

W. Pollmann
PIEIACE <.ttt e ettt e e e e e e e e e e e e e e e eaennans XIIT

Part I: Global Aspects of Manufacturing

Chapter 1
The Role of Mechanical Engineering in the 21st Century..........ccoccevvenenne 3
K.V. Frolov
1.1 INtrOAUCTION ...t 3
1.2 Example: Optimum Engineering of Space Flight

EQUIPMENT ..viiviiiiieciiecie ettt ser e v v rae s 8
1.2.1 The Problems of Automation ...........cccecevereeneneniencnieneneneen 9
1.2.2 Some Aspects of Advanced Technologies ...........cccceeeeeeiueenns 13
1.2.3 Testing and Diagnostics of Automatic Equipment and

Technological SYStEemS.......ccuecvervieiieerieerierie e e 17
1.2.4 New Methods for Designing Machines...........ccccceveeveerenennene 19
1.3 Fundamentals of Parts Machining Technology ...........ccccccueu.e. 20
1.4 New Challenges in Machine-Tool Design and

Process Development ..........ccevcvveevieriierienienieeieeieeseesee e 21
1.5 Engineering Safety and Ecology ........cccccoevieiieniiniiniiiiee 23
1.5.1 Safe TEChNOLOZIES ......eevvierieereieiie ettt 23
1.5.2 Ecological Safety.......cccceviiriirciieiieiieiereesee e 24
1.5.3 New Ecological Problems of Technology ..........ccccccevvenueennnnee. 25
1.6 Biomechanics ........cccceeiieiieiiiiiieeeeeeeee e 26
1.7 Principal Directions of Future Developments .............c.ccceceenee. 28

) IS 11S) 21101 ¢ <R 28


Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.3
     Für schnelle Web-Anzeige optimieren: Nein
     Piktogramme einbetten: Nein
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 1200 1200 ] dpi
     Papierformat: [ 595 842 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 300 dpi
     Downsampling für Bilder über: 450 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Maximal
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 2400 dpi
     Downsampling für Bilder über: 3600 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Farbe nicht ändern
     Methode: Standard
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Ja
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Ja
     DSC-Warnungen protokollieren: Nein
     Für EPS-Dateien Seitengröße ändern und Grafiken zentrieren: Ja
     EPS-Info von DSC beibehalten: Ja
     OPI-Kommentare beibehalten: Nein
     Dokumentinfo von DSC beibehalten: Ja

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments true
     /DoThumbnails false
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize false
     /ParseDSCCommentsForDocInfo true
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.3
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends true
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo true
     /GrayACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 1 1 1 1 ] /QFactor 0.15 /Blend 1 /HSamples [ 1 1 1 1 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /LeaveColorUnchanged
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 300
     /EndPage -1
     /AutoPositionEPSFiles true
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 2400
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 300
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 1200 1200 ]
>> setpagedevice


XVI Contents

Chapter 2

Globalization of Production: Consequences for Product Design

ANd TeChNOIOZY ....vevvvieiiieiieiieciece e 31
F.H. Rehsteiner

2.1 INtrOdUCHON. ...e.eiieiiieiieiieee et 31
2.1.1 Motivation and Scope of this Chapter.............ccceeevveeeeveennnen. 31
2.1.2 Production as an Important Part of a Manufacturer's Activities..31
2.1.3 Key Figures of SUCCESS......ceviiriiiiiiiieiieieeeeeeeiee e 32
2.1.4 A Few Definitions.......ccccoevieiieneenienienieeeeeee e, 33
2.1.5 Globalized Production ...........ccocceveeriereeieseneeeeeeeee 33
2.2 Product Life Cycle......covvvvieiiiiiieiieieieeeeeee e 35
2.2.1 AN OVEIVIEW ..ttt ettt ettt ettt 35

2.2.2 The Role of Design, Technology, and Production in the PLC.. 36

2.2.3 QUALLLY oottt ettt reeeee s
2.2.4 Responsibility and Liability.........cccceccieiienienieniriienieeen
23 Globalized Production ...........cccceeveeneenienieniieeececeen,
2.3.1 What is so Special About Globalization? ...........c...ceevvennen.
2.3.2 Why Go Global? ......c.cooiiiiiiiiieeeeeeeee e
2.4 Consequences for Design and Manufacturing .....................

2.4.1 Subcontracting: The Main Contractor Can Decide

Independently.......c.ccccvevieriieiiiiiieeieeeeeee e

242 Equal Partners and Foreign Branches: The Production

Site 1S FIXed .oveeeiiieieeeeeee e
2.5 Summary and Conclusion............cceeveveervereencrencreeieeneenns

Chapter 3

Fractal Company - A Revolution in Corporate Culture .......................

H.J. Warnecke

3.1 INtrOAUCTION. ...t
3.2 Basic Attributes of Future Production Systems...................
3.2.1 Forecasts and ViSIONS ........ccevierieiieiiieiiieiceiceeecesiee e
322 Increased Automation? ..........ccccceveeriereneenieneeceeee e
323 Changing Values — Exploiting Opportunities......................
33 Organizational Restructuring as a Perpetual Task ...............
3.3.1 The Fractal Company — a Structure with a Future................
332 Rapid Changes Versus Lasting Improvements.....................
34 Case Study: Turnaround of a Medium-Sized Enterprise
34.1 The Company Through the Years........cccccoovvevvievcieeecieeenen.
34.2 The Point of Departure: the Company Versus the Market
343 The Idea: New Structures and New Procedures...................

344 The Basis: Models for Day-to-Day Work............ccceeuveeneee.

40

..... 44
..... 53

57

..... 65



Contents XVII

34.5 Production According to Sales Means that only Goods

Already Sold are Manufactured.............ccceeeevieniieniieecieenieens 72
3.4.6 The Workforce is Responsible for Coordination and

Performance...........cocueeiueeiiienieeieee et 74
34.7 Stock-Level Optimization Through Small Control

Circuits in Materials Management ..............ccceeeveeveevveerneenneenn. 76
3.4.8 The Separate Development of New Products and Basic

Technologies Results in Shorter Innovation Cycles.................. 77
349 Autarchic Development Teams are the Prerequisite for

Successful Product Innovations...........ccceeceevereerenienceneneeeenn. 79
3.4.10  Exploiting Market Openings Through Synchronous

Product ENgINeering .........cccueevveeveieeiiiieiiie e esieeereeeevee e 80
3.4.11  True Market-Oriented Product Development Means More

Than Just Efficiency in the Development Department.............. 83
34.12  Development is an Ongoing Affair .......c.ccccceevvveecieecieenneenne, 85
3.5 CONCIUSION ...ttt ettt 85

LALETALULE ...ttt 85
Chapter 4
Adaptable Production StruCtures ..........cooceeveerieiiieiiieiiceeeeeeeeeeeene 87
E. Westkdmper
4.1 Altering Value-Adding Structures...........ceceeeveeveereerieesnesnenns 87
4.1.1 INtrOAUCHION ...t 87
4.1.2 Adapting to Changes in a Turbulent Environment.................... 87
4.1.3 Changes in Value-Adding Structures ...........cceeevevevervencreereenenn 92
4.2 Permanent Adaptation of Factory Structures.........c..ceccevereenee 95
4.2.1 INtrOAUCHION ... 95
422 Adaptation of Complex SyStems .........ccceeveereerverireecreereenneennes 96
423 Autonomy and Self-Organization of Performance Units .......... 99
43 The Virtual Company ...........cccceeveereerienieeieeieesieeieeseee e 105
4.4 Continuous Improvement and Participative Factory

Planning by Computer SYStems...........cccveeverreervereereenirenneeens 106
4.4.1 INtrOAUCHION ..o 106
4.4.2 Turbulent Influencing Factors and the Demand

for Continuous Adaptation of Factory Structures.................... 107
443 Multiscaling Factory Planning ...........ccccceeevevevirciiecieenivenieninnns 110
4.5 Digital and Virtual Planning.............ccecvevienieneeniienennineiens 116
4.5.1 Participative Planning with the Planning Table ...................... 116
452 Planning with Virtual Reality...........cccocvvevieriiniiniiiieeieeiens 117
4.6 CONCIUSION ......viiiieiieciie ettt 118

LItETAtULE ..o 119



XVIII Contents

Chapter 5
Life Cycle ENGINECETING ......cccveeeviieiiieciieeiieeeiee et esreeeieeesiveeeveeesevee e 121
S.K. Ong, A.Y.C. Nee
5.1 Background..........cccoeoiiiiiiieie e 121
5.2 Issues in Life Cycle Engineering ...........ccccceeeveeeviereeveenneennen. 122
5.2.1 Green Design and Eco-efficiency ..........ccoevevevvveienciencienieennen. 122
522 Life Cycle ASSESSIMENL.........cccueeiuieiieiieieerieerieesee e 123
52.3 Environmentally Conscious Manufacturing ................ccu....... 124
5.2.4 Life Cycle COStING ......ccvcverireiieiieiieriesre e eveeie e ees 126
5.2.5 RECYCHNG c..eiiiieiiieeeeeee e 127
53 An Analytic Hierarchy Process Model for Evaluation

Of Process EMiSSions.........cecveruereerieninieienieee e 129
53.1 INtrOAUCTION. ...ttt 129
532 Overview of Model........cooceiiiiiiiiiiiieeeeee e 129
533 Structure of the Model ..........coiieiiiiiieeeee e 131
534 Part A: The Criteria Used ......c.ccoceeverinienenineneceeeeeee, 131
5.3.5 Part B: The Alternatives Evaluated.............c.cccoeeeeivieeieennenn, 135
5.3.6 Determination of the Single Environmental Score ................. 137
5.3.7 Case Study and DiSCUSSIONS.........cccvereeriercireieeieerieereennenenes 138
54 Environmental Life Cycle Costing of Products....................... 142
5.4.1 INtrOdUCHION. ...t 142
54.2 Development of the LCECA Model .......c.ccovevveviienieenienennee, 143
543 Validation of the LCECA Model.........ccccocoviivininiinincnne. 146

Acknowledgements..........cocueeuierieenienienie e 147

LAtETALUTE ...ttt ettt 147

Part II: Trends and Developments of Advanced Manufacturing —
Scientific Basis

Chapter 6
Fundamental Aspects of Mechanical Engineering...........c.ccccceevveennnennns 153
A.M. Dalsci, A.S. Vasiliev

6.1 Basic RUIES ......ooieviiiiiieieeee e e 153
6.1.1 Estimating Technological Operations Analytically ................ 153
6.1.2 The Fundamentals of Basing Theory.........ccccccveevvecivervennenen. 158
6.1.3 SiZed Chains......c.eeeiiiieiiieciee et 162
6.1.4 The Formation of the Surface Layer Properties

of a Machine Part ..........coccoeoeiiriiiiiieeeeee e 166
6.2 The use of Scientific Procedures for the Progressive Develop

ment of Technological Processes in Mechanical Engineering... 169



Contents

6.2.1 The Deformation of Technological Systems During their

OPCTALION ....vveeiiieeiie et et e ereeeteeesbeeeteeestbeesabeeeeaeesnreeeneneas
6.2.2 The Changes in Technological Systems with Time ................
6.2.3 The Group Machining Methods .......c..ccoecevveiieiienienieiee,
6.2.4 The Directional Formation of Technological Processes..........
6.3 Technological Heredity in Mechanical Engineering................
6.3.1 The Inheritance of Basic Regularities ...........ccoccevveervervenennne.
6.3.2 A Problem of Precision Engineering..........ccccoeeeeveerirreeennnnns
6.3.3 Elastic Strength Theory as a Tool for Determining

the Properties of Product Assembly ........cccoeevvvvvvciirciinniennnnnns
Chapter 7
High-Speed Machining..........cccceeoveeiiieiieenienieeieeieeieeiee et
H. Schulz
7.1 INtrOdUCHION ..
7.2 L 1) 0] o USRS
7.2.1 Period of Ballistic Tests.......ccceveeveriirierinieieseeeeieeeeeeee
7.2.2 Application of High-Speed Main Spindles............cccoceerrennns
7.2.3 European Situation .........ccccceeeeiieeniiecciie e creeeieeesree e
7.3 Cutting Process and TooIS........cccceveevirrcirnciieiieeeeeieee
7.3.1 Optimization of the Machining Parameters...............ccccoeuee..e.
7.3.2 Conditions of CONtaCt.........ceeveerieriiriiiieeeee e
7.3.3 The Correct Cutting-Edge Material...........ccccevvvevienienrenennne.
7.3.4 The Right TOOL ....ccoviviiiiieiieeeeeece e
7.3.5 Proper Machining Strategy.........ccccvvvevieiiviienieeniie e
7.3.6 Safe PTOCESSES ...cvieuieiireieieeieeieieeceee sttt
7.3.7 Reduced Process Chains..........cccceceverieninieiieneniececeeenn
7.4 Machine Tools and Components............ceceerveereereereesieenneenns
7.4.1 High-Frequency Motor Spindles........cccccccvevviieiniiencieeenreeee,
7.4.2 Fast Controls.......coceverierininieeeeeeeeeee e
7.4.3 Fast Dynamic Feed Drives .........ccccovvievienieniiiniieieeieeeeneene
7.4.4 Lightweight Design ......cceevveiiiiiiiiiieeieeciee et
7.5 CONCIUSTION ...ttt

LAteTature .....coovevvieieieriietesiee et
Chapter 8
Aspects of Manufacturing Systems Integration............cecceveveevenencennen,

A.I. Dashchenko, W. Pollmann. O.A. Dashchenko

8.1
8.2

INtrOdUCHION ..cveviiiiieiieiicicetee e
Characteristics of Technological Processes
and Manufacturing Equipment..........c.ccccoeeviiiniiienieesieeen,

XIX



XX Contents

8.3 OptimizZing ProCesSes......ccuvvvirrieeieeriieriesieeie e 221
8.4 Creating Variants for Structural Layout Schemes

for Machine ToOlS......cccceverieiireeieeeee et 228
8.5 Selecting Surface Machining Methods and Process

SEUCTUTES ...ttt ettt 233
8.6 Optimization Problems in Assembly Processes...................... 234
8.7 Rational Variant Selection of the Product Route..................... 239
8.7.1 INtrOAUCHION. ...ttt 239
8.7.2 A Method of Rational Variant Selection...........ccccceveeneennennee. 239
8.7.3 DISCUSSION ...ttt 241
8.8 Synthesis of the Product Routes...........ccceecveriiiiinieniiiieeene 247
8.8.1 MEhOQ ... 247
8.8.2 DISCUSSION ...ttt 248
8.8.3 Selection of Rational Routes..........c.ccecevereeneneneeninineene 251
8.8.4 CONCIUSION ...t 252
8.9 The assembly process StrucCture..........cecvverveecreecreecreerreeseennens 253

CONCIUSION ...ttt 263

LAteIatULC...ceiveeeieeieeteee ettt ettt ettt 263
Chapter 9
CAPP Systems for Machining, Assembly, and Disassembly
OPCTALIONS ...vvieeivieeiiieeiee et e ereeesiteeebeeestaeesbeeetbeessseeesseesssesesssesssseesnses 267
M. Santochi
9.1 INtrOAUCTION. ...t 267
9.2 CAPP SYSIEMS......viiieiiieiiiieciee ettt e 269
9.3 Technological and Computer Background ............ccccceneennee. 271
9.3.1 Integration With CAD .......ccceeveiiiiiiieieceeeeeee e 271
9.3.2 Group Technology ......ccceevivviiiiieieeieeriesie e 272
9.33 Knowledge Management and Decision Methods ................... 273
9.4 CAPP Systems for Machining ............ccceeeveevveescieeecnveenneennne. 276
9.5 CAPP Systems for Assembly.......ccccevvevierieeiencieereereenreenenn 280
9.6 CAPP Systems for Disassembly ..........cccceeeveeerveciiecieeneenieennen. 282
9.7 Conclusions and Perspectives..........ccccuveecveeerveeniieeecreeeneveeeenes 286

LAtETAtUTE ..ottt ettt 287
Chapter 10
Modeling of Machine Tools and Assembly Systems...........c.cceeevverveenen. 289
A.I. Dashchenko, W. Pollmann, O.A. Dashchenko
10.1 Statistical Simulation of "The Simplest" Complex

Manufacturing Systems (MS) ......cocoerirriieiienienieeie e 289

10.1.1 INtrodUCtION.....cooiiiiiiiiiii 289



Contents XXI

10.1.2 Model of Blocked-Together Automated Line Work............ 292
10.1.3 Studying the Effect of the Degree of Operations'

Concentration on the Blocks' and Tools' Reliability

on the AL Work Stability (Rhythm) .......ccccoeeneriininnnnnn 293
10.1.4 The Stock Value Calculation of a Part........c.ccoccevinienenns 299
10.1.5 The Effects of Cutting Tool Reliability..........c.cccoeeeveevreanenns 301

CONCIUSION. ..ottt 305
10.2 Using Simulation of Complex Manufacturing Systems

for New Calculation Methods .........c.ccoocieiiiiiinnniinicns 306

INtrOdUCTION ... 306
10.2.1 Capacity and Reliability of ALs with Rigidly

Connected (Blocked) Positions .........ccccceeevveevveeecieenreeennnnnn 307
10.2.2 Capacity and Reliability of ALs with Flexibly

Connected POSTHONS ......co.eevuiriirieniirieie e 310
10.2.3 Capacity and Reliability of Non-Synchronous

ASSEMDLY LINES...ccviiviiiiiieiieeiicii et ere e 316

CONCIUSION. ..ttt 321
10.3 Mathematical Modeling of Reliability Parameters of

AUtomMAtic LINes .....ccceeviiiiiiiiiiiieiieeiceicece et 321
10.3.1 INtrOdUCHION ...t 321
10.3.2 Evaluation of MS Reliability Parameters...............cccceenee. 323
10.3.3 Technical-Economic Model of MS "Ageing" ...................... 325
10.3.4 ANALYSIS..c.viiiiiieiieii ettt ettt sresbeereereens 326

LAtETAtUTE ...cveveeeeeeeeeie ettt 328
Chapter 11

Cybernetic Structures, Networks, and Adaptive Control

of Work Systems in Manufacturing...........coeceevueecieesieeneeneenieneeeneenn

J. Peklenik

11.1 Introduction and Motivation..............ccccveeeeveeerveeeeneeennnenn. 331
11.1.1 The Cybernetic Framework of Manufacturing................ 331
11.1.2 Generic Structure of an Elementary Work System.......... 335
11.3 The Cybernetic Structure of an EWS.........cocovvvivviiviiennnns 339
114 The Information Structure of the EWS ..........ccoooviiiiiinnnn. 344
11.4.1 Character of the Information in an EWS.............c..cco. 347
11.5 Characterization of the Subject .........ccceccvevverierieniieiieees 348
11.5.1 Assessment of the Subject's Competence............cccceevueennene 348
11.5.2 Human Factors and Competence of the Subject .................. 351
11.5.3 Analysis of Observation Data and Results...............cccveeneee 353
11.6 Operation and Control of EWSS........ccocvveierienienieiieeinns 354
11.6.1 Estimates of Information Measures.........c.ccceceereeevieeneenncnn. 355



XXII Contents

11.6.2 Entropy and TransSmiSSion ...........cccceeveeeieriieeneeenieenieeneennes 355
11.7 The Structuring of a Factory System..........cccceevveeeveenneennne. 358
11.7.1 A Factory System as an EWS Adaptive Network ............... 369
11.8 CONCIUSIONS ..ottt 361

LIterature .. .cocveeeieiieiieee ettt 361

Part I1I: Trends and Developments of Advanced Manufacturing —
Examples of Real Implementations

Chapter 12

Rapid Prototyping in Manufacturing...........cceceeeeeeveeeeieeneeneeniesieeienne, 367
F.H. Rehsteiner

12.1 The 1dea .....coouiieieiiiee e 367
12.2 HISTOTY ottt 369
12.3 TTENAS - 373
12.3.1 Rapid Product Shaping ..........ccceccvevvevieriienciiecieeieeieeee e, 375
12.3.2 Going the "Long Distance”..........ccccoeveevienienienieeieeieenenn 376
12.4 Sample ApPPliCationS........cccveevvieerieeriie e eeiee e 377
12.5 CONCIUSION ....ouiiieeeieie e 379
Chapter 13

Challenges in Electronic Production...........cccceeevvevievieniencrieriereeneenen, 381

K. Feldmann

13.1 INErOdUCHION «..eeeueeeiiiiiiiicccce e 381
13.1.1 Trends in Component Packaging............cccecvvevvrciveiennnennnen. 381
13.2 Placement Systems for Production Systems in

Electronic Assembly..........ccccoeevviiiiviienciiiiieecieecee e 384
13.2.1 Requirements for Production Systems

in Electronic Assembly........cccccevviiiiiniiiiiieiieeeeeceee e, 384
13.2.2 Kinematical Principles and Available SMD Placement

MACKINES.....ceiiieiiieeee e 385
13.2.3 System Components for Assuring the Quality

of Placement SyStems ..........cccveevvreriereenienieeie e 388
13.3 Development of Component Assembly Placement ............. 390
13.3.1 Trends in Substrate Technology and Function Integration.. 391
13.3.2 New Applications for Assembly Systems

Involving 3-D MIDS .....cccoueeiiieeiieeiieecee et 393
13.4 Interconnection Technology ...........ccceeveeveeciieciienieenieerieeeen. 399
13.4.1 Basics of Electronics Interconnection Technology ............. 399

13.4.2 Mass Soldering in Electronics Production........................... 404



Contents

13.4.3 Selective SOIAEring..........coeevvvverieereeneeneesieeieeenns
13.5 Quality Assurance in Electronics Production............
LAterature ......eeueeeeeeieieie et

Chapter 14
Electronic Vacuum Technologies..........cccceevveereerveereeneereenneenes
L.1. Volchkevich, Y.I. Panfilov

14.1 INtroduction .......coceeeeiieniiie e
14.2 The Base Postulation...........cccceeceevenerneneneenienencens
14.3 Forming Particle Beams...........cccocceeviiniinieninnee.
14.4 Electron-Beam Treatment of Materials.....................
14.5 Treating Materials Using lon-Beam-Discharge

Gas Plasma.......cccooeeiiiniiieniiieceeee
14.6 Vacuum Thin-Film Deposition and Dispersion ........
14.7 Microtexture Shaping and Ion Implantation .............
14.8 Testing and Diagnostics in a Vacuum.............c..c......
14.9 CONCIUSION.....oeuiieiieiieriie et
Chapter 15
New Solid-State Lasers and Their Application Potential .............
H. Hiigel
15.1 INtroduction ......cc.oeeevenerieneneeee e
15.2 Process and System-Relevant Implications

of Beam Quality ........cccceevevieiiiiriienieciecre e
15.3 Process Benefits of Low BPP.........cccccoiiiiiniiien.
15.4 System Benefits of Low BPP..........ccccccooiiiiininnenn.
15.5 Diode-Pumped Solid-State Lasers ..........ccccceveeennenns
15.6 Rod and Slab Systems.........cccceeeevienieeriereeieeieene
15.7 Thin-Disc Laser.......cccooeeeviiriiriiieieeeeeeeeeeee e,
15.8 Fiber Lasers .......cccveerienieniiiieiicee e

LAterature .....eeueeeeeeeeieie et
Chapter 16
New Information Technologies in Industrial Activity
of the Enterprises (IAE) ......ccooivviieriiniiniecieeeeeeeeee e
R. Anderl
16.1 Change of Working Culture and Business Processes
16.2 From a Paper-Based Working Culture to a Working

Culture Based on Digital Models............ccceeeuveenenn.



XXIV Contents

16.3 From a Tayloristic Organization to a Holistic

Organization Based on Product and Process

Data Management............ccceeeveeerveerveeeneeenreenieeeeeeesvee e 466
16.4 From 2-D Presentation-Based Decisions to Decisions

Based on Virtual Product Development and Virtual

MaNUFACTUTING ..veevvviiieiieeie et esee st reereereesreeveeeeesenes 471
16.5 Uniform Information Environments

for Machine-Building Enterprises ..........ccocceeeeevvereeneennen. 473
16.5.1 MAN (metropolitan area network) ..........cccceeevveercreeeneeenne. 475
16.5.2 WAN (wide area network)........cceeveeveencienciieciieieeeeeenn 475
16.5.3 GAN (global area network) .........ccccceveevieriiieiieiieeeeeee, 475
16.6 Automated Systems of Designing ...........ccccceeeeveeeceveenveenne. 484
16.6.1 3-D CAD —FEA ...t 493
16.6.2 3-D CAD — MBS ..o 493
16.6.3 3-D CAD —DMU ..ottt 493
16.6.4 3-D CAD — RPT ..o 494
16.6.5 3-D CAD = NC ..ttt 494
16.6.6 3-D CAD —RC ..ottt 494
16.6.7 3-D CAD = MC ..ottt 495
16.6.8 3-D CAD — TPD ..ot 495
16.7 Virtual Product Development..........ccccoecveviiieiiincieenieeieenen. 496
16.8 Production Management (Methods and Systems) ............... 498
16.8.1 Production Planning and Control............c.ccccvevvevvervenenennne. 500
16.8.2 Order ProCESSING.......c.eeevveeiieriieriieniesteeie e e eieesieeseeesene s 500
16.8.3 Production Data Management .............cccceeveeveeneeeieeieennen. 500
16.9 Technological Management..............cccvevvereervenvenvenneenens 501
16.10 Examples of Realization..........cccceecvevverieniencieniieieeieennnn 506
16.10.1 Thinking in Process Chains ..........ccccceeeeveeiieneenienceeeen, 510
16.10.2 Modeling 3-D GEOMEIY.....cccvveevvierrieeiieeeieeeree e eevee e 511
16.10.3 Deriving Technical Documents ...........ccccceeeveeeiieieerieenieene 511
16.10.4 Using the Benefits of Modern Information

and Communication Technologies ..........c.cccccuvevveencreennnnn. 511
16.10.5 Application of Organizational Management Methods......... 512

LALETAtULE ..ottt 513
Chapter 17
Modeling of Manufacturing and Technological Processes in CIM......... 515
V.F. Gornev, V.V. Emelyanov, S.1. lassinovski
17.1 Production Modeling as Science Basis of CIM.................... 515
17.1.1 Mechanical Engineering of the Post-Industrial Era............. 515

17.1.2 Automation Manufacturing System Evolution.................... 516



Contents XXV

17.1.3 The Main Production Modeling Concepts ..........ccocveeveeneene 520
17.1.4 Turbo as Intelligence Manufacture Methodology................ 522
17.1.5 Unified Representation of Transition

and Procedure Models..........ccoooveieiiieeciiieiiieciee e 527
17.1.6 The Particulars of the Simulation Task Decision

for Different Procedures........cccooveevievieeviienienieniecee e 531
17.2 Application of Simulation in CIM .........cccceceeviniiiininiann. 532
17.2.1 CIM Simulation..........ccceveeiiiieniieeiie e eree e 532
17.2.2 "Resources-Actions-Operations" Method:

BaSiC THESES...cuvereriiiieiieiierieesieeie e ete et et seeeseresareeseens 536
17.2.3 Intelligent Modeling System Based on RAO Method.......... 538
17.2.4 Production Simulator Structure..........cccceeveeveeneeneeniieneenns 540
17.2.5 Simulation of the Inventory Policy ........ccccocvevvevvenienieannen, 541
17.2.6 Shop Scheduling with Simulation...........ccccceveverevveiieeniennen. 544
17.2.7 Hybrid System for Job-Shop Scheduling ............c.ccccuvenee. 545

LItEIaturC ...ecvveevieiieciie e ettt v e reesveesre e e seaesenessneens 553
Part IV: Advanced Manufacturing Equipment
Chapter 18
New Machine Tools and SyStems........cccueevueereereenieenienienie e 557
18.1 New Machine Tools for New Manufacturing Processes......557

M. Mandelli
18.1.1 INtrOAUCHION ...t 557
18.1.2 Which Are the Customers' Needs?.........ccoocveviiieiniineenenn. 558
18.1.3 From Product to Process .......cccccvveeeverieeniieerieeeee e 559
18.1.4 Trend of Evolution for the Production Means...................... 560
18.1.5 Two Case Histories to Think About..........c.ccccevveeieeenieennnn. 564
18.1.6 Trendy Technical TOPICS.....c.ceevviririeeeciiieieeciee e 567
18.1.7 CONCIUSIONS ...c.vvieniieiieciieeiie ettt e ere et sreeseeeseresaneens 570
18.2 Intelligent Maching ToOIS .........ceevueeiiienienieniieieeeeeeiee 570
18.2.1 Necessity of Global Intelligent Manufacturing

1N MOdErn SOCICLIES.......ecvierieiieriierie ettt riee e sre v e 570

T. Nagao, Y. Hatamura, M. Mitsuish, M. Nakao
18.2.2 Development of an Intelligent Machining Center................ 574

M. Mitsuish, Y. Hatamura, T. Nagao
18.2.3 Development of an Intelligent Face Grinding Machine....... 599

M. Nakao, Y. Hatamura
18.2.4 Evaluating the Intelligent Face-Grinding Machine............... 603
18.2.5 CONCIUSION. ....ecvvieiieiiecire et ete et te e ere e ebe e e e senesaveesreens 611
18.3 Modern Concepts for Machine Tools..........cccceveeeieeerieenenne 611

F. Rehsteiner



XXVI Contents

18.3.1 Machine Tools with Non-Rectangular-Axis Systems ......... 612

18.3.2 Making a Product from A to Z in a Single Setup ................ 621

18.3.3 Two-Stage Machine ToOIS........cccocevevierienienrenreereereenenn 624

18.3.4 CONCIUSION ...ttt 625
LItETature «...co.eeveieriieiiniieieieneeteneeeete et 625

Chapter 19

Reconfigurable Manufacturing SyStems .........cccceeveeeieeeiieesieesieneeieenen. 627

Y. Koren, U. Heisel, F. Jovane, T. Moriwaki, G. Pritschow,
G. Ulsoy, H. Van Brussel

19.1 The Challenge........c.ccccvveeeieeeiieeiieeee e e 627
19.2 Types of Manufacturing Systems ..........ccceevvvevreereerverevennn. 629
19.2.1 Dedicated Manufacturing Lines .........cccoccveevveeveerieerieenneennen. 629
19.2.2 Flexible manufacturing Systems ...........ccceeeeveeerrreenveesveeene 630
19.2.3 The High Cost of FMS .....ccooooiiiiiiiiececeeeeeeeeeee, 631
19.2.4 RMS — A New Class of SyStems ........cccecuveevrecviecreenieenieennnn 631
19.3 Technologies Enabling Reconfiguration ............cccccceeveeneee. 633
19.4 State of the Art......c.cooiiiiiiiieeee e 636
19.5 System-Level Design Issues in RMS ..........ccccooevvvivniinnnnns 641
19.5.1 Life-Cycle ECONOMICS .....cccueevveeriieriierieeieeie et 641
19.5.2 DefiNition. ...cccueeiieieiie e 641
19.5.3 Modular StrUCtUTE .......cevuieieiieiiee et 642
19.5.4 INEEITACES ..o 645
19.6 Reconfigurable Machine Tools.........ccccoeeueeiieiiinciieieeieeen. 646
19.6.1 Variation of Products..........cccceceviroieninieienieeeeeeee 647
19.6.2 Reconfigurability for workpiece Size.........ccevververvenerennen. 647
19.6.3 Reconfigurability for part geometry .........occeevvevveneeneennen. 647
19.6.4 Reconfigurability for production volume and rate .............. 648
19.6.5 Reconfigurability for changes in machining process........... 648
19.6.6 Reconfigurability for machining accuracy ...........ccccceuee.ee. 649
19.6.7 Parallel-Kinematics in Reconfigurable

Manufacturing SYStEMS ........cceevreerverreeireereereereesieesenenenes 649
19.5.8 Challenges ......cccvevvieeiieiieiieiie et 650
19.7 Control for Reconfigurable Machines

in Open Architecture.........cocuvieviieiiiecieeeee e 652
19.8 System Ramp-Up......ccoocueeriiiiniiiiiiecie e 656
19.9 CONCIUSIONS ..ottt 661

Acknowledgements...........cccccveeeiiiieniiecciie e 662

LITEIATUTE oottt e e e e eeeeeeseeenanes 663



Contents XXVII

Chapter 20
RODOt TEChNOLOZY ...eeevvvieiiiieiiiccteeee ettt e 667
R.D. Schraft
20.1 INtrOdUCHION ...ovieiiiiiii e 667
20.2 Present Situation of Robot Utilization
and Robot Technology .........cccccvvevieviieciieiieienie e 669
20.2.1 Trends in Control Technology ..........ccecvvevieniiniiniieieeienns 671
20.2.2 Trends N SENSOTS ...cc.eiiiiiiiiiiieieeie e 674
20.3 Changeable and Adaptive Robot Systems............c.cceeeveennene 676
20.3.1 Man-Machine Interaction.............cccceeeevieeiieecieeciee e, 676
LAterature ..ocueeeeieiieceieee ettt 681
Chapter 21
Methods for Nondestructive Testing and Diagnostics of Automatic
Equipment and Technological Systems of Machines ............c.ccccvevveennnne 683

V.V. Kluev, E.G. Nachapetjan, V.V. Sherbakov ¥

21.1 Nondestructive Testing and Diagnostics of Automatic........ 683
21.1.1 Purposes and methods of NDT and diagnostics................... 684
21.1.2 NDT Methods.....c.ceveuiriiiiiniiniinieieieieeeeese e 685
21.1.3 EXpert SYStemMS......ccocvivieiieiiieeiie et 689
21.2 QUAIIMELIY .....eivieiieciecie ettt resareeeeens 690
21.2.1 Qualimetry of Mechanisms ...........ccoceveveieevieerieeneereeseennenns 690
21.2.2 Quality Indices and Parameters to be Registered................. 690
21.2.3 Standardization of Testing of the Robots' Positioning

MEChANISINS. ....ceueevieiieiieieetet et 691
21.2.4 Analysis of the Most Important Characteristics of the

Intermittent Motion Mechanisms.........ccccoeeerieiiensceneencnne 696
21.3 Qualimetry Data Application for Diagnostics...................... 697
21.3.1 Qualimetry Data on Locking Mechanisms..............cccceeneen. 699
21.3.2 Qualimetry Data on Index Tables ..........cccceevveeecieenreeennnn. 700
2133 Qualimetry Indices and Parameters on a Turret................... 702
21.3.4 Qualimetry Indices on Robots.........ccccvecvverienienieniiiieeis 704
21.3.5 Qualimetry Indices on Transporters of Transfer Lines........ 704
21.4 Complex Methods of Diagnostics With Standard

Oscillograms Measuring Cyclic Automatic Equipment....... 704
21.4.1 Packaged Approach, Procedure, and Mode

Of EXPETIMENES ....oeeeiiiiiiiie ettt 705
21.4.2 Standard Oscillograms and Defect Charts...........c...cceeveennen. 706
21.4.3 Estimation of a Mechanism's Quality and Condition by

QUALIMELIY . cccuviieiieeieectee et bee s 707



XXVIII Contents

21.5 Investigation of Mechanisms' Wear at the Stage

of Their Manufacture and Operation ............cccceeeeveeeevveennnnn. 708
21.5.1 At the Stage of Manufacturing ...........ccoeeveeevvecrieceenieenneennen, 708
21.5.2 At the Stage of Operation ..........ccccevveeeeeeiieereeneeseeeeeeeenes 708
21.6 Monitoring and Diagnostics of Technological Process. ...... 710
21.6.1 INErodUCHION «...eeuveiiiiiiiiicecee e 710
21.6.2 Nondestructive Testing of Materials, Instruments and

WOTKPIECES ....eeivieiieieeeiie ettt 711
21.6.3 Diagnostics of Technological Process During

(0075211 (o) 1 USRI 711
21.6.4 Testing of Technological Inheritance ............ccccoecvvecureneenee. 712
21.6.5 Testing for Solving the Problems of Precision Engineering .. 712
21.7 Diagnostic Methods for Testing Machine Units

with the Help of Built-in Devices.......ccccooeeverinienenenennne. 712
21.8 Evaluation Methods of NDT and Diagnostics and the

Perspectives of Their Application in Industry ..................... 715
21.8.1 Preparation to the Technological Systems' Design.............. 715
21.8.2 Preparation to Diagnostics in the Design

of Technological SyStems.........cccceevvvevrieeiieenieeriee e 715
21.83 Investigation of the Technological Equipment

at the Stage of its ASSEMbIY......ccceevveveevienieeiieieeeeieee, 715
21.8.4 Investigation of the Technological Systems

at the Stage of Operation ...........c.ceeveeveeviercieereereereeeeen, 716
21.8.5 Evaluation of Data and Knowledge Bases..........c.cccveneeeee. 716
21.8.6 Personnel Education, Instruction, Training and Certification 716
21.8.7 Evaluation Methods of NDT and Diagnostics and their

Application in Safety Management ............cccccvceeveneneennene. 716

LItErature ....oecveeeieeierieeeiie ettt 719

Part V: Future Trends

Chapter 22
Prospects of Technology Development...........cccceecveecveeereecieeneeneeneeennn. 723
FANUC (prepared by H. Inaba)

22.1 Technologies for Factory Automation and Robots for
Manufacturing of the Future...........ccocvevevevcveciecieieeeen, 723
22.1.1 Historical Overview of Factory Automation Technology ... 723
22.1.2 Technological Advancement Towards Intelligence ............ 725
22.1.3 Market Globalization ............ccceeeeerereerieneeeereeeeee e 725

22.14 Challenges for Intelligence with Flexible
Automation and Robots .........c.ccecenirieninienininecnineeeee, 726



Contents XXIX

22.2 Factory Automation Technologies..........c.cccoeceereeriiriieennnne 727
22.2.1 Control Technology for Machine Tools (CNC)................... 727
2222 FA NEtWOTK.....eoiiiieiieieeeeee e 733
22.2.3 SEIVO SYStEIM....eeiiiiiiiiiiiiiieiee ettt 736
22.3 Ultra-Precision Nano-Machine Tool...........ccccevciriinicnncnns 743
22.3.1 Ultra-Precision Micro-Mechanical Machining .................... 743
22.3.2 FANUC ROBONano Ui .......cccceveviiieniniieenceceicneecee 744
2233 Examples of Ultra-Precision Micro-Grooves............c...c...... 745
22.3.4 Example of Micro 3-D Structure.........ccceeevvvevveeecieeeereeenen 746
22.4 RODOT .t 749
22.4.1 RODOLIZALION ....eeiieiieiieeiie e 749
224.2 Intelligent RODOLS ........cccvveiiiiiiiiieieeeee e 752
22.4.3 NEIWOTKING.....oiiviiiiiiieiiecie et 754
22.4.4 YAG Laser RODOt .....cocuoiuiiiiniiiiienieeceeecce 758
22.4.5 Laser Processing and Laser Robots...........cccceecvvevveeenveenneen. 761
22.5 Injection-Molding Machines...........ccceeeveeerievieeseeneesnesnens 764
22.5.1 AC Servo Motor Injection-Molding Machine...................... 764
22.5.2 Pressure-Profile Trace Control............cceceevieeiieiiesienieeenne 766
22.5.3 Centrally Controlled Injection-Molding Factory ................. 767
22.54 Integration of CAD, CAM, CAE and Injection Molding..... 768
22.6 Wire Electric-Discharge Machines ............ccoeceevevviiirneenienne 769
22.6.1 About Wire Electric-Discharge Machines ...........c.ccccue...... 769
22.6.2 High SPeed.....c.ooiiiiiieiecieceeeecece e 770
22.6.3 High PreciSion........ovcveeieeriieriesie e eie e 771
22.6.4 Unattended Operation ...........cceceeveereerieniresieeieesieenieenieens 772
22.6.5 NEtWOTKING....cevieeiiieiieeiie e 774
22.7 State-of-the-Art FANUC Factories Incorporating

FA and Robot Technologies...........cccceevuierieneenenniieieeeens 775
22.7.1 Machining Factory ........ccccecvieeiieecieeciie e 775
22.7.2 Servo Motor Factory .......ccevevcveeeciieeiiieeee e 775
22.7.3 RODOt FACLOTY ....eeiiiiiiieiiieie ettt 776
22.7.4 Sheet-Metal Factory .......coccveeveieviieniieecieecieecee e 778

Acknowledgments..........cccoecvieriiiniiiecee e 778

LALETALUTE ..ottt 778
Chapter 23
Perspectives of Innovative Technologies in Manufacturing.................... 779

J. Gausemeier

23.1 Active and Intelligent SyStems.........ccceevververiercrenresireaneens 779
23.1.1 Mechatronic SYSLEMS ........cceeeviecvierieeriieriieriereeseesvesresaeens 779
23.1.2 Intelligent SYStEMS ......cccveeeviiieriieriie et eee e 783



XXX

23.2

23.2.1
2322
23.23
2324
23.2.5

23.3

23.3.1
23.3.2
2333
2334
2335

Contents

Intelligent Flexible Manufacturing Systems.............ccc.c...... 786
Paradigm Shifts in Industrial Automation .............c..c......... 786
Decentral Intelligent Automation ..........ccceeeeeveerververenennn. 788
Example: Modular Transport System.........cccccceeveereennennee. 791
Material Flow in Flexible Manufacturing Systems ............. 792
Development of Manufacturing Control

and Monitoring SYStEMS .......cceevverereerveerreereerresreereereeenes 794
Virtual Reality in Industrial Applications...........cccccceerueennee. 798
Types of VR SYStemS ....ccuveeeeviieiiiieiieciie e 800
VR Hardware .........cccoceeeeiirienenieieierceenescee e 803
Example: Cyberbikes — A Virtual Enterprise ..................... 806
A Sample Bike-Manufacturing Procedure................c.......... 812
System Design and Implementation ..............ccoeeveevveerieennnnns 815

| UL 111 ¢ <SR OPPRURRRRTR 819



2 Springer
http://www.springer.com/978-3-540-43492-4

Manufacturing Technologies for Machines of the Future
21st Century Technologies

Dashchenko, Al (Ed.)

2003, X0, 820 p. With CD-ROM. In 2 volumes, not
available separately., Hardcover

ISEM: 978-3-540-43492-4



