W Durham
University

AR

Durham E-Theses

Distributed and collaborative product development and
manufacturing knowledge management

Cheung, Wai Ming

How to cite:

Cheung, Wai Ming (2007) Distributed and collaborative product development and manufacturing
knowledge management, Durham theses, Durham University. Available at Durham E-Theses Online:
http:/ /etheses.dur.ac.uk/2489/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/2489/
 http://etheses.dur.ac.uk/2489/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

28
W Durham
University

SCHOOL OF ENGINEERING
The copyright of this thesis rests with the
author or the university to which it was
submitted. No dquotation from it, or
information derived from it may be
published without the prior written
consent of the author or university, and
any information derived from it should be
acknowledged.

WAI MING CHEUNG

Distributed and Collaborative Product Development

and Manufacturing Knowledge Management

Ph. D. Thesis
2007

Supervisors: Prof. P. G. Maropoulos

Dr P.C. Matthews

- 2 JAN 2002



This thesis is submitted to the University of Durham in partial fulfilment of the
requirements for the degree of Doctor of Philosophy.



TABLE OF CONTENTS

TABLE OF CONTENTS

TABLE OF CONTENTS ... iii
LIST OF FIGURES ........cocooiiiiinieirintne ettt s X
LIST OF TABLES ..ottt xiii
DECLARATION ...ttt ettt et sesnens Xiv
COPYRIGHT NOTICE .......ooooiiiiiiiieciietceceteceee e eseesesnens Xiv
ACKNOWLEDGEMENTS........ccoiiiiietereeeeee ettt sensee s Xv
ABSTRACT ...ttt ettt saenresaans Xvi
ABBREVIATIONS ...ttt eessneesrcesnveseaesaeeereae Xviii
CRAPLET L.t e 1
INTRODUCGTION ...ttt seees 1
1. INTRODUCTION ...cccoriiniiinriiiiiennniinsiecssiresseensesesinesssmssosssrssneesaons 1
1.1 INDUSTRIAL PROBLEMS AND SOLUTIONS.......cocevivvininininiens 1
1.2 RESEARCH HYPOTHESIS .....c.ooeeeerceccrerenereessnienens 3
1.3 THE MAIN METHODS AND ACTIVITIES OF THE RESEARCH...4
1.3.1 Research Methodology.......cccooieviiniiviiiincincniniccicnini 4
1.3.2 The Main ObjJectiVes .......coevueeveirriiiiireeecentcieneeccsecneeseeenene 7
1.4  INTRODUCTORY REMARKS......cccceceviivimminininiinncnicncniiecnene 8
1.5  STRUCTURE OF THE THESIS OVERVIEW........ccccvvviimnnniinnnnns 9
CRAPLET 2. 12
LITERATURE REVIEW ..o, 12
2.1 INTRODUCTION ..ottt seenresnesessesesseassnssnenesansnsones 12
2.2  RELATED WORK IN COLLABORATIVE PRODUCT
DEVELOPMENT ..ottt stiettsassnssacsnesne e sassiessesbe e snnsnnan 13
2.3 ENTERPRISE SYSTEMS ..ot 17
23.1 CAD Tools to PDM ....cccooiiviiniiiiiinriitnceriiee s 17
232 PDM to PLM......ooiiiiiiiiiniccriicininnc vt 18
233 Issues of Implementing PLM Solutions in Collaboration and
Sharing Organisational Knowledge ...........cccovveiniiiiiiiinninneneneee 20
234 The Journey of MRP t0 ERP......cccccciiiiiiiiiieie 20
24  AGGREGATE PROCESS PLANNING CONCEPT ........cccoecenernnee 22



TABLE OF CONTENTS

24.1 The Aggregate Product Model............cocovvvviivencnienienneniennennnns 23
24.2 The Aggregate Process Model .........ccccoovvvvvviivniniieninnoniiinnnnn. 24
243 The Aggregate Resource Model..........cccooivvviieninieniiniincninennn, 24
244 The Aggregate Assembly Process Planning .........ccccccevveevenenen. 25
2.5 KNOWLEDGE MANAGEMENT .......cccoociiiminiiininenerereseereeenaen 25
2.5.1 Knowledge and Knowledge Management ..........ccccceevevveverennnnnn. 25
2.5.2 Research Towards Organisational Knowledge and Management28
253 Converting Tacit and Explicit Knowledge...........cccccomrvinrnnnnnnn. 28
2.6 INTRODUCTION OF ONTOLOGICAL APPROACH IN
KNOWLEDGE MANAGEMENT ..ottt 30
2.6.1 Ontology-Based Applications............ccccevevevienerveneenencnnnenennnens 31
2.7  APPLICATION OF WEB-BASED TECHNOLOGIES...................... 32
2.7.1 RDF and XML .....cccocoiiiiiiiicnieeneerecereseeiesr et esseeves 32
2.8  INTEGRATION OF APPLICATIONS ......ooooiiririereeeeeereeeeenenns 33
2.8.1 Introduction of Application Integration ............ccoceceeveneireeennn, 33
2.8.2 Integration Paradigms ........cccecvvvieriinenenreniincneneeneneeereen 34
2.9  APPLICATIONS OF WORKFLOW TECHNOLOGY ......c.ccccvrurnnene. 34
29.1 Background and Applications of Workflows........c..ccccevcveeennnne. 34
2.9.2 Workflow Methodology .......coeeverereriicrenincninireec e 35
293 Related Approaches in Utilising Workflows ........ccccceveverveerennnne 36
2.10 PEER-TO-PEER TECHNOLOGY IN COLLABORATIVE
PRODUCT DEVELOPMENT .........coioiiriccieiieniicnnnennnessnens 38
2.10.1 Principle 0f P2P ....couiieiieeteecrrresccnin e 38
2.10.2  Application of P2P Technology .....cc.ccceevvecvivervcnnenniinincnnneinnnen. 39
211 SUMMARY ittt 40
CRAPLET 3.ttt e st 42
PRODUCT DATA MANAGEMENT SYSTEM AND
INDUSTRIAL SURVEY ........ooooiooooooeooeeeeeeoeeseseees e esessessnene 02
3.1 INTRODUCTION ..ottt ssiere s 42
32  WHATIS PLM/PDMY ..ccoiiiiiiinnircsicnenseei s 42
3.2.1 The Benefits of Using PDM.......c..ccocoveviininiiinininiiiiiiinn, 43
322 Commercial PDM Functionality Overview .........cccccoocvvnvinniann. 44
3.3  THE PDM INDUSTRIAL SURVEYS .....ccccoviininiirrieiinenen 45

v



TABLE OF CONTENTS

3.4 SUMMARY ..ottt esae v sne e s sesaes 52
Chapter d..............oooce e s s 54
SYSTEM OVERVIEW ......ccccooiiiiininiresncineesnssieseniaens 54

4.1 INTRODUCTION ..ottt s 54

42 SYSTEM CRITERIA .....cc.oooosoesossseseseesessoseosoesoesessssessee 55

43  IMPLEMENTATION ISSUES.......ccccviirninieinenresieeneeneeesteanae s 57

4.3.1 UML and Object-Oriented Techniques for Aggregate
Manufacturing Models............cccoviniicininiiniicnincinercseeeeecees 57
432 The Organisational Knowledge-Based System............ccocveuennenen. 59
433 Product Development Integration Architecture ...........cccceveeeeenee. 59
4.33.1 XML Parser......cocooiiiiiveenireriieecseeeesieseessesiessesseessessessenses 60
4332 PDM/WATC ..cciiiiiiiiininiiniieesrcteessetse s sessenas 6l
4333  ERP oot 62
44  SCOPE OF INDUSTRIAL APPLICATIONS......ccooevmevreceireennene 62
44.1 Background of Industrial Applications ..............cc.ceveeveeerecreenenn. 62
4.4.2 Outline of the Application Scenario.........ccccecevveereevvrcreenienne. 63
443 The Bailey’s Bridge Panel ..........cccocveieinencncnncnceiennee 64
444 The Vehicle-Door-Latch Assembly ..........coooveeveniircieniineriens 66

4.5  SUMMARY ..ot 68
CRAPLEE S........o ettt 70
THE AGGREGATE MANUFACTURING MODELLING.........70

5.1 INTRODUCTION ..ottt 70

52  APPROACH TO THE AGGREGATE MANUFACTURING

MODELLING ....coiiiiiirtiteeeie ettt et ebene s ebesrssse s 71
53  DEVELOPMENT OF THE AGGREGATE MODELS ...................... 72
5.3.1 Development of the Product Model ...........ccccovvvvirnrercrininnrecnrennes 73
53.2 The Process Model.........cococveviniiinicninnniiiiineceneencnecneee 75
5.3.2.1 Development of the Process Model ......cc.coocercvereneririreiunnncnne 76
533 The Resource Model ... 79
5.3.3.1 The Resource Class.......c.ccocevueeririnenrenicnnenennieenenerenieienienns 80
5.3.3.2  The Resource TYPes.....c.cccevueriiieiniiiienscneniiiccrieeineniene 82
5.3.3.3 Development of the Resource Type Classes.......c.ccocevvurrnennins 83

54  FACTORY MODELLING ......cccccvcviretrenecinreniriiientsmensiesnsessenennns 85



TABLE OF CONTENTS

54.1 Example of Factory Modelling .........cc.ccoceveeiiinvnnnnionnceenennnenn, 85
5.5 KNOWLEDGE-ENRICHED AGGREGATE MANUFACTURING
MODELS VIA XML PARSER ........ccocvvimiiiecerrnceecnceesesisveesvessenens 87
5.6 SUMMARY .oioiiiiiiiiininccee ettt et see e svesaevenes 89
CRAPLEY 6.ttt 91
THE ORGANISATIONAL KNOWLEDGE FRAMEWORK.... 91
6.1  INTRODUCTION ....coorriririririreneinessnisie s s, 91
6.2 KNOWLEDGE-BASED SYSTEMS AND ONTOLOGY .......cccocuu.e. 92
6.2.1 Background to Knowledge-Based Systems ...........ccccccvvvrvereennne. 92
6.2.2 Using Ontologies in Knowledge-Based Systems..........cc.ccocveunee. 93
6.2.3 Selection of Ontology Management Software ...........ccccovvvvreenene 93
6.3  THE ORGANISATIONAL KNOWLEDGE FRAMEWORK............ 96
6.3.1 The General Structure of Organisational Knowledge.................. 97
6.3.2 The Main Organisational Knowledge Ontology ..........c.ccecervennenn. 97
6.3.3 Constraints of the Manufacturing Know-how Ontology ............. 99
6.3.4 An Example of Design and Manufacturing Know-how ............ 103
6.3.5 Method of Measuring Knowledge Statements..........c.cccccoueneeene. 105
6.4  CONSTRUCTION OF THE ONTOLOGY-BASED KNOWLEDGE
SYSTEM ..ottt et essest st s e eene s ereesesneasenes 107
64.1 The Activities to Design the Knowledge-Based System ........... 107
6.4.2 Implementation of the Knowledge-Based System.................... 108
6.4.3 The Application of Axioms and Constraints within the Ontology
........................................................................... 112
6.5  SUMMARY ..ottt sttt et 115
CRAPLET 7...ooooiiec et 116

LINKING DESIGN AND MANUFACTURING DOMAINS VIA
WEB-BASED AND ENTERPRISE INTEGRATION

TECHNOLOGIES........co oottt 116
7.1 INTRODUCTION ...ccoiiiiiieieieeereneeeceeteteneeee e evessesassssseseas 116
7.2 THE PRODUCT DEVELOPMENT INTEGRATION
ARCHITECTURE .....ccoiiiiiiiiiinitr ettt 117

7.2.1 The Enterprise and Inter-Enterprise Layer........cccccoevvcevvnnnnenn 118
722 The Integration Protocol Layer..........ccccocevirvienenreenniencnennnenn. 118



TABLE OF CONTENTS

7.2.3 The Design and Manufacturing Systems Layer........c...coceeevenen. 119
7.3  COORDINATION ISSUES OF THE ACTIVITIES WITHIN THE
INTEGRATION ARCHITECTURE FOR THE TIME-DEPENDENT

COMPONENTS ...ttt ste sttt et e ettt eene 119
7.3.1 Workflow Activity Task Controller (WATC)....c.cccovervvervrrrenen. 121
7.3.2 The XML Parser Mechanisme.........cccoccevveiviiiinnenniescnennnnncnenns 124

7.3.2.1 Methods of Creating the XML Parser..........ccccoceevervververvennnn. 125

7.4 A PEER-TO-PEER FRAMEWORK FOR ENTERPRISE

COLLABORATION IN PRODUCT DEVELOPMENT .......cccoovinineecnne. 127
7.4.1 Background of Peer-to-Peer........c.ccooiiiiiiiiiiiiciiiiiciniieciccne 127
7.4.2 Overall Peer-to-Peer Framework for Enterprise Collaboration ........ 129
7.4.3 Inter-Enterprise Collaboration Framework Using P2P.............. 131
7.4.4 Distributed Workflow .........ccc.ooceviminniininiiciiececeneceeceene, 134
7.4.5 The 2-tier Communication Architecture in P2P Networking ....136

7.4.5.1 Security Issues in P2P Networking.......cccccccoverveevenrcncnnncne. 137

7.5  SUMMARY ..ottt ettt et st s neen 138

CRhapter 8...... ..ottt 140
TESTING AND RESULTS ..o 140

8.1 INTRODUCTION ...ttt seeetcenicstesesaesnssesseessesseneenss 140

8.2  IMPLEMENTATION ..ottt esseaesnesnesnens 141

8.3  TESTING AIMS AND REQUIREMENTS.......cccccoerinerrrneniennns 142

8.4  CASE STUDY 1: THE MABEY & JOHNSON STEEL BRIDGE

PANEL ...ttt sttt sttt sttt st s 143
8.4.1 Objectives and AIMS ...c.oeceeveeviiriinieieniineec e 143
8.4.2 Application of the CAPABLE System.........ccccooviivinnninininnn 143

8.4.2.1 The Product Description ..........ceceevecrivveecennencnninnennininins 143
8.4.2.2 Factory Model Used in Testing.........cc.cccvvvvvcnviinninienicnnnnne 146
8.4.2.3 Process Model.......c.ccoouvvirminiiiniiniininiiii e 149
8.4.2.4  Aggregate Process Planning for a Single Steel Bridge Panel 151
8.4.3 Manufacturing Knowledge Acquisition and Reuse ................... 152
8.4.3.1 Populating Knowledge in the Manufacturing ‘Know-how’
Knowledge-Based System ........ccooovvveiniiiniiiniinii, 152
8.4.3.2 Usage of PDM System to Store Knowledge..........cccoeennnnene. 156



TABLE OF CONTENTS

8.4.3.3 XML Parser in Knowledge Re-use in Process Planning........ 157
8.4.4 ERP for Capacity Requirements Planning and Testing Results 161
8.4.5 Closing Remarks of Case Study 1.........cccoecvvvininririenenrecrrerennne. 163

8.5 CASE STUDY 2: ARVINMERITOR VEHICLE-DOOR-LATCH..164
8.5.1 Objectives and AQMS .....co.coereeieiriienerierereeeeee e 164
852 Modelling of a Vehicle-Door-Latch within the CAPABLE ...... 165
853 Product Development Knowledge Acquisitions and Re-use .....167
854 Utilisations of a Centralised and a De-centralised Networks in
Product Development..........ccc.coviiiriiiineniiniesieceerr e eae s 168
85.5 Application of Peer-to-Peer in Collaborative Environment....... 169

8.5.6 Testing and Results of Using Peer to Peer in Collaborative

ENVIFONMENT......ciiviiiiiiiiiniiereiceeirie et esse s se s e e s aens 171
8.5.7 Closing Remarks of Case Study 2.......ccccoovviveeenrenniieviererennnne, 172
8.6  ANALYSIS OF THE CASE STUDIES ........cccoooviinvmiininenerieinnens 173
8.7  SUMMARY ..ottt ettt sr s 173
CRAPLEr 9..........oorr s 175
DISCUSSION, RECOMMENDATIONS AND CONCLUSIONS
............................................................................................................................ 175
9.1  INTRODUCTION ...ccociriiiinininieeeeeeesesreseneesresesieseessessessessessens 175
9.2 DISCUSSION ...ttt eeees s e sae e s saea 176
9.2.1 EXiSting WOrK .....cocvvereiiniiiniineennscenesreseseneeniesenesessesresenns 176
9.2.2 Specific Contributions to the Research........cccoecccvvveeninnneenenns 176
923 Data ColleCtion.......cccvvieriiriieiienrereeeeseneesieseeentrte e sre e 178
924 Overall System Evaluation..........cccceevrevciniiniicniccneinniences 180
9.3 RECOMMENDATIONS AND FUTURE WORK........ccoccvvvuvvurnnenee 181
9.4 CONCLUSIONS.......ootteetrereetrctecreenrer e srcsesesseneresassessesassessenes 182
REFERENCES ...ttt ea e e sesessenenes 185
APPENDIX A — PRODUCT LIFECYCLE MANAGEMENT ..........cccoevennn. 207
APPENDIX B - PRODUCT DATA MANAGEMENT ......cccooevviviiininiinnnn 213
APPENDIX C — PDM PRODUCT ASSESSMENT .....ccccooviiminmnininriricninnns 225
C1. PDM PRODUCT PROVIDERS .......cccceeviiirviiiiincneniicnienneene s 225
C2. EVALUATION OF THE FUNCTIONALITY OF COMMERCIAL
PDM SYSTEMS ...ttt ssesses i tesisssesss s snssesasssssnessens 227



TABLE OF CONTENTS

C5: PDM — CUSTOMIZATION AND OPERATING ENVIRONMENT
FUNCTIONALITIES ..ottt cstere et esre e s s srasaes 229

APPENDIX E - CLASS DIAGRAMS FOR INUDTRIAL COLLABORATORS

PRODUCT AND MANUFACTURABILITY ....ocooooeoeeoeeeeoe oo 232
E.1 MABEY & JOHNSON PRODUCT MODEL ON WELDING.....232
E.2  MABEY & JOHNSON PROCESS MODEL ON WELDING......233
E.3  MABEY & JOHNSON RESOURCE MODEL ON WELDING ..234
E.4  ARVINMERITOR PRODUCT, PROCESS AND RESOURCE

MODELS BASED ON FOUR COMPONENTS.........cccoooiverreeererresreennenn. 235
APPENDIX F - MABEY & JOHNSON MANUFACTURING KNOWLEDGE
............................................................................................................................ 236
APPENDIX G - USING XMI TO CREATE THE ONTOLOGY .......cccrvvon.... 245
G1. EXPORT THE UML CLASS DIAGRAM USING XMI................... 245
G2. IMPORT XMI INTO THE PROTEGE2000 KBS EDITOR .............. 246
G3. THE ORGANISATIONAL KNOWLEDGE ONTOLOGY IN XMI
FORMAT ......oooooovrcrrceressiesssessss s esesssssssssssssasessssssssassssssssssssssesssnssen 247
APPENDIX H - EXECUTION OF WORKFLOW ACTIVITY TASK
CONTROLLER .....oouvteiiritncticessieetseaesessessisssesssssssssssssssssssesssssssssessaseons 250
APPENDIX I - IMPLEMENTATION OF XML PARSER........ccccoocvsrvnrenns 259
11: LOAD XML FILE .....ovvvmiiniiiesiiesesceeseess s sessesesssssssssassssssssssssses 259
12: WalkTree FUNCTION ........vvveemeeeeeeeeeoreesseeeseseeemessessesmsssessessssesssnses 259
I3: read (resource) FUNCTION EXAMPLE .........cccccvvniinvrnenrieneneeneenne 260
14: get KNOWLEDGEMENT STATEMENT EXAMPLE..............coo...... 260
15: Create JAVE OBIECTS .....vvuiveeeeeciereeseeesssnsssssseessessnssnsssesssessans 261



LIST OF FIGURES

LIST OF FIGURES

Figure 1.1: The Main Elements of the proposed Distributed and Collaborative

Product Development and Manufacturing Knowledge Management environment

(Maropoulos and Gao 2000). .......coceverviererrerrierienienienersreeesseesseeeessrssesssssaessesssessens 5
Figure 1.2: Structure of the ThesiS......ccceceririniniicriiieeeereeeeeee et 10
Figure 2.1: Information Flow through the CAPABLE/Space System. Reproduced
from Bramall ef al. (2001@).......coccceviriiimiiiiiniiiece et sees e s 23
Figure 2.2: Representation of the UML Product Model Structure ........cc.ccccoeeuennenne. 24
Figure 2.3: Kndwledge Management Systemic Approach ............ccocecveiininicncenn. 26
Figure 2.4: Emerging Publications in Knowledge Management (courtesy of Wilson,
2002) oo e 27
Figure 2.5: Conceptual Framework: Knowledge Management Processes (courtesy of
Bouthillier and Shearer 2002) ........oovvieiieriiieiireiereescerreseeie e ese s e re e besanes 29
Figure 2.6: Workflow System Characteristics ...........ceeeceereircrurenneeerecererenreniruens 36
Figure 3.1: PDM Functionality Diagram ............cocoveveveniiecenernnnnnninnrennennesennens 45

Figure 4.1: The Main Elements of the Proposed Distributed and Collaborative

Product Development and Manufacturing Knowledge Management Environment

(adapted from Maropoulos and Gao, 2000). ........ccecerreereriirerenrerenrereereesnensereersereenses 56
Figure 4.2 Example of Object-Orientated Method in UML Class Modelling........... 59
Figure 4.3: Systems Applications in UML Sequence Diagrammatic Representation 64
Figure 4.4: Bailey’s Bridge — (Picture courtesy of Mabey & Johnson, UK} ............. 65
Figure 4.5: A Single Steel Bridge Panel ...........c.occcvcencvnniininninicinees 66
Figure 4.6: A Simple Vehicle-Door-Latch Assembly..........ccccovvvvivinininininninnene. 67

Figure 4.7: Light-Vehicle Door Module — (Picture courtesy of ArvinMeritor UK) .. 68
Figure 5.1: Example of Weld Types and Joint Features (BS EN 1708-1:1999 / BS EN

1708-2:2000 / BS EN ISO 17659:2004) .....cccovvrieirreriereeereiineniecerineesneneeneecees 72
Figure 5.2: Overall UML Class Representation of the CAPABLE System .............. 73
Figure 5.3: Top-Level Product Model Class Diagram.........ccoccoevvveevencreeeecrnnnenenncn. 74
Figure 5.4: Additional Feature Classes for the Bailey’s Bridge Product Model ....... 75
Figure 5.5: The Top Level Process Model Class Hierarchy ..o 76
Figure 5.6: Additional Classes for MassReducing and MassConserving .................. 77



LIST OF FIGURES

Figure 5.7: Additional Classes for Discrete_Parts Manufcature and Part_Handling

.................................................................................................................................... 78
Figure 5.8: Selection of Attributes and Methods in Orientation Classes .................. 78
Figure 5.9: Additional Classes for Thermal Joining Process..........ccccoovvvevvvevriinennns 79
Figure 5.10: Example of Attributes and Methods in Welding Class..........ccccevueneee. 79
Figure 5.11: Resource and Resource Type Classes with their Attributes.................. 80
Figure 5.12: Hierarchy of Resource Type Objects.......c.ccccvverirnnineneceneninicnneneenne 83
Figure 5.13: Additional Classes for Machine Type and Tool Type (Mabey &

JORNSON) .ottt ettt s st s et e b e st b e e b sha et e ene e 84
Figure 5.14: Additional Classes for Machine_Type (Arvin Meritor Automotive)..... 85
Figure 5.15: Factory Model of Mabey & Johnson Ltd ..........cccoccccrivincnnninnccnenen. 86
Figure 5.16: Product Model and Factory Resource Mapping.......c.ccccevvevverveecccneein. 87
Figure 5.17: The XML Parser Function for a Factory Model.........covveinincnnnnenne 88
Figure 5.18: Exémple of Knowledge Statements Related to a Factory Model.......... 89
Figure 6.1: The Organisational Knowledge Framework.........c..ccccoccovininviininnns 96

Figure 6.2: A High Level Representation of the Organisational Knowledge Ontology

Figure 6.3: A Detail Representation of the Organisational ‘Know-how’ Ontology 101
Figure 6.4: Example Snapshots of the Ontology Representing Organisational

KNOWIEAZE. ...veeeviireecicteer sttt sttt ettt et e s eses oo bt e 102
Figure 6.5: Performance EXhaust...........coceeviieriiiiieenniicrincncennienneieeneressves e e 103
Figure 6.6: Activities in the Design of an Ontology-Based Knowledge System..... 108
Figure 6.7: The Knowledge-Based System...........cccovvuiviecnininininnnnincnenincnenns 110
Figure 6.8: Example of INStANCes.........ccccevvririrrrienieeeecnenrcrinesesercneneneseenssnees 111
Figure 6.9: Method of Defining Constraints...........cccccvuvveviincnieeceninniennennne 113
Figure 6.10 Example of Using Constraints...........cceceeevvvvenierenreneeniesrenseeneeniseeene 114
Figure 7.1: Overall System Integration Architecture in Product Development....... 118
Figure 7.2: Coordination of Time Dependent Components.........c...cccccvvveerineranennne 120
Figure 7.3: Time Dependency Scenarid Using WATC Concept.......cooeerveecennnnnne 123
Figure 7.4: Sample Screenshot of the Windchill PDM Graphical Workflow and

Email Notification INboX..........cccvereniiininiinccnecenncsiec s 124
Figure 7.5: Algorithm of a Java-based XML Parsers’ Internal Methods................. 125
Figure 7.6: Algorithm of a Java-based XML Parsers’ Internal Methods................. 127
Figure 7.7: Overall Hybrid P2P Framework for Enterprise Collaboration.............. 131



LIST OF FIGURES

Figure 7.8: Inter-Enterprise Collaboration Using P2P...........ccccoovvvnvninnicniiinees 132
Figure 7.9: Alternative Configuration of Inter-Enterprise Collaboration Using P2P

Figure 7.10: Distributed Workflow Diagram for SMEs and OEMs Collaboration. 136

Figure 7.11: The 2-tier COMMUNICALION .....ccverviierrireienrrirerieereeeesneseessessaessesnenes 137
Figure 8.1: Single Steel Bridge Panel ...........cccovvvvecieniinccnincnneninncnnenene 144
Figure 8.2: Example Product Model in the CAPABLE System ..........cc.ccoeevivnnnnnn. 146
Figure 8.3: Factory Layout of Mabey & Johnson Ltd .........ccccoeeeveiincnininicnnnne 146
Figure 8.4: Screenshot of the CAPABLE System Factory Model..............cccuu..... 148
Figure 8.5: Screenshot of the CAPABLE System Process Model........................... 151
Figure 8.6: Assembly and Subassembly Sequence of a Steel Bridge Panel........... 152
Figure 8.7: Knowledge ACqUiSition.........ccucccveveeevenreinineecniinicineensneneeene 153
Figure 8.8: Example Probability Factors Defined by Axioms......cccccovinirincncnnes 154
Figure 8.9: XML Formatted Knowledge ..........ccoovriiiiiieivnenincnieneeeeec 155
Figure 8.10: Use of PDM in XML-Based Knowledge .........cccoccecrriivnivnnncnnnne 156
Figure 8.11: Centralised Testing Environment............ccocovvevveervninincnnenecnnnienennens 157
Figure 8.12: Example Knowledge Statements Related to a Specific Object........... 159
Figure 8.13: Example Process Plan for a Single Steel Bridge Panel ....................... 160
Figure 8.14: Example Process Plan in MS Excel Format ........c..ccccovvvvvvevenneenennne 160
Figure 8.15: Compiere Functional Requirements for Capacity Planning................ 161
Figure 8.16: Product FUNCHON ...c..cccvivieeiiiiiiectniente et st 162
Figure 8.17: Product Model of a Selected Vehicle-Door-Latch Component........... 166

Figure 8.18: High-Level View of Open Source Server and User Interface
ATCRITECTUTE ...ttt st sbb e s 169
Figure 8.19: Super Peer Architecture Showing the Interacting Within Internal and
External Peer Nets of a Collaborative Project...........cocevevercrcrcncrenvenenrnnenrennennns 170




LIST OF TABLES

LIST OF TABLES

Table 3.1: PDM Questionnaire Industrial SUrvey .........ccoccvveeivererinniinnnicieceeee e 48
Table 3.2: Impact of PDM in Organisation...........ccccceveeveriveiienenieneenennnninenesnenee 49
Table 3.3: Difficulties Encountered in the Implementation..........ccccocceevniiiiviincnnne. 50
Table 3.4: Purpose of Implementing PDM ..........ccociiiiininiiniin e 51
Table 3.5: Consideration for Investing PDM.........ccoovirinieniinneniiinnieneenenceceeenes 52
Table 5.1: Example Operating Parameters for Various Processes in Welding and
MaACKITING .ottt s 83
Table 6.1: Example Ontology Editing Tools. Adapted from Denny, (2004a)............. 95
Table 6.2: Typical Example of Design ‘Know-how’...........cccccevevirvinivnnvnninnnincnen. 104
Table 6.3: Typical Example of Manufacturing ‘Know-how’ ...........ccocevevevvvininrinnns 105
Table 8.1: Bill of Material Description .........c..eeevereeeneneninnininii e 144
Table 8.2: Summary of Mabey & Johnson Shop Floor .........ccccvvvievniniinnnnine 147
Table 8.3: Example Resource Model Data .........ccccocevvicvineniiniiniincnnncncnen, 149
Table 8.4: CRP for a Full Panel ..o 163
Table 8.5: Product Development Knowledge Representation in ArvinMeritor
AULOMOLIVE....eovtirieirieiee ittt e e et besaesassbe e saessassanesne e s nnesassaesan s 167
Table 8.6: Comparison of Key Features of Tested System..........cccouvvveevvnninnniennne, 172



DECLARATION AND COPYRIGHT NOTICE

DECLARATION

I confirm that no part of the material offered in this thesis has previously been
submitted by me for a degree in this or any other university. This thesis presents the
author’s own work, except where appropriately acknowledged citations are given.
Where material has been generated through joint work, my independent contribution

has been clearly indicated.

COPYRIGHT NOTICE

The copyright of this thesis rests with the author. No quotation from it should be
published without their prior written consent and information derived from it should be

acknowledged.

Wai Ming CHEUNG
School of Engineering
University of Durham

© Copyright 2007.

Xiv



ACKNOWLEDGEMENTS

ACKNOWLEDGEMENTS

[ wish to express my sincere thanks to my supervisors Prof. Paul G. Maropoulos and
Dr Peter C. Matthews. This research is based on the ideas of supporting early design
conceptualisation and manufacturing scenarios by Prof. Paul G. Maropoulos and Dr
James X. Gao, both of whom formulated much of the early thinking on the research
hypothesis. I am also deeply thankful to my colleague from Cranfield University,
Hayder Aziz, who came up with the idea of using open source solutions in this
research.

I owe a debt of gratitude to many other people in the School of Engineering at the
University of Durham. In particular, I acknowledge the significant contribution of Dr
David G. Bramall and Kevin R. McKay, both of whom developed the CAPABLE
Space System which later was used and applied in this research. In particular, David,
who has given me support and advice in facilitating the CAPABLE system. I also
acknowledged Steven Kelly from Siemens (UK) Ltd, for his valuable time to read the
thesis.

The industrial perspective plays an important part in this thesis: I am indebted to
the contributions made by various individuals at the main industrial sponsors, in
particular, Guy Bursell and Steve Moore from Mabey & Johnson Ltd. In addition, this
project would not have been possible without the financial support of the Engineering
and Physical Sciences Research Council (EPSRC), UK.

Finally, a special thanks is also due to the river bank of Durham Castle right across
the end of Findchdale Priory, here 1 have spent countless hours of jogging, running

and the solitarily of contemplating ... keep smiling through life’s ups and downs!



ABSTRACT

ABSTRACT

A major challenge facing industry nowadays is the adoption of current information
sharing and collaboration technologies for early design and manufacturing phases to
enable collaboration for product development through information distribution.
Furthermore, product development process displays ever growing complexity and
dynamic behaviour due to both increasing product complexity and distributive and
collaborative engineering demands. In order to overcome these issues, advanced
strategic corporate alliances must share knowledge, expertise and resources in an

increasingly competitive global market.

The principal hypothesis of the research is that, at present there is a disconnection
between the early stages of communicating design concepts and potential
manufacturing scenarios which could be bridged by using internet-based Product Data
Management (PDM) systems with techniques and methods for design
conceptualisation, aggregate factory modelling and manufacturing knowledge
management. The main objective of this research is therefore to investigate and
develop methods for the effective management of the internet-based process of
communicating new product requirements and manufacturing performance
evaluations. In‘particular, the investigation is focused on the early stages of product
development throughout the product life cycle using PDM, Enterprise Resource
Planning systems and Web-based technologies. The tools used to explore the
feasibility are the utilisation of Web-centric supporting technologies such as eXtensible
Markup Language, Resource Description Framework and ontologies for
manufacturing knowledge management. The Unified Modelling Language and Object-
Oriented based Java Programming Language are used to further develop and facilitate
an early process planning evaluation system. In addition, a new framework using Peer-
to-Peer technology as a subset of the product development integration architecture to

support smaller companies and large corporations has also been developed.

This thesis presents the contributions and the development of novel methods which
include:

1. The aggregate manufacturing models,
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2. New methods in relation to knowledge management of design and
manufacturing,
3. A client/server product development integration architecture, and
4, A decentralised production network for smaller and larger companies using
‘open source’ solutions.
These will facilitate the communication of early design and product development

within a distributed and collaborative environment.

Two case studies are presented to verify the demonstrations. The first case study
replicates a centralised client/server environment supporting the design of steel panel
bridges for rapid assembly on-site. The second case study is focused on creating a
virtual enterprise collaboration to compare the applications of a centralised PDM and
decentralised open source solutions. Overall results have indicated that:
1. The opportunity of early collaboration in product design can be maximised,
prevent poor decisions, enable the design to be right first time, and
2. Elimination of bottlenecks in bandwidth and resources, reduce centralised
administration cost and empowering of collaborators within networks to
control the knowledge they create.
Therefore, with proper technologies, methods and techniques to share knowledge,
expertise and resources, can enhanced the three critical factors in product development,

namely: reduction of cost, time-to-market and quality of product.
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INTRODUCTION

1. INTRODUCTION

1.1 INDUSTRIAL PROBLEMS AND SOLUTIONS

The manufacturing industry faces many challenges such as reducing time-to-market
and cutting costs that directly affect the company and the life cycle of a product.
According to Maropoulos and Gao (2000), the key industrial problem for modern
manufacturers is the lack of collaboration at the early stages of distributed product

development due to the following reasons:

e The lack of techniques for the rapid translation of early design ideas into an

analysable form, and

e The lack of meaningful manufacturing knowledge in the feedback evaluation

process

The industrial impact of the above problems is felt in many areas, such as vital
decision-making especially in the areas of product configuration and responsiveness to
changing markets and meeting customer demands. A further problem is the inability to
make full use of e-business technology. Another huge problem the industry faces is
meeting individual customer requirements such as engineered-to-order. The product’s

life cycle is increasingly shortened, volume reduced and customisation increases.
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Therefore, it is important to interact with the client to meet product definition during
the earliest concept stage of product development. Hence, it is imperative that the
Original Equipment Manufacturers (OEM), suppliers, vendors and customers can
interact effectively and make a conceptual design for the product that is
manufacturable and cost effective. The way to achieve this is by effective
communication within the enterprise from conceptual product design and
manufacturing. Communication is vital for decision making and support in the product
development process, thus, this is one of the main factors contributing to product

quality, cost and delivery.

Solutions to these problems are proposed and described below. In order to meet the
development in a distributive and collaborative environment the research work is
divided between the University of Durham and Cranfield University. The two major
building blocks are in-place as follows:

1. The novel aspects of the research work developed at Durham are:

e The ability to easily create, modify and utilise design and manufacturing
knowledge during the early design phase.

¢ To create assembly plans for the components and evaluate the potential
viability using assembly planning tool and interface with Resource
Planning tool.

e Product Data Management (PDM), which holds all design data and meta-
data as well as enabling version control of design iterations and access to
shared work area for the team members.

¢ Secure data communications technologies to allow data to flow between

team members and the central repository.

2. The novel aspects of the research work developed at Cranfield are:

e Computer Aided Design (CAD) environment to generate conceptual
designs and allow the visualisation of product design for non-technical
members and for design evaluation.

e Viewer technologies to allow real-time collaboration of geographically

disparate groups, allowing them the ability to mark-up designs and
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recommend changes. Also, to allow persons without access to CAD
software to view the models. |

e Interface between the CAD software and Process Planning software in
order to assess the potential manufacturability of a design from the
conceptual phase. Interface with Resource Planning tools will also forecast
the potential costs of the design from an early stage of the project.

o The ability to pass the conceptual design as a “rough sketch” directly into
the CAD tool for detailed design.

As such, the following sections will discuss the research hypothesis, the methods and

the activities to be undertaken in order to meet the proposal.

1.2 RESEARCH HYPOTHESIS

The principal hypothesis of the research is that at present there is a disconnection
between the early stages of communicating design concepts and potential
manufacturing scenarios. However, this discontinuity could be bridged by using
internet-based PDM systems with techniques for design conceptualisation and
aggregate factory modelling and manufacturing knowledge management. The main
objective of this research is therefore to investigate methods for the effective
management of the internet-based process of communicating new product
requirements and manufacturing performance evaluations. The investigations will
focus on the critical early stages of product development throughout the product life
cycle using PDM and related Web-based technologies. The potential industrial benefits
will be the demonstration of increased front-end responsiveness and improved quality
of design and production decisions that will allow supply chain companies to take full
advantage of emerging e-business models. The research is particularly relevant to
manufacturing environments with small batch sizes, medium to high product
complexity, increasing product variety and decreasing product life cycles. Under such
circumstances, the efficient management of product and process knowledge, from the
early stages of design, should result in reduced product development lead times and

increased production efficiency.
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1.3

THE MAIN METHODS AND ACTIVITIES OF THE
RESEARCH

1.3.1 Research Methodology

The technical methodology is illustrated in Figure 1.1 that shows the overall

architecture of the proposed project in relation to product life cycle:

From conceptual design (aggregate product modelling) via aggregate
manufacturing knowledge modelling to rough-cut capacity planning and,

From detail design (Computer Aided Design - CAD) to capacity requirements
(ERP).

The discontinuity of early design concepts and potential manufacturing
scenarios could be bridged by the synthesis of internet-based PDM systems
with novel techniques for design conceptualization via knowledge management
(Knowledge-Based System - KBS) and aggregate factory modelling (the
CAPABLE system (Bramall et al. 2003)).

The proposal also sets out to explore the adoption of a client/server centralised

and P2P decentralised production networks.

The illustration highlights the individual research areas between Durham and Cranfield

Universities. The research undertaken at the University of Durham is:

Conceptual Design - development of the Aggregate Product Modelling
including the Aggregate Process and Factory Models of the CAPABLE system.
Manufacturing Knowledge Modelling - for capturing implicit and explicit
knowledge in design and manufacturing.

Integration Architecture - to create a methodology of an integrated
environment based on the applications of PDM, ERP systems and Web-based
technology.

The research undertaken by Cranfield University is:

Detail Design - the development of a STEP Modeller (STandard for the
Exchange of Product model data) in AP224 (Application Protocol).
Manufacturing Knowledge Modelling - for capturing design geometric data and
design rules.

The application of P2P method - the author of the University of Durham has

made significant contribution to several elements such as distributed indexing,
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One important aspect of this research is to present a means of creating a single
knowledge domain for manufacturing similar to Goasdoue’s (1999) approach. The
method of sharing knowledge in this work makes use of existing technology such as a
PDM which allows the same information to be shared heterogeneously within a
collaborative and distributed secure environment. Another aspect of this work adopts
an approach similar to Moench’s (2003) work which enables users to retrieve
knowledge for various applications. This method of knowledge retrieval makes use of
the application of XML Parser technology which enabies the XML-formatted
knowledge to be shared by other third party applications.

The scope of the research is restricted to processes for which there are already
available modelling methods and will be centred on the PDM and manufacturing
knowledge modelling aspects. With regard to design and ERP, only a small number of
essential functions will be used to generate the product model and assess capacity
implications respectively. The PDM functions will provide the “communications
wrapper” linking design with manufacturing and capacity planning. The term
“communications wrapper” is used to denote a coherent layer of proprietary functions
and data management procedures that conform to international standards, such as
XML, so that it can be used to facilitate and manage the process of linking design and

manufacturing functions and systems.

The leading edge Web-centric PDM system Windchill has been chosen for modelling
product knowledge and controlling design and manufacturing processes (workflow) at
all stages of design. Product information will be generated by the CAD system, Pro-
Engineer. CAPABLE, a prototype aggregate process planning system will be used for
converting early design specifications into production routings with rough-cut
predictions of times and costs. The ERP system Compiere will be used to generate
capacity plans using predicted demand for routes generated by CAPABLE aggregate
routes, corresponding te early designs. This is the first time that a capacity based
assessment of non-linear aggregate routes has been attempted with a view of choosing
routes that will improve factory loadings. The selected tools and the developed
rhethodology will ensure that this project is in the forefront of relevant research

internationally.
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1.3.2 The Main Objectives

The aim of the research described in this thesis was to propose a product
development integration architecture to support early design stages and

manufacturing evaluations to:
1. rapid translate early design ideas into an analysable form, and

2. include meaningful manufacturing knowledge in the feedback evaluation

process.

To confirm this view the following research activities were adopted by the

University of Durham:

1. A traditional review of the literature was undertaken. This focused was on
journals, trade magazines, books and work being undertaken in the consulting

area.
2. To assess the current approaches adopted by industry through:
a. an assessment exercise carried out in PDM commercial systems, and

b. a survey undertaken on how industrial companies have implemented

PDM.

3. To translate early design concepts/ideas into appropriate, tentative product
configurations for detailing/embodying and measuring resulting
manufacturing performance as shown in Figure 1.1 (Al). This includes the
development of Aggregate Manufacturing Modelling in product, process and
factory resource in using Unify Modelling Language (UML) and JAVA

programming techniques.

4. To investigate whether by linking the design intent translation and
manufacturing knowledge methods with web-centric PDM systems to
demonstrate the effective generation and communication of design ideas and

manufacturing evaluations from the critical early development stages.

a. A novel organisational knowledge framework using ontology to
represent design, manufacturing and business process has been

defined and developed as shown in Figure 1.1 (A2).
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b. The methods for integrating design with PDM and ERP, including the
development of an advanced integration architecture using linking
methods of Workflow Activity Task Controller (WATC) and XML
Parser as shown in Figure 1.1 (A3 and A4)

c. Define and research additional work on P2P to create a hybrid

integration methodology as shown in Figure 1.1 (AS).

5. To evaluate the potential benefits by testing the developed methods and

prototype systems in two exemplars:

a. replicates a centralised client/server environment based upon steel

bridge panel for rapid assembly on-site, and

b. uses a vehicle-door-latch product and the application of PDM and
decentralised peer-to-peer network for smaller and larger companies

collaboration .

1.4 INTRODUCTORY REMARKS

This thesis describes the work undertaken during the research into the development of
a collaborative and manufacturing knowledge distributed environment. The
fundamental objectives and various aspécts of the research proposal and activities have
been described. The research work was a collaboration project with Cranfield
University and industrial partners, Arvin Meritor Ltd and Mabey & Johnson Ltd. The
underlying research was carried out under a grant from the UK Engineering and
Physical Sciences Research Council (EPSRC) (GR/R26757/01) and (GR/R
R3514801/01. The technologies and software tools used to engage in the research are
quite diverse including the utilisation of Web-centric supporting technologies such as
eXtensible Markup Language (XML) and Resource Description Framework (RDF),
the Unified Modelling Language (UML), Java Programming Language, the
CAPABLE system and a commercial Product Data Development (PDM) system.
Other technology the research has deployed includes the open source software tools
such as Enterprise Resource Planning (ERP) system, a knowledge management editor

and Peer-to-Peer (P2P) networking.

This thesis sets out the requirements for the research at Durham and provides a

discussion of aggregate process planning concepts and the assessments of enterprise
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integration technologies. In addition the thesis also describes the modifications and
further developments of the CAPABLE/Space System (Concurrent Assembly and
Process Assessments BLock for Engineering manufacture) (Maropoulos et al. 1998;
Bramall et al. 2003; McKay et al. 2003) to accommodate and meet the needs of the
cdllaborating companies’ product specifications and manufacturing facilities. A novel
organisational knowledge framework using ontology to represent design,
manufacturing and business process has been defined, in particular the development of
‘manufacturing know-how’ to enhance design decisions. An integration architecture
for product development has been developed to facilitate bridging the gap between the
application of PDM, Enterprise Resource Planning (ERP), Web-based technologies
and manufacturing and design domains. The integration of these disparate technologies
will be of benefit to collaborative work teams, to enable them to interface and develop,
review, analyse and reuse engineering and manufacturing knowledge and models
within the manufacturing enterprise. In addition a new framework using Peer-to-Peer
(P2P) technology as a subset of the product development integration architecture to
support smaller companies and large cooperation has also been developed. The aim of
this additionalb application is to test the advantages of adopting combinations of

centralised and de-centralised production networks.

1.5 STRUCTURE OF THE THESIS OVERVIEW

This thesis is organised into 9 chapters which are divided into 4 main parts as shown in
Figure 1.2. Part 1 covers the research hypothesis and theoretical aspects of the
literature review. Part 2 covers the building of the theoretical framework of the product
development integration architecture and its associated components. In part 3, the
thesis covers data collection for the case studies. Part 4 covers the resulting
conclusions and future works of this research. The appendices contain further

information related to certain chapters of the thesis.
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elements such as axioms, constraints and Web-based
technology needed to create a knowledge-based system to be
used in the integration architecture with the PDM and
CAPABLE Systems as described in chapters 5 and 7
respectively.

Chapter 7 Describes the implementation and methodologies needed to
create the integration environment. »

Chapter 8  Displays the results based on the two case studies.

Chapter9  Discusses and concludes the founding of this research with

further recommendations.

Appendices A and B describe the core areas and the functionalities of PLM and PDM
systems. Appendix C shows the PDM providers and their offerings. Appendix D
shows a list of companies in the industrial survey. Appendix E illustrates the additional
capabilities of product, process and factory resource models. Appendix F illustrates the
data collected for the Organisational knowledge-based system. Appendix G shows
how the application of XML Meta data Interchange (XMI) to create the ontology.

Appendix H displays an example using workflows function of the PDM system for the
novel methodology, Workflow Activity Task Controller (WATC), to demonstrate the
time based integration wrapper concept. Appendix I depicts the methods of creating a
JAVA based XML Parser. Appendix J shows a list of twenty-one publications related
to this research, five international journals, fwo book chapters and fourteen conference
papers. Of these, eleven were principally written by this author. Over this research
period, fourteen papers relating to the project have been presented at various

international conferences.

11
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LITERATURE REVIEW

INTRODUCTION

As stated and discussed in Chapter 1, the overall objective of this research is to bridge

the discontinuity of early stages of communicating design concepts and potential

manufacturing scenarios. The methodologies to meet the requirements are the

application of internet-based enterprise integration systems with techniques in relation

to design conceptualisation, aggregate manufacturing modelling and Web-based

technologies for manufacturing knowledge management. This chapter therefore

focuses on describing the background and review of the relevant techniques and

technologies to be used throughout the research. In general, this chapter is categorised

into the following sections:

Related work in collaborative product development,

The enterprise integration technologies,

The process planning and its associate modelling components,

Knowledge management and Web-based knowledge management
methodologies and its associate technologies,

Integration of Applications,

Applications of workflows, and

The Peer-to-Peer networks.

12
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This literature describes related work, the technologies, techniques and the background
of the approaches which in some cases were the driving force and inspirations behind
this research work. The roles of enterprise integration systems and the applications of
Web-based and workflows technologies are discussed. Important concepts in relation
to aggregate pfocess planning and knowledge management are examined. The
motivation and growing interest for implementing open source Peer-to-Peer
decentralised network in an inter-enterprise collaboration in product development is
also discussed. The deployment of the technologies and different software systems is
to formulate novel methodologies in order to create a product development integration

architecture to demonstrate the benefits and verify the research hypothesis.

2.2 RELATED WORK IN COLLABORATIVE PRODUCT
DEVELOPMENT

With the advances in information and web-based technologies over the last decade,
there is a shift of research focused on product development. The most recent research
is focused on collaborative design and information distribution to the right place, to the
right people and at the right time. It aims to meet the increasing demands of the
globally co-operative design and outsourcing trend in manufacturing. Recently, a
number of reéearch projects have been carried out to support collaborative and
distributed solutions from the perspective of CAD, PDM, workflow management,
knowledge management and Web-based technologies (Xiao et al. 2001; Qiang et al.
2001; Xie and Salvendy 2003; Xu and Liu 2003; Li ef al. 2004a and b; Madhusudan
2005; Rodriguez and Al-Ashaab 2005; Huang ef al. (2000), (2001) and (2002)).

Xiao et al. (2001) developed a Web-based Distributed Production Realization (Web-
DPR) system as an infrastructure to support collaborative design and manufacturing.
Based on the Java remote method invocation (RMI) mechanism, agents and an event-
based mechanism, the functional modules of the systems can be linked and co-
ordinated effectively. However, the application is not specifically designed for
conceptual design or for passing data on to process planning applications. On the other
hand, Qiang et al. (2001), developed a collaborative product design support
environment based on the Internet. The key aspect of the research is to allow product

designers to exchange and share product data and communicate with team members to

13
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modify geometry data on particular aspects of the design, and maintain operations
consistency in all the distributed cooperative sites on a wide variety of platforms. A
limitation of this approach is that the macro operations can only be replayed on
workstations using the same CAD software. Similarly, Xie and Salvendy (2003)
developed a mechanism to co-ordinate remote members in the process of a
collaborative project. The mechanism is able to actively provide the constant
awareness and feedback of statuses and activities of members contributing to the
whole collaborative task. For example, the information about who the collaborators
are, where they are now, and what they are doing. The authors have noted the
shortcomings of this prototype system as there is no version control or security
features. However there is some other disadvantage relevant to real-world application
such as the inability to share data with other CAD users. To address the above
limitations, Xu and Liu (2003) developed an architecture utilizing a Web-enabled
PDM system in a collaborative design environment. The system is implemented using
Microsoft Visual Basic and runs in the Microsoft Windows environment and the
internet to allow users on a wide variety of platforms to access the product data. The
research however is focused on the detail stage of the design. The authors have noted
that the implementation of the system is partial and further research is needed for
transforming geometry schema into the object-oriented schema. Visual Basic
executables rely upon run time libraries which need to be stored on the client machine

which makes it inflexible.

Li et al. 2004 (a) developed a client/server framework to enable a dispersed team to
accomplish a feature-based design task collaboratively. In this research, the
establishment of the distributed design environment is based on RMI. The process of
designing a part collaboratively in the environment is server side. The collaborative
server can create and manage dynamic sessions which can be accessed by clients to
provide a workspace to carry out collaborative design activities. Designers
participating in the same session can share the same design model. The authors have
noted that there are still some technical problems to be addressed. Firstly, the current
information management on the server is a file system-based which can be replaced by
a database system. Another issue is the system lacks detailed visualisation information
of mechanical parts in order to support web-based collaboration. However, Li et al.

(2004 (b)) has also developed an Internet-enabled system based on Java, RMI and Web

14
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technologies to support collaborative and concurrent engineering design by integrating
three functional modules, namely, co-design, Web-based visualisation and
manufacturing analysis. In the co-design module, designers are equipped with co-
modelling and co-modification facilities to carry out a design task collaboratively. The
Web-based visualisation module provides a portal for users to view and analyse a
design part conveniently. Manufacturing analysis module can be invoked by users to
evaluate and optimise the manufacturing costs and the manufacturability of a design
part. This system can be used for a design team geographically distributed to organise

a 3D collaborative and concurrent engineering design.

The applications of workflows and knowledge management have been used to support
a collaborative product development, for example, the most recent research are
Madhusudan (2005) and Rodriguez and Al-Ashaab (2005). Madhusudan (2005)
developed an Agent-based Process Coordination (APC) framework for distributed
design process management. The approach is to embed autonomous agents in a
workflow-based distributed systems infrastructure. The framework utilizes a
centralized decision-making and task sharing approach to support design activities. A
design process plan is executed by a centralized coordination agent with the help of
service agents. However, the research does not state how the data is to be shared across
different applications in the downstream processes and whether the software tool
works in a real-time collaborative environment. Rodriguez and Al-Ashaab (2005)
proposed a knowledge driven collaborative product development (CPD) system
architecture. The research is focused on the provision of real-time manufacturing
knowledge to support geographically distributed companies in making engineering
decisions. The sources of manufacturing knowledge are the manufacturing process,
resource capabilities, company experience, technical documents and industrial
heuristic knowledge. The architecture developed is modular-based and the
manufacturing knowledge model and the product model are implemented as object-
oriented databases. The information is accessed using a back-end connectivity
CORBA (OMG 2006). However, the authors have stated that there is no real time
visualization of the geometry and therefore the design cannot be modified over the
internet. Another shortcoming is that the research did not address the problem of how
manufacturing knowledge can be represented by a common format to be shared in

geographically distributed companies.

15
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Among above authors Huang et al. are particularly focused in collaborative product
development. Huang et al. (2001) developed a Web-based system to manage
engineering changes (ECs) in a collaborative product development activity. ECs
frequently happen during a design process, and managing the ECs in a Web-based
sjstem can facilitate better information sharing, simultaneous data access and more
pfompt communications among team members. The system can play as a
complementary tool to a PDM system to enhance its capability in the management of
ECs. Meanwhile, Huang extended the Web-based system to support product design
review to support a design chain (Huang and Mak, 2000; Huang 2002). The design
review system functions as follows:

e Simulate an on-line central review meeting room equipped with a Virtual
Reality Modelling Language (VRML) whiteboard for visualising an on-line
design model.

e A review co-ordinator to provide a set of facilities for a project manager to plan
the activities and resources involved in the review process.

o A Bill-of-Materials (BoM) explorer to store and share review comments and
some relevant documents.

However, the above paradigm does impose a potential hindrance in that the paradigm
requires a series of repeatable request-download processes of static HyperText Mark-
up Language (HTML) pages and local execution. Under this paradigm, once the
download process finished, the server losses control of the relevant HTML pages.
Hence, this will cause undesirable result such as the up-to-date information for design
changes may not be available to other clients in the collaborative product development

activities.

Among all the research discussed however, none of them particularly addressed
collaborative product development and information distribution to support the early
design stages with disparate technologies and software tools, which will increase the
potential industrial benefits of front-end responsiveness, quality of design and
production decisions. The combined disparate technologies include knowledge
management using ontological techniques supported by PLM, ERP, aggregate
manufacturing modelling, workflow management and XML data exchange format.
One of the key aspects within the research is the introduction of a product development

architecture to integrate the disparate technologies. Another research area introduced is
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a hybrid integration methodology using PLM and P2P as a subset of the product
development integration architecture. The remainder of this chapter therefore, will

focus on the review of the technologies and methods used in the research.

2.3 ENTERPRISE SYSTEMS

This section describes the background of PDM/PLM and ERP systems, in particular an
introduction of how the systems evolved from the traditional computer aided design
and materials resource planning tools into the current enterprise-wide integration

technologies.

2.3.1 CAD Tools to PDM

The reduction of product development cycle time and the improvement of design
quality has been supported in the last two decades through the implementation of
various computer aided technologies like 2-Dimensional and 3-Dimensional CAD
(Computer Aided Design), CAE (Computer Aided Engineering) and CAM (Computer
Aided Manufacturing). All these tools aimed to accelerate, automate and integrate
various engineering and manufacturing processes. The introduction of CAD tools,
however, was often only task instead of process oriented. Organisations tried to
automate their tasks as efficiently as possible to create an environment which best suits
and meet their targets. In practice, only little integration took place. Each CAD tool
produced its own data format, and this problem could only partially be resolved by
various interfaces and data exchange formats like IGES (Initial Graphics Exchange
Specification) and STEP (STandard for the Exchange of Product model data) that were

developed to facilitate communication between the different CAD tools.

Therefore, the result was often a heterogeneous, fragmented, multi-system
environment in many companies and especially in design chains for product definition.
Browne et al. (1988) state that “during the engineering supply chain, manufacturer and
suppliers need to work as design partners, however their design and manufacturing
systems are frequently incompatible. This introduces very significant time and cost
penalties as they attempt to share design information.” Moreover, the large amount of
data generated by the various CAD tools was often not centrally organised and

therefore inaccessible to others. As a consequence, additional costs for new product
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developments were inevitable without the usage of existing designed parts and data

which can reduce the development time.

Realising this problem and the associated business opportunities, several software
companies started in the mid 1980s to develop Product Data Management (PDM)
systems (Philpotts 1996) that initially provided vaulting and file management
capabilities for engineering documents like 2D CAD drawings. Prior to PDM, it was
also known under several names such as Technical Information Management (TIM),
Engineering Document Management (EDM), Product Information Management (PIM)
and Engineering Data Management (EDM) (Philpotts 1996).

In the late 1980s and early 1990s engineering change management to control and track
the changes made to engineering data was added to the functionality together with
configuration and classification management capabilities. As a result of 3D CAD
systems and teamwork approaches entering the market PDM systems started to support
the management of complex relationships between parts, assemblies, drawings,
metadata, people and groups of people. In the mid 1990s many PDM vendors switched
their operating system from UNIX to Windows based and moreover various
improvements in the user interfaces were made. This was followed by the additional
capability of workflow management. Despite all the different terms used to represent
PDM, they all share a common definition which “concerns the management of data
across the product life cycle of a product; that is from its inception, development, test,
and manufacture, through its ultimate demise, and ensure product data accessible to the
right parties at the right time in order to support all business processes”, (McIntosh
1995; CIMdata 1997; Burdick 1998; Goossenaerts and Pels 1998; Sackett ef al. 1998).

2.3.2 PDM to PLM

In the late 1990’s, there was a shift of focus in PDM technology, rather than on
individual companies, the capabilities of PDM was enhanced into the supply chain
areas, and was known as Collaborative Product Data Management (cPDM) and
Collaborative Product Commerce (CPC) (Burdick, 1998), although, PDM was still the
common name being used in industry and academia. Later, a new generation of
software, Product Lifecycle Management (PLM) system has evolved from the PDM

system.
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A PLM system can be described as an enterprise-wide Information Technology (IT),
“an infrastructure to support management of product definition throughout its complete
lifecycle from initial concept to product obsolescence” (Portella 2000). Including
workflow management, PLM systems, as a single source of product information,
ensure that up-to-date information are available and accessible for the right people in
the right format at the right time. It is also viewed as “an effective tool in managing the
product definition supply chain by serving as an informational bridge connecting
OEMs, partners, subcontractors, vendors, consultants and customers” (Miller 2003).
To cope with the industry as well as social trends described above and to gain
competitive advantage a new integrated approach for developing products with respect
to the whole product lifecycle has to be taken. Integration has to take place internally
(between different departments) as well as externally (i.e. with suppliers and
customers). With the advances in user interfaces and databases, viewing as well as the
Internet technology the technological prerequisites were provided to share data more
easily. Providing integrated visualisation and Digital Mock-Up (DMU) Tools, PLM
systems make it possible to view and mark-up native CAD data without the need for
having access to the native CAD system. The Internet serves as a highly effective
platform to communicate product data information far beyond the engineering

organisation.

The introduction of a PLM system by itself, however, hardly initiates the changes that
are required to improve the product development process. It is therefore important to
recognise that “PLM is not a tool to improve the product development process but a
tool to support an improved product development process. Before it can work to its full
potential there must be changes in organisational processes as well as in the

organisational culture (Stark 2004).”

The importance of the product development process, especially for manufacturing
companies has been widely discussed (Smith and Reinertsen 1995; Paashuis 1997;
Pawar and Sharifi 2000). PLM, especially CPC systems, as relatively new IT
infrastructure to support an improved product development process are currently
intensively discussed, especially among Research Firms (like the Aberdeen Group,
AMR Research, Forrester Research and Burdick 1998) as an opportunity for

manufacturing companies for major improvement and competitive advantage.
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2.3.3 Issues of Implementing PLM Solutions in Collaboration and
Sharing Organisational Knowledge

The organisational and cultural implications of implementing inter-organisational
integration and collaboration via a PLM solution in sharing knowledge and data is
emphasised by some researchers in this field. For example, Garetti et al. (2005) state
that “There are a number of organisational and cultural obstacles to overcome to
implement collaboration and sharing knowledge and information in PLM, one typical
issue is people often resist new procedures”. Similarly, Miller (2003) states that,
“sharing data, knowledge or handing off ownership of data to others as the project
moves through various phases of the product development is a potential cause for
conflicts. Moreover, departments or groups that previously operated autonomously
may resent having to co-ordinate their activities with others and that work styles and
customs may vary between companies located in different areas around the world”.
Bourke (2001) in the same context emphasises, that collaborative product design
especially implies the need for a high degree of openness and trust for best results,
addressing cultural problems may be as important, or more important, than technical

solutions.

2.3.4 The Journey of MRP to ERP

There were claims in the 1980s (Porter 1985) and early 1990s (Earl 1990) that
Information Communication Technology (ICT) would change the way people and
organisations conduct business. This has been proven to be the case as Jarvinen (1991)
made the introduction of several information systems possible and necessary for doing
business. In the history of the evolution and development of ERP systems, Material
Requirements Planning (MRP) systems grew to Manufacturing Resource Planning
(MRPII) systems (Chung and Snyder 1999, 2000) and these systems later evolved to
Enterprise Resource Planning (ERP) systems.

MRP was developed in the early 1960s as the computerised approach to the planning
of materials acquisition and production (Plossl 1995), for determining and planning
material requirements for production, calculating and monitoring the materials and the
time required to translate sales orders into finished products, detailing when individual

items needed to be purchased. Later, MRP systems expanded into two further
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categories of supporting financial function which included transaction processing,
purchase and inventory. A second function was to support operational decision making
which included rough-cut capacity planning (RCCP), capacity requirements planning
(CRP) and shop floor control. Further evolvement of MRP through priority planning to
closed-loop MRP as new tools, including production planning, master scheduling,
capacity requirements planning and the ability to execute materials and capacity plans
were developed and integrated. This formed the basis for the next evolution to
m'anufacturing resource planning (MRPII) in the 1980s (Kessler 1991) allowing
manufacturing companies to optimise materials, procurement and manufacturing

processes, and providing financial planning reports (Richardson 1988).

Significant productivity gains were possible by managing all production resources
and not just materials (Goddard 1985). Leading edge technologies were integrated,
including barcodes and radio frequency (RF) terminals to improve the capture,
quality, accuracy and feedback of information and links with external databases and
CAD were mooted to improve responsiveness of MRPII system models amid
criticisms of inflexibility (Krepchin 1986). Key drivers for effective use in
maintaining competitiveness in global markets were developed, including quality
management, high data integrity, planning and control, flexible production and
teamwork (Luscombe 1993), driven by philosophies such as total quality
management (TQM) and concurrent engineering (CE). These formed the basis for
the next evolution in manufacturing planning systems known as nowadays,

Enterprise Resource Planning (ERP).

ERP systems are highly integrated software packages (Holland et al. 1999) that can be
customised to cater for the specific needs of an organisation (Boudreau and Robey
2000; Esteves and Pastor 2001). Additional tools and applications to encompass the
whole of the business operations of an organisation, including reporting and analysis,
human resources, forecasting, quality control, customer relations management (CRM),
advanced planning and scheduling (APS), monitoring and finance became integrated
(Puchalski 1997). The ERP paradigm signifies the convergence of technology and

system architecture (client/server) with the integration of software functionality for all
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departments and operations in the business enterprise, developed around growth

technologies like the Internet to broaden the scope into the supply chain.

2.4 AGGREGATE PROCESS PLANNING CONCEPT

Aggregate Process Planning is a methodology, developed at the University of Durham,
for the selection of the most appropriate processes and resources and the automatic
creation of “rough-cut” processing information from early feature-based product
models (Maropbulos et al. 1998; Yao et al. 1998). The purpose of Aggregate Process
Planning is to allow alternative process plans (or routings) for custom parts to be
generated, evaluated and improved based on estimated manufacturability before

committing to a fully-specified product model and supplier.

Yao et al. (1998) and Maropoulos ef al. (1998); (2000a and b) developed the
CAPABLE aggregate process planning tool-kit for integrated product development
and CAPABLE/Welding that can be used to evaluate the design of sheet metal
fabrication at the early stages. Bramall ef al. (2001a and b) developed a Knowledge-
Enriched CAPABLE Aggregate Process Planning system for the aerospace
applications by capture and representation of product and process knowledge during
aggregate planning and subsequently prioritising knowledge using the theory of
Capability Analysis (Baker and Maropoulos 1998; Bramall ef al. 2002) to produce a

realistic process plan as shown in Figure 2.1.

CAPABLE/space is a software implementation of Knowledge-Enriched Aggregate
Process Planning which utilises intelligent planning algorithms to automatically
explore process and resource alternatives from the enterprise model, seeking a process
plan which results in near-optimal manufacturability and interaction as determined by
quality, cost, delivery and knowledge (QCD+K) criteria. Figure 2.1 presents the
software modules and interaction required to implement the specified functionality,
namely:

a) Modelling of products, process and resources for the enterprise.

b) Intelligently optimising the selection of processes and resources for a given

product.
¢) Representing the manufacturing implications of knowledge related to products,

processes and resources.
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the resource information necessary to support the process model. The type of
information required includes: operating parameters, statistical process control data

and financial information.

2.4.4 The Aggregate Assembly Process Planning

Betteridge (2000) developed an Aggregate Process Planning for assembly. This
research is to derive a methodology to aid the generation of optimal assembly planning
process during the early design stage for a given product. Laguda (2002) further
developed this work by identifying the best possible approach to developing and
building a product or part, with the ultimate aim of reducing assembly times and

assembly cost of the part based on available resources, the system is named
CAPABLEAssembly.

2.5 KNOWLEDGE MANAGEMENT

The arrival of the information society and the move towards the knowledge-based
economy highlighted the importance of knowledge and the needs to manage
knowledge resources including skills and competencies. Knowledge Management
(KM) brings a new dimension by focusing on people and enhances their capability by
improving communication, information transfer and collaboration (Al-Hawamdeh
2002). The term KM is well documented in the business literature initiatives
(Davenport and Prusak, 1998). What is actually entailed in these initiatives remains
ambiguous because there are many interpretations of knowledge management. A
review by Hlupic et al. (2002) has identified 18 different definitions of KM. Many
attempts have been made to define KM from a theoretical perspective (Choo 2006;
Srikantaiah and Koenig 1999; Oluic-Vukovic 2001) and to identify the various types
of organizational knowledge (Nonaka and Takeuchi 1995; Brown and Duguid 1998).

2.5.1 Knowledge and Knowledge Management

Here are a few of the definitions of knowledge and KM. According to Davenport and
Prusak (1998), knowledge is a fluid mix of framed experience, values, contextual
information, and expert insight that provides a framework for evaluating and

incorporating new experiences and information. In organisations, it often becomes
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2.5.2 Research Towards Organisational Knowledge and

Management

Part of the research interest within this work is the application of KM to capture
organisational knowledge. Organizational knowledge is frequently categorized into
typologies, for example, Nonaka and Takeuchi (1995) identify tacit and explicit
knowledge; Choo (2006) sees three different types of knowledge (tacit, explicit, and
cultural); Tacit. knowledge is defined as action-based, entrenched in practice, and
therefore cannot be easily explained or described, but is considered to be the
fundamental type of knowledge on which organisational knowledge is built (Nonaka
and Takeuchi, 1995; Choo 2006). Explicit knowledge, unlike tacit knowledge, is
defined as knowledge that can be codified and therefore more easily communicated
and shared. On the other hand, Choo states that “Cultural knowledge is defined as the
shared assumptions and beliefs about an organisation’s goals, capabilities, customers
and competitors. These beliefs are used to assign value and significance to new
information”. KM writers view explicit knowledge as structured and conscious and

therefore it can be stored in information technology (Martensson 2000).

By definition (Wikipedia 2006) “Tacit knowledge is knowledge that people carry in
their minds and is, therefore, difficult to access. Often, people are not aware of the
knowledge they possess or how it can be valuable to others. Tacit knowledge is
considered more valuable because it provides context for people, places, ideas, and
experiences.” Organisational knowledge is being adopted as part of the work in this
research in particularly modelling tacit knowledge or ‘4now-how’. According to ITAG
1999, ‘know-how’ which refers to skills and capabilities is, for example, the ability to
use a particular machine or skills gained through practice and experience. In industry,
‘know-how’ is often used interchangeably with the term knowledge management from

design to manufacturing, whether its context is described explicitly or implicitly.

2.5.3 Converting Tacit and Explicit Knowledge

Attempts to define KM processes are numerous. Nonaka and Takeuchi (1995)
described four knowledge conversion processes: socialization, externalization,

combination, and internalization. Each process involves converting one form of
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Apart from Bouthillier and Shearer (2002), none of these models are broad enough to
allow for a complete analysis of organizational knowledge flow, omitting several
important steps in the knowledge chain, such as acquiring and storing knowledge. One
of the main objectives of the work in this research is to be able to store and reuse
manufacturing knowledge to support the product development processes. Thus, the
understanding and background of the above KM techniques and reviews provide the

foundation to achieve this.

2.6 INTRODUCTION OF ONTOLOGICAL APPROACH IN
KNOWLEDGE MANAGEMENT

There has been significant amount of research in the field of knowledge capture,
sharing and re-use to support the product development process within a global business
enterprise. The techniques developed for these can be categorised into; rule-based
systems, case-based systems, model-based reasoning, neural-nets, fuzzy logic, decision
trées (Turban and Aronson 2000) and ontologies (Hausser 2000). Ontologies are
increasingly becoming important in the fields of intelligent searching on the web,
knowledge sharing and reuse, and knowledge management. In information technology,
an ontology is the working model of entities and interactions in some particular
domain of knowledge or practices, such as electronic commerce or the activity of
planning (Davies et al. 2002). In Artificial Intelligence (Al), according to researchers
at Stanford University, ontologies can be used to express “a set of concepts such as
things, events and relations that are specified in some way in order to create an agreed
vocabulary for exchanging information, in particular over the World-Wide-Web
(WWW)”  (http://www.w3schools.com). Apart from providing a common
understanding, Valarakos et al. (2004) also state that ontologies can be used to
facilitate dissemination and reuse of information and knowledge. The main
technologies used to derive an ontology are the Process Specification Language (PSL)
(Schlenoff et al. 2000) and Web-based technologies. The standards of Web-based
technologies are eXtensible Markup Language (XML), Resource Description
Framework (RDF), Web Ontology Language (OWL) (http://www.w3.org) and XML
Metadata Interchange Format (XMI) (http://www.omg.org).
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Ontologies have been used to share and reuse knowledge and information,
predominately in the medical informatics field. The main reason ontologies have
become so popular is the fact that they provide a shared and common understanding of
a domain that can be communicated between people and application systems (Davies
et al. 2002). Lately, there have been an increasing number of research projects
applying ontological techniques in the context of product development (Moore ez al.
1999; Duineveld et al. 2000; Roche 2000; Ciocoiu et al. 2001 and Lin and Harding
2003).

2.6.1 Ontology-Based Applications

There is an increasing volume of research in ontology-based applications of
knowledge management and information sharing and retrieval. The list of applications
presented here is not exhaustive, but, it highlights some of the more interesting work

from different areas of the ontology based research and development community.

An Intelligent Brokering Service for Knowledge-Component Reuse on the WWW
(IBROW3 2004) is an ontological-based knowledge system. The objective of
IBROW3 is to develop intelligent brokers that are able to configure reusable
components into workable knowledge systems through the WWW. In the knowledge
engineering discipline, the On-To-Knowledge (OTK 2004) project has developed
practical methods and tools, based on an ontological approach, to facilitate knowledge
management as a means to share and reuse knowledge. The OTK tools help
knowledge workers, who are not IT specialists, to access company-wide information
repositories in an efficient, natural and intuitive way. The OTK project applies
ontologies to electronically available information to improve the quality of knowledge

management in large and distributed organisations.

“Production d'Interfaces a4 base de Connaissances pour des Services En Ligne”
(PICSEL) (Goasdoue 1999) is an information integration system for knowledge
sources that are distributed and possibly heterogeneous. The approach taken was to
define an information server as a knowledge-based mediator between users and
existing information sources relative to a single application domain. OntoBroker
(2004) is a reasoning engine with semantic information integration capabilities from

Ontoprise GmbH (www.ontoprise.com, Germany). Data integration is done via several
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connectors, import and export formats and built-in functions, for example, importing
data schemas from existing databases, mapping to ontologies and connecting to search
engines and applications. SemanticMiner (Moench 2003; Moench et al. 2003;
SemanticMiner. 2004) is a knowledge retrieval platform that combines semantic
technologies with conventional retrieval approaches. It is designed as client-server
architecture and provides information retrieval from various data sources. The
SémanticMiner—Server, which is a specialized OntoBroker-system, provides the
interface to the data sources as well as an inference engine to retrieve implicit

knowledge.

The above research provided the foundations of the work to be described in Chapter 6,
in particular, the application of the ontological approach to capture manufacturing
knowledge, share and reuse it in the WWW (World Wide Web) which has been
developed in a manufacturing context. This research was focused on creating a single
knowledge domain for manufacturing similar to Goasdoue ’s approach, The method of
sharing knowledge in this work, however, is to make use of existing technology such
as Product Lifecycle Management which allows the same information to be shared
heterogeneously within a collaborative and distributed secure environment. Another
aspect of this work described is the adoption of the approach similar to Moench’s work
which enables users to retrieve knowledge for various applications. The method of
knowledge retrieval however, is to make use the application of XML Parser
technology which enables the XML-formatted knowledge to be shared by other third
party applications. Therefore, the main objective of this part of the research was to
exploit the benefits of a single manufacturing knowledge repository with a standard
data format for use by multiple, distributed collaborative systems to support the

product development process.

2.7 APPLICATION OF WEB-BASED TECHNOLOGIES

2.7.1 RDF and XML

Resource Descfiption Framework (RDF) (W3C, 1999) is a foundation for processing
metadata; it provides interoperability between applications that exchange machine-
understandable information on the Web. RDF emphasizes facilities to enable
automated processing of Web resources. RDF can be used in a variety of application

areas; for example: in resource discovery to provide better search engine capabilities,
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in cataloguing for describing the content and content relationships available at a
particular Website, page, or digital library, by intelligent software agents to facilitate
knowledge sharing and exchange. RDF with digital signatures will be key to building

the “Web of Trust” for electronic commerce, collaboration, and other applications.

One of the goals of RDF is to make it possible to specify semantics for data based on
XML in a standardised, interoperable manner. RDF and XML are complementary:
RDF is a model of metadata and only addresses by reference many of the encoding
issues that transportation and file storage require (such as internationalisation,
character sets, etc.). For these issues, RDF relies on the support of XML. It is also
important to acknowledge that, currently, XML syntax is the only possible syntax to
support and represent RDF.

As a result of many communities coming together and agreeing on basic principles of
metadata representation and transport, RDF has drawn influence from several different
sources. The main influences have come from the Web standardisation community
itself in the form of HTML metadata and Platform for Internet Content Selection
(PICS), the library community, the structured document community in the form of
Standard Generalized Markup Language (SGML) and more importantly XML, and

also the knowledge representation (KR) community.

There are also other areas of technology that contributed to the RDF design; these
include object-oriented programming and modelling languages, as well as databases.
While RDF draws from the KR community, readers familiar with that field are
cautioned that RDF does not specify a mechanism for reasoning. RDF can be
characterized as a simple frame system. A reasoning mechanism could be built on

top of this frame system.

2.8 INTEGRATION OF APPLICATIONS

2.8.1 Introduction of Application Integration

Integration of applications, information, and business processes have become today's
first priority investment of Information and Communication Technologies (ICT)
(Linthicum 2003). “As enterprises shift their focus beyond mere application integration

to getting processes to work and play well together, they need specialists who can see
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the big picture to assure they get things right”, says IBM’s Douglas W. Allen.
However, Linthicum has identified that over 90 per cent of total software lifecycle cost
is in maintenance and integration. Despite the cost, integration is an important issue of
aligning business requirements to reduce risk and maximize return on investment
(ROI) (Gold-Bernstein and Ruh 2004).

2.8.2 Integration Paradigms

Due to rapid advances in ICT, new paradigms have been proposed to support
distributed production network environments. Among these are: Virtual Enterprise
(Ettighoffer 1992) Distributed and Re-configurable Enterprise (Gunasekaran 1998)
and, most recently, Cloutier ef al (2001) introduced Networked Manufacturing Co-
ordination and Vernadat, (2002) on Enterprise Integration architecture. All these
parédigms have one thing in common; they all require highly trained and sophisticated
skills to customize and integrate with other systems. Customization is often required to
modify the software to suit the environmental needs. This may cause the system to be
more unstable and difficult to maintain when it finally comes online. In addition,
organizations need to become expert in the art of integration in order to meet their

business needs and compete effectively.

With the maturity of Web-based technologies and the availability of ‘off-the-shelf’
enterprise systems, this research has proposed a different approach: to deploy an
‘out-of-box’ solution for the integration of disparate software systems. The term
‘out-of-box’ means a solution is ready to be implemented without the needs of
further customization of the software. The advantages of this approach are rapidly
reconfigurable collaboration networks and minimal requirements for system

customization, thus avoiding instability that might result.

2.9 APPLICATIONS OF WORKFLOW TECHNOLOGY

2.9.1 Background and Applications of Workflows

Workflow management theory dates back to the late 1980s when diagrammatic
process representation began to be used in a few pioneering organisations to support
basic business processes (Beizer 2002). Plesums (2002) states that “workflow is the

automation of internal business processes or operations, in whole or part, during which
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documents, information or tasks are passed from one participant to another for action

and tracking its progress according to a set of procedural rules.”

Extensive literature reviews have shown that the majority of applications utilising
workflow analysis techniques are mainly centred around providing computer support
for an organisation’s business processes (Sayal et al. 2001; Moore and Graham 2002).
Such business processes include customer order processing, product support in
marketing, stock taking and processing. However, little work has been done in
applying the techniques enterprise wide in particular to support the design and
manufacture and product development process which would benefit from these tools.
Although research has been carried out on cooperating workflow and Web-based
technologies, the scope of the applications are narrowly focused and limited to
business processes. For instance, Abecker et al. (2000) demonstrated two approaches
to utilizing Web-based technologies and workflow techniques. The VirtualOffice
scenario emphasized the use of workflow context information for improved document
analysis and information extraction. The KnowMore approach supports a person
working on some knowledge-intensive task by actively delivering context-sensitive
aﬁd relevant information. Sayal, et al. (2001), describe how workflow technology and
Business-to-Business (B2B) Standards such as RosettaNet, Common Business Library
(CBL), Electronic Data Interchange (EDI), Open Buying on the Internet (OBI), and
commerce eXtensible Markup Language (¢XML) can be extended in order to support
B2B interactions and to link them with the internal workflows. Cheung et al. (2003)
examined the requirements of extending a workflow to the provision of e-services to
fulfil predefined business processes and data requirements. The work proposed by Liu
and Shen (2003) is based on a process-view coordination model that can be extended

to effectively address the issues of managing B2B workflows.

2.9.2 Workflow Methodology

Workflow is a methodology for modelling analysis, assessment and reorganisation of
working processes taking place within an organisation which involves the coordination
and collaboration of different individuals as represented in Figure 2.6. The basic idea
of Workflow is to describe the work and the activities taking place in an organisation
as a business process, namely a “structured measured set of activities designed to

produce a specified output for a particular customer or market” (Davenport 1993).
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bring this collaboration and co-operation into effect by automatically routing the

medical information needed by authorised actors in a healthcare process.

Tunnicliffe and Maropoulos (2003) implemented a Cost Data Warehouse (CDW)
strategy to share global cost reduction data for an automotive manufacturer. CDW
allows cost reduction ideas to be effectively communicated and managed across
departments such as design, purchasing and parts suppliers on a European and global
scale to continually reduce the cost of manufacture throughout the vehicle life cycle.
The system utilizes Web-based technologies, business process re-engineering
techniques and links to a mainframe system, which contains product design data of
live part numbers to allow users to deal with the issues in real-time. Huang et al.
(2000) proposed to use workflow management as a mechanism to facilitate
teamwork in a collaborative product development environment where Web-based
Decision Support Systems are extensively used by geographically distributed team
members. The concept used is workflow management supported by agent technology
to prevent inconsistency and reduce redundant project activities. It can improve
coordination and interaction of the engineers who work remotely in different

locations.

Chung et al. (2003) investigated the use of ontologies, agents and knowledge-based
planning techniques to provide support for adaptive workflow and flexible workflow
management, especially in the area of new product development within the chemical
industries. The work in this project uses a Task Based Process Management (TBPM)
workflow engine, the Task Manager, to support heterogeneous agents (humans and
software agents) in working together to achieve their tasks. The Task Manager
includes a process modelling tool and an interactive process planner. The planner uses
artificial intelligence techniques to assist in the planning of tasks, while permitting the
user to participate in planning decisions. An agent-based architecture supports the
execution and coordination of the planning process among multiple participants
distributed across a computer network. TBPM also provides a process management
framework that integrates with specialist third-party software systems such as

simulation and analysis tools which are essential in chemical engineering.

None of the systems described, however, are currently exploited in the area of utilizing

advanced tools such as a web-centric PDM system, which provides an easier and faster
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implementation of workflow modelling. PDM systems offer a Workflow function
which enables the user to create a pattern of ‘automation’ to assign alternative tasks
and eventful sequences as dictated by a company’s operational procedures. Most of all,
the workflow function can be used to define and implement time-dependencies of

activities within a distributed team to support collaborative product development.

2.10 PEER-TO-PEER TECHNOLOGY IN COLLABORATIVE
PRODUCT DEVELOPMENT

2.10.1 Principle of P2P

P2P is not a new concept in the networking world, but its application to the internet is a
fairly recent development. P2P applications address the needs of de-centralised
organisations to collaborate and share knowledge and files regardless of geographical
location (Bond 2001). The principle of P2P has been around for a long time, and is
today implemented in a number of applications such as instant messaging and file-

sharing (www.GNUtela.com).

There are already a number of P2P PDM in existence, primarily aimed at the lower end
of the market. The two applications are AutoManager workflow from Cyco
(www.cyco.com) and Columbus from Oasys Software (http://www.oasys-
software.com/). The latter is available for free, and aimed at AutoCAD users within the
construction sector. There is no workflow or process management implemented and,
aécess control is via the standard operating system access control functions. As an
example of what can be achieved, Alibre is a P2P CAD/PDM and collaboration tool in

one. It uses the STEP standard and combines low cost and fast configuration.

The advantages offered by P2P applications are (Bond 2001; Penserin ef al. 2003):

» No single point of failure, the network is alive as long as one peer is on-line

o Distributed sharing of bandwidth, storage and processing power, so the system
becomes more powerful as more users attach

o Lower running cost due to the lack of servers or high bandwidth central nodes,
as well as

e Maintaining individual control of the shared knowledge.
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P2P groups can be used to create profiles of the peer. These profiles can be used within
the network to search for and assess people’s competences, interests, and memberships
of trusted groups, and can aid in the construction of new relationships based on
commonalities and third party assessments. There have been a number of issues that
reduce the performance of the system when using a pure P2P architecture. The lack of
indexing and routing services in P2P degrades the peer discovery and query functions
(Penserin et al. 2003). In order to leverage the advantages of client/server systems with
thé independence and interoperability of P2P systems a hybrid system where “super
peers” act as peers to the extended P2P network and as a server to the enterprise’s
internal peer network is used. In addition, rendezvous peers can be assigned to manage
some of the peer information assigned to particular peer nets or projects. These hybrid

systems have the best potential for high-performance de-centralised services.
2.10.2 Application of P2P Technology

The application of P2P technology in industry is still in its infancy. However, there is
an increasing volume of research in P2P-based applications to address information
sharing in different industries. The list of applications presented here highlights some
of the more interesting work from different areas of the P2P based research and

development community.

SwinDew, (Yan et al. 2003) combined the concepts of workflow and P2P to present an
innovative decentralised architecture. The approach enables team members to be
supported with coordination by direct communication among peers, which is claimed,
to enhance the effectiveness of distributed applications. SWAP, (Ehrig et al. 2003) is
another project which combines two highly successful technologies; semantic web and
P2P computing to address sharing knowledge between organisations in a decentralised
network. The approach allows each company to maintain their knowledge structure
while exchanging information, which cannot be achieved through a centralised
network. The SATINE project (Satine Consortium, 2003), provides a component to
wrap existing information resources to make them appear as semantically well
described Web Services. SATINE provides an easy to use tool for Small and Medium-
Sized Enterprises in tourism industry to easily create Web Services from their existing

enterprise applications. The wrapped resources will be able to exchange information
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with other Web Services on a Peer-to-Peer node (Bond, 2001). However, all the
projects do not directly address the issues related to the collaborations of SMEs and
OEMs in product development, in particular there is no research activity targeted at
finding new ways for individuals to communicate with others via the Internet using the
P2P approaches which would have a significant impact in the product development

processes.
2.11 SUMMARY

Setting the scene for a chapter that reviews important concepts and technologies in
collaborative manufacturing, requires a variety of topics to be introduced. The
selection of these topics has been quite diverse and complicated due to the broad area
of research. This chapter has presented the background and the importance of key
elements to support an enterprise-wide approach in collaborative product developing
environments. Among the research reported in Section 2.1, Huang et al. (2000),
(2001), (2002) and Li et al. (2004a), (2004b) are the main authors who are focused on

research in collaborative product development.

The existing system CAPABLE, shows a great deal of potential to examine
preliminary process planning configurations in early product design and development
stages. The applications of knowledge management in organisations have highlighted
the importance of knowledge and the need to manage knowledge resources including
skills and compétencics. However, the lack of trust and cultural implications to sharing
knowledge are still the main issues facing industry to apply KM. The approaches of
using ontologies in organisational knowledge are relatively new in product
development and, it has indicated a great deal of benefits. A commercial software
system using ontology techniques to manage organisational knowledge in product
development is not available at present. However, the application of an ‘out-of-box’
solution for the integration of disparate technologies will be the key business benefit
for rapidly reconfigurable network and minimal requirements for software

customization to avoid systems instability.

The maturity of Web-based data formats is becoming more apparent, for example,
XMI, RDF, and XML are the standards this research work has adapted. The

application of enterprise systems is not just a system, it is a complete strategy to
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provide effective and reliable information flows to internal as well as external areas of
the company. The introduction of such technology, nevertheless still needs the support

and involvement of top management.

The increasing influence of networking environments and the growing concerns of
smaller companies to collaborate with large companies have motivated the
introduction of the Peer-to-Peer technology. The application of Peer-to-Peer
technology is to demonstrate the advantages of using a de-centralised production

network configuration.

Finally, this chapter has described the background of similar research and the key
elements of the technologies. In the next section, Chapter 3 will look at the assessment
of an industrial survey and the enterprise integration system which is the main
component to create the product development integration architecture to address a

distributed and collaborative product development.
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INDUSTRIAL
SURVEY

3.1 INTRODUCTION

This chapter examines the role of the PDM technology, in particular the impact of
PDM on industry. In addition, this chapter will present the results of the industrial
survey. The survey was designed to measure how industrial companies have
implemented PDM and what they felt the benefits of implementing PDM technology
were. The main application of the enterprise integration system in this research work
is to form an integration architecture with other third-party software systems to
evaluate product manufacturability and bridge the discontinuity of early design

Processes.

3.2 WHAT IS PLM/PDM?

PDM systems are about managing product information, throughout the entire lifecycle
of a product, in a more efficient, organized way (Little and Lee 1999; CIMDATA
2001; Liu and Xu 2001). A PDM system is used to store and process product design
data related to its products, and manage the life cycle of those products. It provides the
mechanism to capture and enforce the specific product development process
consistently according to the way in which a company does business. The goal is to
provide a much richer feature set and knowledge base to an even larger community of

users, whether they work in a manufacturer’s engineering centre, at an overseas
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subsidiary, at a supplier or other business partner. The challenge is to maximize the
time-to-market benefits of concurrent engineering while maintaining control of data

and distributing it automatically to the people who need it, when they need it.

The theoretical evolution of PLM has been described in the literature review. PLM can
be classified as the offspring of PDM technology. However, PLM technology has
transformed info individual modules that serve the needs of different parts of the
product development processes in its entire product life cycle, from conceptual design
to manufacturing, customer delivery, maintenance and disposal. Burkett et al. (2002
and 2003) reported that PLM consists of different software modules to support five

core areas, these are:

¢ Product Data Management (PDM)-Product information repository

o Collaborative Product Development (CPD)-Design of products and processes

e Direct Materials Sourcing (DMS)-Sourcing of standard or custom parts and
materials

o Customer Needs Management (CNM)-Managing customer or market input

e Product Portfolio Management (PPM)-Managing resources in product
development

A more comprehensive description of each of the core areas is shown in Appendix A.

3.2.1 The Benefits of Using PDM

PDM provides benefits across every area of product design and development.
Organisations can gain an advantage through using this technology. PDM systems and
methods provide a structure in which all the different types of information used to
define, manufacture, and support products are stored, managed, and controlled.
Typically, PDM is used to work with database records, electronic documents, and
digital files (Philpotts, 1996). These may include:
(a) Database Records

¢ Product configurations

¢ Part definitions and other design data

o CAD drawings

o Geometric models

o Product Specifications
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(b) Electronic Documents
o Engineering analysis models and results
e Manufacturing process plans and routings
o Images (scanned drawings, photographs, etc.)
o Software components of products
e NC part programs
(c) Digital Files
o FElectronically stored documents, notes, and correspondence
e Hardcopy (paper-based and microfilm) documents (by reference)
o Project plans

e Audio and live video annotations

According to Little and Lee (1999), in the UK, PDM technology is used by 50% of the
aerospace companies, 35% of the automotive industry and 15% of smaller high-tech,
high growth manufacturers. The main usages of PDM in industry according to Hall
(2000) are 89% for CAD management, 17% for documentation and spreadsheets and
49% in bill of materials (BoM), specification management and configuration
management. Since these comparisons were obtained several years ago, the PDM
technology has evolved to the current PLM solutions, and the technology covers an
even wider area from the original product data solutions to customer relation and
supply chain management. Thus, this indicates that the technology has improved and,
is moving towards a global collaborative level - a technology that must be adapted if a

company is seeking to enhance their competitiveness in the global market.

3.2.2 Commercial PDM Functionality Overview

Figure 3.1 illustrates the core functionalities of the PDM technology. PDM was first
introduced in the early 1980’s; the systems were developed based on a set of functions
that included user, utility and electronic vault (Philpotts, 1996). Since the emergence of
Internet technology in the mid 1990’s, the concept of PDM technology has evolved
and encompasses Web-based collaborative and e-Integration functionalities (CIMdata,
2001). Details of a more comprehensive description of each individual function are
available in Appendix B. An evaluation of the functionalities of various commercial

PDM systems is shown in Appendix C.
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€) Run a pilot survey.
f) Conduct the main survey.

g) Analyse the data.

a) To define the aims of the survey.

According to Burgess (2001), the initial task is to review the relevant literature of

the target subjects. In this survey the target subject is to review the PDM systems

as shown in Appendix C. This technology literature review will help the
understanding of the PDM functionalities which will partially affect the design of
the questionnaire. For example:

 In the Utility Function, there are two functions namely engineer-to-order and
design-to-order which formed the bases of Question 1.

¢ In the User Environment, this will determine how PDM can be used along with
other computerised applications as shown in Question 3.

o In the User Function, a PDM system can determine how product related data
can be used within the product development processes, thus, the focused of
Question § is being used to assess this situation.

The aim of the study was to investigate how companies dealt with the

implementation of PDM. The number of companies surveyed was over seventy,

although about twenty-six of them responded (Appendix D). The types of
companies ranged from SME:s to large organisations, representing a cross-section
of industries in aerospace, defence technology solutions, mining machinery
manufacture, medical and pharmaceutical industries. The Department of Trade &
Industry (DTI) classification of company size was used i.e. small firms (1 — 49

employees), medium firms (50 — 249 employees) to large firms (over 250).

b) Identify the target population.

The target pbpulation of this PDM survey was focused from the South and West of
Yorkshire to the Northeast of England. The survey was carried out with the
assistance of two members from the Agility Group (2004), at the University of
Durham. The population of survey targets was selected mainly through the
contacts of the Agility Group (Agility Group 2004) and the Applegate register
(Applegate Directory 2002). The list of respondent companies is shown in
Appendix D.

46



REVIEW OF PRODUCT DATA MANAGEMENT SYSTEMS AND INDUSTRIAL SURVEY - Chapter 3

¢) Choose the survey method.
There are different methods in surveying for a research. According to Oppenheim
(1992) and Burgess (2001), the list of methods is face to face interviews, telephone
survey, mail survey, email survey and web page survey. The email survey was
chosen in the research. The reason behind this choice is based on two factors:

@) The speed of response and,

(i)  Practically no cost involved.

d) Create the questionnaires

The questionnaires used for the surveys are shown in Table 3.1. The questionnaires
were created based on brain storming sections with assistance from the Agility
Group (Agility Group 2004). Apart from the considerations of the PDM
commercial systems review. Questions 1 to 3 are relevant to the general
applications of a company’s computerised information systems in manufacturing,
design, quality control and best practices. Several factors help to define the first
three questions, these include the considerations of new product development time,
production lead time, flexibility in responding to changes in demand volume and
variety, quality and responsiveness to customer delivery requirements. Questions 4
to 9 are focused on surveying “why” and “what” are the benefits and disadvantages
of implementing a PDM system to support their product development processes.
The main factors which help to define the questions are the benefits,
implementation and integration issues with their development processes in PDM

technology.
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Questions Select Relevant Application(s)

1 What is the a) Make to order (high variability, low volume and low inventory)
company’s b) Assemble to order (high variability, low volume and medium
Production System | inventory)

c) Make to stock (low variability, medium volume and high
inventory)
d) Others, please specify

2 What is the a) Manual
company’s b) Finite Scheduling Tools
Manufacturing ¢) JIT (Just In Time) / Kanban
Control System d) MRP / MRPII

¢) ERP - Enterprise Resource Planning
f) OPT - Optimised Production Technology
g) Others, please specify

3 What are the a) CAD/CAE/CAM
computerised b) MRP / MRPII
applications used ¢) CNC / DNC Machines
in the company d) Quality Assurance System

¢€) Product Data Management

f) Finite Scheduler

g) Electronic Document Management
h) Electronic Data Interchange (EDI)
i) Project Management

j) Workflow Management

k) Others, please specify

4 Who is your PDM | Please Specify
provider?

5 In what a) Improved Product Development
circumstances did b) Examples of successful companies from similar industry
the company c) Increased sales
considered ¢) Others, please specify
investing the PDM
system

6 What is / are the a) To control part proliferation and establish standards
company purposes | b) To manage engineering drawing, search and retrieval
of implementing a | ¢) To control engineering release and change management
PDM system d) To manage product configurations _¢) Others, please specify

7 How long has the a) Less than 6 months  b) 6 - 12 months
PDM system been | ¢) 13 - 24 months d)2 -3 years
in operation ¢) More than 3 years

8 What are the a) Lack of management support
difficulties b) Lack of buy-in
encounters of b) Due to working practice
implementing
PDM?

9 What are the a) Shorter product lead times
benefits gained b) Better quality and control of information
from implementing | c¢) Faster access and retrieval of correct information
PDM d) Better visibility of product development status

¢) Reduced unproductive engineering time
f) Others, please specify

10 | How much impact | a) Considerably
has the system b) Moderately
contributed on the ¢) None
business in terms d) Too soon to comment
of competitive
advantage

Table 3.1: PDM Questionnaire Industrial Survey
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PDM system operating alone is not sufficient to achieve a truly collaborative and
information distributive environment particularly at the early stages of product
development activities as identified in the research hypothesis, and as such this survey
has confirmed a new methodology is needed in order to bridge this discontinuity. The
research will make use of other technologies and software systems to achieve this
objective. This chapter provides the foundation of the PDM system which is the main
element and backbone of the integration. The following chapter will describe the
system overview on the development of the theory along with the implementation of

various software components to form the product development integration architecture.
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4.1 INTRODUCTION

As stated previously in Chapter 1, the main objective of this research is to investigate
methods for the effective management of the internet-based process of communicating
new product requirements and manufacturing performance evaluations. The
investigation is focused on the critical early stages of product development throughout
the product life cycle using PDM and related Web-based technologies. A previous
research project, CAPABLE Space (Bramall 2006) was mainly focused on developing
a standalone experimental system. The approach of this research, however, is to
explore different technologies and software systems to develop a collaborative and

distributed manufacturing knowledge experimental system.

The previous chapters argued for a particular set of methods to be used in a
collaborative product development environment. This chapter presents an overview of
the system requirements and the implementation of the integration architecture and its
associated software systems. The product development integration architecture consists
of two domains namely design and manufacturing, inter-linked with two enterprise
integration systems, ERP and PDM. In terms of the communication protocol, the
integration environment is internet-based and uses the industrial standard data format
XML and the data exchange mechanism XML Parser to support knowledge sharing

and reuse. The approach of this methodology is not just unique, but also demonstrates
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flexibility in deploying current Web-based technologies, software tools and enterprise

integration systems which can provide the foundation of an integration architecture to

meet the demands of Web-based collaboration and distributed environment in a

globally based product development scenario.

4.2

SYSTEM CRITERIA

In order to build a collaborative environment which enables the required product

information to be distributed locally and externally throughout the enterprise to support

product development, the system must fulfil a number of criteria (as illustrated in

Figure 4.1):

1.

Representation of product information from product design, processes and
manufacturing capabilities (the CAPABLE system).

Knowledge-based system is needed to store design and manufacturing
knowledge.

The terms used to represent knowledge must be defined to enable different
personnel from different departments to understand them.

Information must be captured in an industrial standard format such as XML
which can be shared and reused by different applications, for example, product
information which includes design and manufacturing

The application of a Product Lifecycle/Data Management system to support
information sharing.

The application of a process planning system to evaluate design alternatives
which can provide automatic generation of process plans for alternative
designs. Ideally, the system should support both aggregate and detail designs.
The application of an Enterprise Resource Planning system to analyse and
evaluate capacity requirements planning to demonstrate and obtain resource
scheduling

Finally, the development of a centralised client/server product development
integration architecture and a hybrid P2P de-centralised network using open

source technology.
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4. Managing and co-ordinating the use of captured design and manufacturing
knowledge within an enterprise. The captured knowledge can then be
converted into an XML-formatted file and shared within a PDM system to
support fhe product development process.

5. The introduction of an ‘out-of-box’ solution which provides an alternative
framework and deploys this utilising a proprietary PLM system and open
source P2P networking. The term ‘out-of-box’ means a solution is ready to be
implemented without the needs of further customization of the software., The
‘out-of-box’ solution provides the benefits of rapidly reconfigurable network
and minimal requirements for software customization to avoid system

instability.

As the use of PDM systems for product design and development is becoming more
widespread throughout the global manufacturing sector, the application of knowledge
sharing, capturing and reuse using PDM systems is seen as being of primary
importance for the competitiveness of the global enterprise of the future. The key
benefit of adopting such an approach is the closer integration between the activities

taking place during early design.
4.3 IMPLEMENTATION ISSUES

4.3.1 UML and Object-Oriented Techniques for Aggregate
Manufacturing Models

The work of this part of the implementation is to enhance the capability of the
aggregate manufacturing models (the CAPABLE System) in product features,
rﬁanufactuﬁng processes and production resources related to the industrial
collaborators. The Unified Modelling Language (UML) (OMG 2003; Schmuller 1999)
is used to model the structure of the information models together with the Java™
Object Oriented programming language for business logic implementation to create the

prototype system. Details of the implementation are discussed in Chapter 5.

UML provides one consistent language for specifying, visualizing, constructing, and
documenting object-oriented software systems, as well as for business modelling and

has previously been used for enterprise modelling (Dorador and Young, 2000). The
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UML is a holistic approach to systems modelling and includes additional
expressiveness to handle modelling problems that earlier languages did not fully

address.

Object-orientation is a well-established approach to managing complexity in computer
programming. The use of classes in object-oriented programming offers a powerful
Way of representing the physical entities that are being reasoned about, their properties
and the relationships between them. The overarching concept of object-orientation is
that of abstraction, which concerns the level of complexity modelled by the system and
allows the programmer to ignore those aspects of the system which are irrelevant and
concentrate on the important factors. A powerful way of managing abstractions is
through the use of hierarchical classifications. There are three attributes of object-
oriented programming languages and these are:
e Encapsulation - is the mechanism which implements information hiding and
modularity (abstraction).
¢ Inheritance - is the process by which one object acquires the properties of
another object further up the hierarchical classification. New classes and
behaviour based on existing classes to obtain code re-use and code
organisation.
e Polymorphism - is a feature that allows a single interface to be used for a

general class of actions.

Object-oriented programming enables manufacturing models to be constructed in
modular fashion as shown in Figure 4.2(a). Figure 4.2(b) depicts an example of a
superclass ‘Feature’ which consists (inheritance relationship) of two subclasses
namely ‘WeldFeature’ and ‘JointFeature’. Further down the class taxonomy,
‘WeldFeature’ has (association relationship) ‘WeldType’, whereby, ‘Double Bevel’
and ‘Convex’ is_a_kind_of (aggregation relationship) ‘WeldType’. Similarly, ‘Butt’,
‘Lap’ and ‘Edge’ is a_kind of ‘JointFeature’. Each of these may then ‘inherit’
pfoperties from their class, such as the attribute which define the area in the
‘WeldType’ (concept of encapsulation) class and, hence, ‘WeldType’ can use a
specific type of welding to calculate the welding dimension such as the method

provides by the subclass ‘Spot’, WeldDimension ().void. (concept of Polymorphism).
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(a) Object Oriented Programming Theory (b) Implementation

Figure 4.2 Example of Object-Orientated Method in UML Class Modelling

4.3.2 The Organisational Knowledge-Based System

An organisational knowledge-based system for capturing and representing
manufacturing know-how has been developed using an ontological approach. The
important aspects of the implementation are the adoption. of an axiom-controlled
ontology and, the applications of Web-based technology including RDF and agreeable
vocabularies to define the semantics and the meaning of terms. Further particulars of
the implementation to create this ontological’s knowledge system are discussed in
Chapter 6. The captured knowledge is converted into the industry-standard eXtensible
Mark-up Language (XML) and then shared within a web-centric Product Data
Management (PDM) system to support a collaborative and distributed product
development environment which provides the benefit of closer integration between the

activities taking place during early design.

4.3.3 Product Development Integration Architecture

In general, the integration environment can be distinguished into three layers. The first
layer is the enterprise system which incorporates PDM and ERP technologies. The
second layer is the communication and data exchange mechanisms, i.e. other peers,
JuxtaPose (JXTA), client/server and XML Parser. The third layer consists of the

Manufacturing and Design Domains to support product development processes.
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A Peer-to-Peer (P2P), decentralised communication network is used to evaluate how
such a hybrid integration can enhance the integrity of knowledge and data sharing and
the efficiency of network communication for collaboration of smaller companies
within the supply network. JXTA is a proposed method for open source network
connectivity (Cheung et al. 2004; Aziz et al. 2005). The researchers have extended and
further developed the product development integration architecture with a new
framework to explore alternative computing power and network bandwidth in order to
réduce cost as well as providing capabilities to smaller companies for the autonomous
of sharing information with larger co-operations. This new proposal will be discussed

in Chapter 7.

The implementation issues of the various components to form a collaborative and
distributed network are highlighted in the follow section. However, the discussion of
implementing STEP Modeller and the Design Knowledge-Based System are based on
the research work at Cranfield University (Aziz et al. 2004).

4.3.3.1 XML Parser

A XML Parser is the piece of software that reads XML files and makes the
information from those files available to applications and programming languages,
usually through a known interface like the DOM (Documenf Object Model) or SAX
(Simple API for XML parsing) (Holzner, 2001). The XML Parser is responsible for
testing whether a document is well-formed and, if given a DTD (Document Type
Definitions) or XML schema, it will also check for validity (McLaughlin and Loukids,
2001).

XML Parsers can be used to reconstruct instances of Java classes from the XML data
(see Chapter 7). There are two different methods of implementing XML Parsers i.e.
DOM or SAX. DOM views an XML document as a tree strubture and loads the entire
document into memory. It builds parent-child relationships between nested elements.
The DOM API provides standard methods for querying the XML document and
reconstructing Java objects. SAX is an event-based parser that “fires” different events
based on the element parsed. A SAX parser, unlike the DOM parser, does not maintain

a default model for the parsed data. If a listener can be set on the SAX parser to listen
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to parsing of specific tags, then whenever the corresponding element is parsed, the

listener can construct a Java instance of the class corresponding to the element.

For implementation efficiency, SAX is the equivalent of a depth-first, LR (linear
recursive) traversal of a tree; a tree can be generated from the events. SAX makes it
possible to process a very large document using relatively constant resources, but
makes arbitrary queries and transformations difficult; DOM makes queries and
transformations easy, but resource usage increases with the size of the document. For
system resource usage, SAX allows the user to parse large documents without having
to store all of the data in memory, while DOM generally must build the entire tree for

the document in memory.

In terms of validation concerns, DOM permits users to make changes to the data, while
SAX is a read-only system. Validation includes analyzing, validating and processing
XML schemas and resource descriptions. The parser analyses syntactically the
statements of a given Schema / XML file according to the specification. The parser
checks whether the statements are contained in both XML schemas. The
implementation in this work uses the method of DOM to implement the XML Parser
due to the fact that all the information in the organisational knowledge-based system is

being transferred into a document based XML file.
4.3.3.2 PDM /WATC

A PDM system was one of the main technologies this research deployed before it
evolved to the current PLM solution. In general, a PDM system provides different
functionalities as shown in Appendix B. However, the research work described here
makes use of ‘Change Management’, ‘Workflows’, ‘Lifecycle’ and ‘Document
Manager’ functionalities. Part of the implementation is to make use of the PDM
system as an ‘integration wrapper’ which provides the ability to “wrap data and
knowledge” from different domains into a common format, such as XML, so that a

XML file can be shared within a distributed PDM environment.

A Workflow Activity Task Controller (WATC) methodology built upon PDM
technology has been defined and developed to distribute product information and

knowledge in a collaborative product environment (see Chapter 7). The

61



SYSTEM OVERVIEW - Chapter 4

implementation of WATC is centred on the “lifecycle” and “workflow” functionalities
of the PDM system and the application of a Java-based XML Parser. “Lifecycle”
function defines the timing of the development stages and “Workflow” function

determines what processes and the interactions take place at each stage.

4.3.3.3 ERP

The Compiere ERP (Compiere CMPCS for manufacturing) is an open source software
and by definition it is free. The application of this freeware in capacity requirements
planning for the work is described in Chapter 8. Compiere CMPCS covers all
manufacturing activity within various types of production environments. The main
modules are Resource Planning, Production Plan & Demand Management, MPS,
MRP, CRP and Manufacturing Orders & Repetitive. In order to use the software more
effectively the user must customize the system to suit the needs of the work being

undertaken.

One further aspect of the software is that apart from the import function, which can be
used to download the process plan, the majority of the information was manually
inputted. The system is not completely developed yet, and its performance over low
speed dial-up connections is very poor (however the web interface is usable). Also, it

cannot be deployed with another open source database as yet.

4.4 SCOPE OF INDUSTRIAL APPLICATIONS

4.4.1 Background of Industrial Applications

The main focus of this work is to capture two different kinds of products to prove the
flexibility of the demonstration system and prove the hypothesis of the project
objectives. This novel method has been tested with real iproducts and processes
provided by the collaborating companies. The research addresses the needs of a very
large section of industry. The reseérch is particularly relevant to manufacturing
environments with small batch sizes, medium to high product complexity, increasing
product variety and decreasing product life-cycles. The inherent ability of the proposed
methods allows early design/concept evaluation within a distributed environment, and
could improve the responsiveness and quality of quotations, which is vitally important

if supply chain companies are to take full advantage of e-commerce opportunities.
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ArvinMeritor and Mabey & Johnson Ltds were selected from the manufacturing
industry to participate in this research. This selection was based on companies
operating internationally with globally distributed supply networks. Both companies
appreciated a need to strengthen their responsiveness to the customers’ requirements,
in particular at the early product development stages. This will be achieved by bridging
the communication of design and manufacturing through PLM/PDM. The new method
will also provide the companies the opportunities to enhance their business through
distributed sourcing options. They have foreseen that this research will support the
infrastructure of how PLM/PDM technology can be used to deliver their key business
objectives. Furthermore, the design and manufacturing software vendors are also
interested in this research, in particular PTC who is enthusiastic of the new method

developed in this research to enhance the effectiveness of applying PLM system.

4.4.2 Outline of the Application Scenario
A UML Sequence Diagram (Schmuller 1999) as illustrated in Figure 4.3 outlines the
application of the product development integration architecture in a Web-based data
interoperability scenario between the design and manufacturing domains and the
enterprise systems. The overall system functions as follows:
1) Create XML-based Knowledge file to be re-used
a) Create instances within the Knowledge based-system
b) Save instances in XML format from Protégé2000
2) Load the XML document
a) Invoke the PDM system and use the ‘Create Document’ and ‘Check-In’
functions to load the XML file into a PDM cabinet
3) Use the XML-based Knowledge file
a) Invoke the PDM system and use the ‘check-out’ function to load the XML
file intc the user’s local web-server.
4) Invoke the third party software system
a) Runthe CAPABLE Aggregate Process Planning System.
b) Invoke the XML Parser from the CAPABLE to associate with either the
Product Features or Resource (Factory Modelling) for extracting the XML
file.
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5) Save the process plan
a) Use the native functions provided in CAPABLE to generate process plan
output as a text file.
b) Use the *check-in’ function to load the text file into a PDM cabinet

c) ‘Check-out’ the plan for Capacity Planning using an ERP system

0
Top Package::Kijowledge Experts Top Packdge::Users
‘ IEmlggg-zml | Windchil PDM l * lQAEABL E smgm| I Enterprise Resource Planning
1. Manufacturing Knowedge : :
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—— ]
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Manufcaturing Engineers
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!
|
|
|
|
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|
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|
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Figure 4.3: Systems Applications in UML Sequence Diagrammatic Representation

4. invoke CAPABLE System
and extract knowledge
using a in-built XML Parser
and save the process plan

5. Using the process plan
for Capacity Planning

4.4.3 The Bailey’s Bridge Panel

Figure 4.4 illustrates a complete Bailey bridge. The concept of Bailey Bridging was
developed during the 2™ World-War by Sir Donald Bailey to enable bridges of varying
spans and carrying capacities to be speedily erected manually, by unskilled labour.
Mabey & Johnson Ltd recognised that the original requirement of an assault bridge
limited the wider application of Bailey bridges and in 1974 introduced a panel bridge
designed for long term permanent applications and was designed to carry greater loads

and traverse spans of up to 80m and carry up to 3 lanes of traffic.

Figure 4.5 illustrates a single Bailey bridge panel. The bridge panel was constructed
from 14 steel beams (4 horizontal, 8 diagonal and 2 vertical), 6 different steel plates
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The detailed industrial testing of the proposed methods are documented in Chapter 8.
In the next chapter, the focus of the discussion will shift to the development of
aggregate manufacturing models (the CAPABLE System). The CAPABLE System is
an early process planning system, used to demonstrate the reuse of manufacturing
knowledge at the early stages of communicating design concepts and potential

manufacturing scenarios.
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MANUFACTURING MODELLING

5.1 INTRODUCTION

The CAPABLE System, an aggregate manufacturing model, is one of the key
components in the product development integration architecture as highlighted in
Chapter 4. As previously described in the literature reviews Yao er al. (1998)
developed a CAPABLE Welding System to evaluate the design of sheet metal
fabrication at the early stages of product development. Bramall and McKay (2001a and
b) developed a CAPABLE Space system for the aerospace applications. This work, the
distributed product development project, however, is primarily to further develop and
make use of the CAPABLE Space system and adapted the capabilities of the
CAPABLE Welding System in welding features and welding process modelling.

The following sections will focus on describing the additional development of the
CAPABLE System and the aims are:
e To allow the system to capture and store the industrial collaborators’
production capabilities.
e To enable the system to reuse XML formatted knowledge statements.
The reason for this development is the need to have a modelling and planning ability to

deal with case studies of the industrial collaborators.
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5.2 APPROACH TO THE AGGREGATE MANUFACTURING
MODELLING

The research has taken the approach of developing the theoretical aspects and
development of aggregate product, process and factory resource models that facilitate
capturing key early design data needed for planning and evaluating production using
quality, cost and delivery criteria (Bramall et al. 2003; McKéy et al. 2003). This has
led to the theoretical definition of weld features in the aggregate product model and of

welding and non-shape-changing process classes for the aggregate process model.

An “aggregate weld feature” is made up of a permissible combination of a “weld type”
and a “joint feature” as illustrated in Figure 5.1. The weld type class contains 14 types
of welds and the joint feature class contains 6 types of joint features. The combination
of these weld types and joint features can satisfy the definition and representation of
the vast majority of the weld features found in industrial products. The aggregate
welding process class includes four types of welding processes namely, gas welding,
arc welding, electron beam welding and laser beam welding. The non-shape-changing
aggregate processes include surface coating, galvanising and surface preparation which

are frequently deployed in welded fabrications.

The research work has also extended the assembly process models with a special class
of “orientation operations”, frequently deployed for manual or automatic assembly.
The new aggregate models have been formalised using the UML and have been

integrated with the aggregate models.
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Figure 5.3: Top-Level Product Model Class Diagram

Figure 5.4 depicts the UML class diagram of the product model representation in
welding. Feature is the super class of weldfeature and JoinFeature, where weldfeature
consists of sub-classes to represent different weld types. For example DoubleU,
Double_Vee, Square, Convex and, Concave and so on, the terms used in the class
diagram are consistent and corresponded with industrial standard as shown in Figure
5.1. In terms of JointFeature there are six standard types which are widely used in the
welding industry namely Tee, Corner, Plug, Butt, Lap and Edge. In the application of
welding assembly of a particular member of the StandardBridgeM J panel.
JointFeature(s) is normally associated with a set of WeldFeature(s). For example,
JointFeature of Butt uses WeldType of either Double Vee or Single Vee or Square or
combination of all which is denoted by (1..*). Similarly, JointFeature of Corner uses

Convex or Concave or combination of the two.
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Figure 5.5: The Top Level Process Model Class Hierarchy

5.3.2.1 Development of the Process Model

The illustrations of Figure 5.6, 5.7 and 5.9 depict further additional processes which
were not available in the CAPABLE System. The diagram represents the different type
of processes which are specifically used to model the manufacturing capabilities of the
industrial collaborators. Figure 5.6 illustrates the additional classes for MassReducing
and MassConserving. Within the Mechanical hierarchy, processes such as Shearing,
Nibbling and Sawing were introduced. These classes are used to model the capability
of steel-beam preparation such as reduction of beam length and removal of a small part
of the material on a flat surface, for example a small hole. Within the SurfaceCoating
and SurfacePreparation of the MassConserving class, several sub-classes were
implemented to model non-shape changing processes such as SC Galvanising,
SP_Greasing, SP_Degrease and SP_ChemicalCleaning. In particular, SC_Galvanising
is a hot dip surface coating process which is widely used in zinc coated structural steels
to prevent corrosion and expand its lifecycle, an application is the Bailey’s steel bridge
panel. SP_ChemicalCleaning is the process to apply chemical cleaning prior to the
application of galvanising process. SP_Greasing, and SP_Degrease processes in this
Qork are mainly used for the applications of preparing surface coating of discrete small

parts for the assembly of the vehicle-door-latch.
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Figure 5.6: Additional Classes for MassReducing and MassConserving

Figure 5.7 illustrates the additional classes for Discrete Parts_Manufacture and
Part Handling. This work has introduced two additional classes namely
MaterialForming and Orientation. Bending is a subclass of MaterialForming which is
used to form metal shape, for example, U-shaped steel beam. Orientation has a group
of subclasses to capture data of handling the sub-components of the vehicle-door-latch
assembly. Other processes which are used to support the assembly sequence of the
vehicle-door-latch are OR Feeding and OR_Transferring to ensure the units are
securely fed. Figure 5.8 illustrates example attributes and operations of the Orientation
class which has sub-classes of OR _Feeding and OR_Placement.  Generally,
Orientation is mainly used to calculate the time required for assembling certain

product features in the modelling environment.
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operations to supply chain companies, for technical or economic reasons, the resource
model is specifically designed with high level classes to model external suppliers. The
resource model is composed of two libraries of classes, namely resource (the physical
entities) and resource types (the behaviours). To construct a resource model, the
physical resources are first instantiated and then resource types, describing the process-
related capabilities of each resource, are associated with the resource. This object-
oriented structure provides the ability to represent hierarchies of resources at different
levels of abstraction as occurs in the real world. The majority of the functionality of the

resource classes is contained within the top level resource object as in Figure 5.11.

Resource
Hname behaves as R - has parameters
. . K> |Resource Type :
#location & fpotprmt Ko>—————————— OperatingParameters
#part set-up time 1 + [Hprocess key 1 "
#batch set-up time

#depreciation cost rate
#activity-based cost rate
#SPC quality data
Hpre-requisite resources
#process key

Figure 5.11: Resource and Resource Type Classes with their Attributes

5.3.3.1 The Resource Class

The resource class is intended to model the constraints involved in the real world i.e.
the factory resource entities. Therefore, when creating resource objects of the resource
class, the following types of information must be entered of which the factory model is
embedded and directly linked and delivered the following points Maropoulos ef al.
2003b:

1. Footprint

The footprint describes the physical position and area taken up by the resource,
referenced from the footprint of the parent resource object. For example, a machine
will be located within a cell, which in turn is located in a higher-level factory resource.
This allows a 2D graphic visualization of the layout of a factory resource. Functions
exist to calculate the distance from one resource to another by taking advantage of the

hierarchical nature of the resource model.

80



THE AGGREGATE MANUFACTURING MODELLING - Chapter5

2. Process Key

The process key attribute of a resource identifies the processes which may be executed
on it. When a resource type is added to a resource, the type’s process keys are
appended to the resource.

3. Pre-requisite Resources

Resources, which are dependent upon other resources, such as a machine which
requires labour to operate it, also require a description of all the pre-requisite
resources.

4. Quality

Each resource maintains a historical record of the measured manufactured features. At
the point of quality assessment within the process planning algorithm, this record is
searched to find the best possible matching criteria in terms of the feature, its
dimensions and process parameters.

5. Cost

The cost model at this stage is not at the detailed design stage, it is only used to
perform calculation in the activity-based cost rate using direct labour and machine time
associated with a particular resource.

6. Delivery

Time information is split into five categories namely: cycle, part setup, batch setup,
transport and lead. '

e Cycle time is derived directly from the process model based upon resource
operating parameters such as maximum power and tool speed, and product
characteristics such as dimensions and materials.

o The Part Setup time is user defined for a resource and represents the time
required to setup this resource for a single part.

o The Batch Setup time which is also user defined, represents the time required
to perform a setup on the resource for a batch of parts.

e Lead Time is again user defined though is only for bought-in parts and reflects
the purchasing lead time.

o Transport Time is directly dependent upon the resource model as it utilises the

foot-print and transport objects for the calculation of transport time.
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7. Knowledge Statements
Statements of knowledge can be attached to objects of the product, process and
resource models via a XML Parser (see Sections 4.3.3.1 and 7.3.2) to provide

“Knowledge-enriched process plans”.

5.3.3.2 The Resource Types

The resource type classes describe the processing capability of a resource through a
series of operating parameter classes. A resource may have more than one resource
type, for example a lathe can operate as a turning centre or a drill. The hierarchy of
resource type objects used in CAPABLE System, is given in Figure 5.12. Each
resource type contains a list of process keys and a list of operating parameters. A
process key is a textual identifier for a corresponding class of the process model. When
a process type is added to a resource, the type’s process keys are appended to those of
the resource. The process planning then queries the resource process keys to identify
potential resources for a given process requirement. Table 5.1 shows a set of operating
parameters for the resources ranging from the degrees of freedom and tool speed to
feed rates. The operating parameters are a critical set of variables that describe
processing capability in an aggregate manner. The required operating parameters are
obtained from the simplification of detailed process models and their values are
derived from literature, the simplification of process optimisation algorithms and
databases of production equipment manufacturers. These were identified from a search
of the databases and from the necessary algorithmic process models required for
obtaining accurate QCD (Quality, Cost and Delivery) values (McKay et al. 2001a and
b).
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illustrated in Figure 5.13. In the cutting process category, there are LaserCutter,
ArcCutter, FlameCutter, and MechanicalCutter. However cutting processes are rarely

used within the factory as the dimensions of the beams were already customized before

they arrive at the plant.
Resource_Type
|
Machine_Type Tool_Type
MC_Welder TP_Cutter
ArcCutter
LaserWeIder / \ ‘v/} \ FlameCutter
LGasWelder ameWeIder rMechamcalCutter LaserCutter
ArcWelder
| Nibbler' ‘ Dn‘lltaps' I Hacksaws I
RoboticArcWelder l | ManualMetalArcWelder |
‘ Shear | [Bandmwsl

Figure 5.13: Additional Classes for Machine_Type and Tool Type (Mabey &

Johnson)

Figure 5.14 shows further additional resources that have been implemented to model
and accommodate the need for ArvinMeritor’s vehicle-door-latch assembly sequences.
The additional classes are focused on jig tools which consist of different types of
feeders and escapement mechanisms (Auto_Tapping Machine and

Turner_Riveting_Machine) and positioning tools (Probe and RDP_Transducer).
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Figure 5.14: Additional Classes for Machine Type (4drvinMeritor Automotive)

5S4 FACTORY MODELLING

The modelling of a factory depends on the resource model in the CAPABLE system
which is composed of two sets of classes, namely the resource and resource type
classes as described previously in Section 5.3.3. The resource modelling functionality
has been implemented in a truly distributed manner by utilizing the Java remote
method invocation (RMI) (Maropoulos et al. 2003a; Siple 1988), in which the methods
of remote Java objects can be invoked from other Java virtual machines, on different
hosts. Access to the database is controlled via a series of private and public areas. The
intention is to allow various users to share the core models securely across the
distributed enterprise. The concept of aggregate planning demands that the majority of
data required for the main constituent models should be available early in the design
cycle. Thus, a simple and robust user interface has been constructed to facilitate the
distributed and rapid generation of resource models using Internet-based tools, with
little or no training required. This means that supply chain companies can also easily
model their own factories and use these models for the evaluation of producing parts

and subassemblies required by a production network.

5.4.1 Example of Factory Modelling

An annotated screenshot of the user interface of the factory modelling application is
shown in Fig. 5.15. The illustration shows the representation of the factory layout of
Mabey & Johnson Ltd. On the left of the illustration it is indicated the names of the

cells. Within every individual cell, it contains a number of stations used to perform the
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The focus of Chapter 6 will describe the implementation and development issues in
relation to an organisational knowledge management framework. Both the CAPABLE
and Organisational Knowledge systems will contribute a significant impact in bridging
the gap of the disconnection in sharing manufacturing knowledge and early process

planning evaluations as described in Chapter 1.
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6.1 INTRODUCTION

The organisational knowledge framework is one of the key components in the product
development integration architecture as highlighted in Chapter 4. This chapter
describes the theoretical aspects and applications of a novel methodology for
exploiting a knowledge management editor tool that structures organisational
knowledge. The term “organisational knowledge” is defined as “a collective wisdom
of a firm which may be explicit, in the form of databases or documents, or tacit,
expressed by action” (Rich and Duchessi 2001). The organisational knowledge
framework for capturing and representing “manufacturing know-how” has been
developed using an ontological approach. An ontological approach can be used to
elaborate the organisational knowledge by defining the semantics to capture the
meaning of the terms and axioms (to define a set of rules if applicable) to enhance and
encapsulate the way of reusing the knowledge-based system in a collaborative manner
within a production network. An axiom is a statement that defines or constrains some
aspect of the knowledge model and is intended to control or influence the behaviour of
the model (Ontoprise 2004). A widely used, proprietary knowledge management editor
tool Protégé2000 (Protégé2000 2003) is used to create the axiom-controlled ontology
to support the organisational knowledge framework. The delivery mechanism for the

application of the captured knowledge makes extensive use of Web-based technologies
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such as XML and RDF. The captured knowledge is converted into an industry-
standard format and then shared within a web-centric Product Data Management
(PDM) system. The key benefit of adopting such an approach is the closer integration
between the activities taking place during early design. In particular, the effectiveness

of decision making is increased (Maropoulos and Gao 2000).

6.2 KNOWLEDGE-BASED SYSTEMS AND ONTOLOGY
6.2.1 Background to Knowledge-Based Systems

Knowledge-based systems may employ any number of techniques for knowledge
representation and extraction of the knowledge that is to be re-used. Some of the
common approaches are (Turban and Aronson 2000):
e Rule-based systems encapsulate knowledge in the form of structured ‘if-then’
statements.
e Case-based systems seek out “best practice”.solutions to existing problems and
adapt them to solve new and similar problems.
o Model-Based Reasoning uses software models to encapsulate knowledge or to
emulate real processes.
o Neural Nets are a network of nodes and connections used to encapsulate
knowledge, they can “learn” by using examples.
o Fuzzy Logic is used to represent and manipulate knowledge that is incomplete
or imprg:éise.
o Decision Trees encapsulate decision-making knowledge that can be expressed
as sets of order decisions.
o Ontologies are working models of entities and interactions of a particular
domain of knowledge or practices, such as ‘the process planning activity’.
Thus, different knowledge-based systems can be deployed as the technological means
for capturing and managing both explicit and tacit knowledge as part of an
organisation’s knowledge management initiative. However, prior to building
knowledge-based systems, the knowledge that pervades the organisation must be
identified and modelled using appropriate acquisition, representation and modelling

techniques.
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6.2.2 Using Ontologies in Knowledge-Based Systems

As discussed in the Chapter 2, ontologies have the potential to improve knowledge
capture, organisation, sharing and re-use, and consequently were the obvious choice in
this research, to create a knowledge-based system that supports the organisation
knowledge framework. Furthermore, using ontologies in the organisational knowledge
framework can provide the following advantages (Ciocoiu ef al. 2001):
e The sharing of knowledge domains across the WWW,
e They do not rely on a set of rule-based techniques, and
e The capabilities of handling complex and disparate information.
However, modelling organisational knowledge is a very complex task, often requiring
a combination of different types of ontology construction techniques. To support the
organisational knowledge-based system in product development, the following
ontological approaches are considered as being important:
o Top-level/generic/upper-level ontology, which organizes generic domain
independent concepts and relations explicating important semantic distinctions
(Sowa 1995).
o Application ontology, which consists of the knowledge of a particular
application domain (Van Heijst ef al. 1997).
* Domain ontology, which organizes concepts, relations and instances that occur,
as well the activities that take place in a domain (Van Heijst ef al. 1997).
Thus, to construct an ontology-based knowledge system for this research these three

ontological approaches have been adopted.

6.2.3 Selection of Ontology Management Software
When developing an ontology, the first task in the research project was to find a
suitable ontology software editor capable of managing all the required ontology types.
There are more than ninety ontology editing tools available currently (Denny 2004a).
According to (Corcho ef al. 2003; Su and Ilebrekke 2002; Duineveld et al. 2000),
several basic questions arise relating to ontology tool selection, these are:

o  Which tool(s) give/s support to the ontology development process?

e Does the tool support multi-user access?

o How are the ontologies stored (in databases or files)?
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e Does the tool have an inference engine?
e What are the inference mechanisms attached to an ontology language?
e What language(s) is available within the tool for implementing the ontology?
¢ Does the tool support multiple inheritances?
e Is it possible to import / export the ontology in various formats?
e Does the tool provide / support graph view?
Among the ninety-four tools listed by Denny (2004a and b), the most well established

ontology editing tools as given in Table 6.1 were selected for comparison.

Whilst all the selected tools may be used to build ontology schemas, standalone or
together with instance data, some offer only limited functionality and user support.
Some of the editors surveyed are intended for building ontologies for specific domains.
These ontology editors may have enhanced support for information standards that are
unique to their target domain, but can still be used for general purpose ontology
building. For example, Apollo is a genome annotation viewer and editor. The
OpenKnoMe Editor is used to support medical reference terminology. Microsoft’s
Visio for Enterprise Architects uses an object-oriented specification language (Object

Role Modelling language) to model information domains.

After considering the tools as compared in Table 6.1, Protégé2000 was selected for use
in this research based on the followings:
1. Itis an integrated tool for ontology and knowledge-base editing.
2. It is an open-source, Java-based, extensible architecture for the creation of
customized knowledge-based tools.
3. It supports plug-ins to enable different inference engines, query engines and
visualisations to be run within it.
Protégé2000 supports a large number of data formats and is usable both as a
development environment and as an end-user knowledge management tool.
Protégé2000 is one of the very few open-source ontology editors designed to be
scalable and customisable and has a wide user community. Indeed, one of the major
strengths of Protégé2000 is the support that novice users receive from an online

discussion group and the advanced technical support that is offered.
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6.3.1 The General Structure of Organisational Knowledge

There are four kinds of knowledge that are generally recognised as being important in

a knowledge-based economy (ITAG 1999).

1. The first, ‘Know-what’ is knowledge about facts.

2. The second is ‘Know-why’ and refers to scientific knowledge and understanding,
for instance, the principles of why things happen. This also encompasses the skills
often found in research laboratories or generated as a result of collaborative
research between organisations.

3. The third type of knowledge is ‘Know-how’ which refers to skills and capabilities,
for example, the ability to use a particular machine or skills gained through
practice and experience. In industry, ‘know-how’ is often used interchangeably
with the term knowledge management from design to manufacturing, whether its
context is described explicitly or implicitly.

4. The final component is ‘Know-who’, which describes where in the enterprise
knowledge is stored. Capturing ‘Know-who’ requires a deep understanding of the
expertise within an organisation.

The approach to define and construct the organisational knowledge ontology was

based on the four kinds of knowledge. In this particular application ‘Know-who’ is

only used to record the name of the kﬁowledge owner, it has been implemented as an
attribute of the ‘Know-how’ class. In future versions of the work it may be possible for
example to make a separate module, so that meta-information about confidence in the

judgement of a person may be recorded.
6.3.2 The Main Organisational Knowledge Ontology

Figure 6.2 shows a class taxonomy of the organisational knowledge ontology which
was specifically constructed to model manufacturing knowledge for this research.
According to Jenz & Partner (2003), “an ontology is based on a taxonomy which
represents a class hierarchy in the object-oriented world”. The organisational
knowledge ontology consists of three major modules, namely; Organisation
Knowledge ‘Know-how’, ‘Know-what’ and ‘Know-why’, which are defined as
is_a_kind_of organisational knowledge. The modules have constraints imposed upon
them, namely Probability, LargerTheBetter, SmallerT heBetter, NominalTheBest,

FactorTarget and FactorBenchmark. However, the research work at this stage is
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mainly focused on applying Probability to define a constraint related to the instances

captured within the ontology as this will be discussed in Section 6.3.5 and 6.4.3.

Organisation Knowledge Know-how is further broken down into:

1. ‘Business Process Know how’,

2. ‘Design Know _how’ and

3. ‘Manufacturing Know how’
The ‘Business_Process_Know_how’ module defines marketing strategies, sales,
purchasing, vendors and supply chains, suppliers and costing data.
‘Design_Know _how’ represents the information on product design and standards, and
customisation such as bespoke customer designs. Manufacturing_Know_how forms an
integral part of the framework and consists of quantitative and qualitative knowledge
statements related to the production processes and equipment. It captures production
skills, process best practice and experience-based information. The
‘Organisation_Know what’ module is used to define empirical knowledge based upon
facts and hypotheses. Finally, ‘Organisation Know why’ defines principles of why

things happen.

The research looked at exploiting the possibility of applying this information to
support process planning using the CAPABLE Aggregate Process Planning System.
In order to optimise a manufacturing or assembly process plan, know-how is required
td determine the most suitable processes and equipment to use. Also, by using
manufacturing know-how and design know-how together with the capability analysis
technique, the generated process plan can be further improved (Bramall et al. 2003,
Baker and Maropoulos 1998). Furthermore, once the plan is stored in the PDM system
it can be distributed to various locations and shared amongst the collaborators subject

to predefined agreements to protect intellectual property and commercial advantage.
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Manufacturing Know_how has two further sub-levels, Qualitative_Knowledge and
Quantitative_Knowledge as illustrated in Figure 6.2 and Qualitative Knowledge
consists of several sub-classes such as; Observation_and_Intuition which is defined as
knowledge gained by observing activities and well-understood ideas.
EmployeeTacit_and Experience which is defined as knowledge which employees
have gained through experience. Lastly, BestPractice defines ideas about what works
best in a given situation, examples of how not to do something, lessons from a specific
program or project in an application. The Quantitative Knowledge class captures the

information of Written_and Benchmarking.

Figure 6.3 illustrates a detail representation of the Organisational Knowledge ontology.
For example Organizational Knowledge Know how consists of a number of object
properties namely Type of Knowhow, Owner of Knowhow, Date_Prepared and
Department which are captured in siring type statements. Further object properties
within this class are Internal_or External to denote whether the knowledge is owned
by internal or external staff, and PPR (ProductFeatures, Processes and Resources)
which describes the kind of knowledge it belongs to, both of them are represented by
symbol type statements. All the object properties are inherited by the subclasses further
down the structure. One important aspect in designing an ontology is that, object
properties can only be inherited down stream within the structure. The subclasses of
Manufacturing Know_how and Design_Know_how consist of  the
Type of Manufacturing Knowhow and Type of Design Knowhow respectively.
Both of the subclasses are inferenced by an object property, ProbabilityFactor, which
represents the level of confidence of the captured knowledge numerically (Bramall,
2006) and (Li et al, 2006). Quantitative_Knowledge and Qualitative_Knowledge are
a-kind-of Manufacturing Know_how in this ontology which consist of the descriptions
of the knowledge statements and the KS #ype (knowledge statement type). The
Quantitative_Knowledge module has also been imposed with constraints namely
LargerTheBetter, SmallerTheBetter and NominalTheBest. The research work at this
stage is mainly focused on applying Probability to define a constraint related to the
instances. In addition, Figure 6.4 illustrates the actual implementation within the
Protégé2000 editor. The illustration shows the structure of the ontology and the object

properties of example classes. The tree on the left represents a class hierarchy. The
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Design Knowledge (Know-how

Written and
Benchmarking

Knowledge Statement

Probability

Factor

The benchmarking of good design for

filling, venting and drainage requires:-

® Means for the access and drainage of
molten zinc

Means for escape of gases from internal

compartments (venting)

0.75

Design of holes for venting and draining
should be as large as possible. The
minimum hole diameters are given in the
following table:

Size of hollow Minimum
section (mm) diameter of hole
(mm)
<25 10

>25-50 12
>50-100 16
>100-150 20

>150 Consult

galvanizer

1.0

Best Practice

In designing components which require
galvanising, overlap surfaces should be
avoided as far as possible. i.e. if overlaps
are completely sealed by welding there is a
risk of explosion during dipping due to
increased pressure of any entrapped air.

0.75

Efforts can be made at the design stage to
minimise residual stresses:-
s Controlling welding procedures
during fabrication
= Arranging weld seams
symmetrically. The size of weld
seams should be kept to minimum.

1.0

Table 6.2: Typical Example of Design ‘Know-how’
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Manufacturing Knowledge (Know-how)

Knowledge Statement Probability
Factor

Written and The bottom line; when welding parts < 2
Benchmarking | mm its imperative the plant uses a 035 or 0.75

040 wire.

The bottom line; when welding parts > 2

mm its imperative the plant uses a wire 1.0

above 040,

Do not weld on coated metals, such as
galvanized, lead, or cadmium plated steel,
unless the coating is removed from the weld
Best Practice area, the area is well ventilated, and while
wearing an air-supplied respirator. The
coatings and any metals containing these
elements can give off toxic fumes if welded.

0.75

Welding on closed containers, such as
tanks, drums, or pipes, can cause them to
blow up. Sparks can fly off from the
welding arc. The flying sparks, hot
workpiece and hot equipment can cause
fires and burns. Accidental contact of 1.0
electrode to metal objects can cause sparks,
explosion, overheating, or fire. Check and
be sure the area is safe before doing any
welding.

Table 6.3: Typical Example of Manufacturing ‘Know-how’

6.3.5 Method of Measuring Knowledge Statements

Aggregate Process Planning has previously been defined as the task of identifying
production requirements for an embodiment-level design to provide the basis of
decision support through the technical analysis of manufacturability considerations
during early product development (Maropoulos et al. 1998). CAPABLE (Bramall et
al. 2003) is an implementation of an aggregate planning system, which has specifically
been developed. to assist the integrators of large, complex products by exploring
production options. The system decomposes the product design into features and
intelligently explores all the possible production alternatives, ultimately allocating the
production of specific parts to factories and equipment. CAPABLE is designed to

operate during the earliest phases of design where the quantitative analysis of design
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solutions is not always possible, it therefore uses the concept of ‘capability’ to measure
the likely performance of a plan. The idea of capability is to model an expert’s
preference for the selection of a particular process or piece of equipment in the process
plan, derived frc}m one of the three types of enterprise knowledge. A capability factor
is'a pre-defined measure of performance, related to a specific area of the plan that the
enterprise seeks to improve. Typical examples are shown in Tables 6.2, 6.3 and
Appendix F, where each of the knowledge statements has been assigned a value by the
domain expert. For each probability factor, past experience captured in the ontology as
know-what, know-how and know-why, is modelled as a value which describes the
achievement towards the performance target which would be obtained if the entity was
selected in the plan. This may be defined quantitatively or qualitatively using a scale
ranging from ‘strongly desirable’ to ‘strongly undesirable’. Hence, capability factors

can directly utilize the ontology as a source of knowledge.

A Capability Analysis (CA) method (Baker and Maropoulos 1998; Bramall ef al.
2002) has previously been developed to prioritise knowledge values associated with
product, process and resource entities. When applied to the process planning
problem, CA makes it possible to identify potential design or implementation
problems with the process plans and feed them back to designers to prompt further
detailed analysis or re-design. The specific purpose of CA, carried out within
CAPABLE, is to examine the performances attributed (via know-what, know-how
and know-why factors) to the product, process, resource elements of a process plan,
and assign a priority to each performance to form a ranked list of factors that require

investigation or action at each of those levels.

This section so far has discussed the theoretical aspects of using an ontology in a
knowledge-based system. In the remainder of this chapter, the discussion will focus

on the implementation to build up such system.
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6.4 CONSTRUCTION OF THE ONTOLOGY-BASED
KNOWLEDGE SYSTEM

6.4.1 The Activities to Design the Knowledge-Based System

To design a knowledge-based system using the ontology technique is a complex task.
The approach in this work proposes a way of constructing a knowledge model which
involves four activities as illustrated in Figure 6.6:

1. The first activity in KBS construction is to form a UML representation of the
ontology and define the relationships among the classes.

2. Transfer the UML class taxonomy into the application ontology using XMI and
subsequently mapping the roles and the concepts in the ontology.

3. Configure and define the ontology. This activity involves the construction of
an application-specific ontology. In general, ontology construction is a difficult
process that requires the expertise of knowledge engineers and domain experts.
A library of reusable ontological theories can ease this process. The knowledge
engineers and domain experts work as a team to select the reusable theories
and, if necessary, tune them and define an agreeable vocabulary to meet the
demands of the application.

4. Instantiate the application ontology with domain knowledge, for example, the
knowledge statements as shown in Tables 6.2 and 6.3 are a kind of domain
knowledge. While the application ontology defines which concepts are used in
the domain, the application knowledge describes the actual instances of these
concepts. Hence, this requires the domain experts to gather all necessary

knowledge to instantiate the domain ontology.
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XMl is available as a standard plug-in for most UML modelling tools such as Rational
Rose', Ideogramic®> and ArgoUML *. The XMI plug-in allows all different UML
products to exchange information in UML class diagram format. Rather than single
iterations, round trips are possible so that even reverse-engineered Rational Rose UML
class diagrams can flow back to the Protégé2000 KBS Editor, Ideogramic and

ArgoUML and serve as the basis for further collaboration and refinement.

For additional refinement of the ontology within the Protégé2000 environment, there
are two individual processes which can be applied in combination to form the
ontology.

1. use the vocabulary from the RDF library (RDF Vocabulary Description

Language 1.0, 2004), or

2. using the knowledge and domain experts’ own vocabulary.
In this case the ontology was formalised using the developer’s own vocabulary as
shown in figures in 6.3 and 6.4. The application ontology will then be instantiated with
domain knowledge as the resulting domain ontology, which is also known as the KBS
created using the graphical user interface shown in Figure 6.7. As for Figure 6.8, the
example illustrates the resulting instances of (a) Written_and_Benchmarking and (b)
BestPractice. Each of the instances has a set of object properties to capture the
required information. For example, in relation to the performance exhaust product as
described in Section 6.3.4, the knowledge statements and probability factors can be
captured within the user dialog box as indicated in Figure 6.7. In addition, Figure 6.7
also shows a Type of Knowhow instance for ‘Manufacturing’. The
Product_Process_Resource (PPR) slot describes the entity in the manufacturing
system which the instance data relates to. Other fields contaiﬁ specific object property
data to describe the knowledge, for example owner and date created. The Design
knowledge base was also developed using the same process. One of the advantages of
using Protégé2000 is that the information can be converted between formats using a
native function, which eliminates the process of manually implementing data exchange
mappings which would have been required if the KBS was not XML-enabled. A Java-
based XML Parser was developed, as described in Chapter 4, (Section 4.2.2) to

" http://www-306.ibm.conVsoftware/rational/
2 http://www.ideogramic.com
? http://argouml.tigris.org
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6.4.3 The Application of Axioms and Constraints within the
Ontology

It is important to be able to define axioms and constraints within an ontology. The
axioms and constraints are used to define a specific value or condition in relation to a
specific knowledge statement. For example, the design and manufacturing ‘Know-
hdw’ for the performance exhaust as described in Section 6.3.5, where the tables of the
knowledge statements have been assigned different values by the domain expert. The
methodology of constructing these values in the knowledge-based system will be

defined using axioms and constraints as described in the following.

In terms of implementation of axioms and constraints within the ontology, there are
several plug-ins available within the Protégé2000. The EZPal tab (Hou er al. 2002) is
designed to facilitate the acquisition of Protégé Axiom Language (PAL) based
constraints without the need to understand the language itself. The plug-in uses a
library of templates based on reusable patterns of previously encoded axioms. The
interface allows users to compose constraints using a 'fill-in-the-blanks' approach. The

EZPal tab makes use of a Protégé2000 ontology to store three major categories of

information which is classified as Property, Template and Pattern as shown in Figure

6.9.

e A property is an abstract description for the common features of a group of
templates. Properties are not mutually exclusive: each template may satisfy more
than one property.

o Each template describes a set of frequently used axiom design patterns based on
their semantic and structural similarities. It stores the relevant ‘variation'
information to allow retrieval of a specific pattern to allow value entries for axiom
generations.

e A pattern is defined as a logical sentence derived from a group of axioms that are
structurally identical except for specific references. Individual patterns are not

stored explicitly in the library but further generalized into templates.
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6.5 SUMMARY

In this chapter, an Organisational Knowledge Framework using Web-based
technologies and information management systems for the collaboration of distributed
teams in product development has been defined and developed. The development of
the Organisational Knowledge Framework has been created as part of the tool for the
product development integration architecture to support early design and
manufacturing evaluations as described in Chapter 4. The novelty of this part of the
work is the development of a manufacturing know-how data structure (Section 6.3.3)
which has been constructed as part of an Organisational Knowledge Framework using
an ontological approach towards capturing and reusing manufacturing knowledge

(Section 6.3).

This chapter has also shown examples of ontology tools selection (Section 6.2.3). The
selection of ontology knowledge editors is important too as there are more than ninety
ontology editors available. Some of the editors dictate the use of a specific kind of
knowledge domain. For instance, the design knowledge domain may need a particular

type of editor feature which has the capabilities for geometric representation.

As a result of the theoretical and practical experiences in using ontology and
knowledge management, this chapter has specified and created an Organisational
Knowledge Framework compatible with aggregate process planning (Section 6.3).
This chapter has also discussed the implementation of capturing and reusing
manufacturing know-how using various ontological activities and the application of
axioms and constraints (Section 6.4). With the development of user-friendly ontology
editing software and automatic data exchange functions, the application of ontological
approaches to exchange information across the WWW will be an essential aspect of

the next generation of global knowledge management tools.

As for the following chapter, it presents detailed discussion and implementation of the
product development integration architecture in linking the design and manufacturing
domains through the applications of Web-based and enterprise integration

technologies.
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7.1 INTRODUCTION

As described in Chapter 1, the overall theme of this research is to create a collaborative
environment and its associated components to bridge the gap of communication in the
eérly product design and development stages via the application of a novel product
development integration architecture as briefly highlighted in Chapter 4. Chapters 5
and 6 discussed the main development of the aggregate manufacturing models and an
organisational knowledge-based system. This chapter will discuss the main integration
architecture for linking design and manufacturing domains through the application of
Web-based technologies and enterprise systems. This chapter focuses on the
implementation issues of PDM, ERP and Web-based technologies. The integration
architecture forms the theoretical backbone and defines the role of the system in
supporting product development in a collaborative and knowledge distributed

environment.

The integration architecture is designed to be used by product design, product
development and manufacturing engineers to explore possible design alternatives in a

Web-based environment. In practice, the integration environment can be used in a
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collaborative manner by vendors, original equipment manufacturers (OEMs) and
suppliers with deployment of different: ERP and PLM/PDM systems. One of the main
features of the system is the data exchange mechanism which enables industrial

standard data format (XML) to be reused with third party software systems.

In addition, this chapter also discusses and presents the implementation of a hybrid
integration methodology which is a subset of the integration architecture to address the
issues of utilising open source P2P, JXTA and PLM. The focus of the adoption of open
source is to evaluate how a decentralised communication network can enhance the
integrity of knowledge and data sharing for the collaboration of smaller companies and
cooperation within the supply chain. The application of P2P methods was initiated at
Cranfield. However, the author of this thesis has made significant contributions to
several elements of the research and development issues such as:

1. security in P2P,

2. the use of distributed workflows, and

3. refining the connectivity of the infrastructure and testing,
A more comprehensive view of the development issues of P2P contributed by this

author is shown in Section 7.4.2.

7.2 THE PRODUCT DEVELOPMENT INTEGRATION
ARCHITECTURE

The proposed integration architecture is illustrated in Figure 7.1. The overall
integration environment is categorized into three layers. The first layer is the enterprise
system which consists of the PDM and ERP technologies and P2P for inter-enterprise
collaboration. The second layer is the communication and data exchange mechanism,
including JXTA, client/server and XML Parser. The third layer consists of the

Manufacturing and Design Domains.

The architecture uses PLM systems to address design interoperability. This out-of-box
solution provides the functionality of different designers at different locations to access
the same design collaboratively. The architecture also supports STEP-based standards
for geometric ..models. This standards-based collaboration can work in a global,

distributed, and heterogeneous design environment. In addition, PLM offers lifecycle
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management and versioning control for the design and the ability to see the history or
‘evolution’ of a design through all its iterations. Thus, this allows geographically

dispersed users to co-edit CAD geometry and related tasks dynamically.

[ | Enterprise :
ERP PLM/PDM <> P2P | and Inter-enterprise Layer
l I N s
4 i 4
e | I - S -
i Integration Protocol :
WATC / XML Parser IXTA '\ Layer i

N I A )
. . . . i i ing !

Manufacturing Domain Design:Domain ‘I Deﬂgg::gr:::;?unng !

B A )

. Aggregate . .
Manufacturing || . "0 cturing STEP Design Sz-t;ir:,t(rallsed
Knowledge Knowledge
Based System Models Modeller Based System
(CAPABLE SYSTEM) 4 ——  Contasea
etwo

Figure 7.1: Overall System Integration Architecture in Product Development

7.2.1 The Enterprise and Inter-Enterprise Layer

The deployment of a PLM/PDM system provides an ‘integration wrapper’ for the
entire integrated system. It supports an online distributed and collaborative
environment with specific functions including product data/document management,
versioning control, workflows and lifecycle management. The term integration wrapper
denotes the ability to “wrap data and knowledge” from different domains into a
common format, such as XML, so that a file can be shared within a distributed PDM
environment and readily interpreted by using the terminology definitions of the
ontology. The deployment of an open source ERP system is mainly used to generate
capacity requirements planning based on the assembly and subassembly sequences of
specific produéts. The P2P technology supports a de-centralised inter-enterprise

collaboration which will be discussed in Section 7.4.

7.2.2 The Integration Protocol Layer
An XML Parser is deployed as the interfacing technology between a PDM system and

the Manufacturing and Design Domains for data interchange. This enables

interchanging portions of XML documents while retaining the ability to parse them

118



LINKING DESIGN AND MANUFACTURING DOMAINS VIA WEB-BASED AND ENTERPRISE
INTEGRATION TECHNOLOGIES - Chapter 7

correctly and, as far as practical is concerned, they can be formatted, edited, and
processed in useful ways. The discussion of implementing the XML Parser is in
Section 7.3.2. JXTA is an open source communication protocol for P2P network

connectivity which is discussed in Section 7.4.

7.2.3 The Design and Manufacturing Systems Layer

The manufacturing domain consists of the CAPABLE system (Chapter 5) and
manufacturing knowledge-based system (Chapter 6). The discussions of implementing
the STEP Modeller and the Design Knowledge-Based System are based on the
research work at Cranfield University. A CAD system Pro/Desktop is used as the
solid modeller to display the image of the product through a PDM Visualization
functionality. An Oracle database server is also deployed to handle requests,
knowledge and model information as well as deploy PDM functionalities through the
use of Java Database Connectivity (JDBC).

7.3 COORDINATION ISSUES OF THE ACTIVITIES
WITHIN THE INTEGRATION ARCHITECTURE
FOR THE TIME-DEPENDENT COMPONENTS

The integration of distributed and time dependent components requires a time
synchronisation model. The time based co-ordination element requires the recognition
of the time-dependencies of activities within a distributed team that use the stored data
and knowledge. In general, a PDM system comprises; a “Document Manager” that
contains a list of user defined cabinets to store data files, a “Lifecycle” function that
defines the timing of the development stages and a “Workflow” function that
determines what processes and interactions take place at each stage. Clearly, PDM
functions can be used as a foundation for defining a time based integration wrapper as

a time synchronisation model.

Figure 7.2 illustrates the coordination requirements for the design of a workflow,
which can be differentiated into internal and external integration requirements (Becker
et al. 2002). Lifecycle management is responsible for defining the development stages

from conception through design, engineering, manufacturing, use and maintenance to
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2. Secondly, since the Workflow functions are to be operated via Web-browsers,

individual security rules can be enforced.

7.3.1 Workflow Activity Task Controller (WATC)

A novel “Workflow Activity Task Controller” (WATC) methodology has been
defined to implement the time based integration wrapper concept in the interactions
between generic types of PDM, ERP, Knowledge-Based systems and Process Planning
functions. The methodology has been formalised in UML as shown in Figure 7.3.
WATC sequences early design activities including concept definition, design
development, manufacturing knowledge sharing and automated aggregate plan
generation. WATC currently supports the following five early design stages:
1. Receive/Understand Customer Product Request and Formalise Design
Specification.
2. Generation of Conceptual Design by the Product Development Team.
3. Distributed Review of the Conceptual Model and Addition of Manufacturing
Knowledge and Constraints.
4. Deployment of Capability Analysis for the Prioritisation of Product
Development Tasks.
5. Generation of Aggregate Process Plans (Routings) and Integrated Capacity
Planning.
The core technologies behind WATC are methods to control the interactions of a PDM
system, a Knowledge Based System and a Process Planning System. The
implementation of WATC is centred on the lifecycle and workflow functionalities of

the PDM. An example output of the iterations is shown in Appendix H.

The workflow starts with the customer’s request for a new product or a change to an
existing product as shown in Figure 7.3. All business processes are modelled
graphically within the PDM system as flow charts, a sample screenshot of a workflow
is shown in Figure 7.4, which indicates an email notification from a customer. The
initial stage is adding customer historical information such as previous product
specifications, customer buying experience and relationships. This can be done by
invoking a knowledge-based system. The knowledge-based system consists of two

separate modules, one is for the design knowledge management system that captures
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information related to product design and design standards, and the other is for

manufacturing knowledge management to capture process and resource related

knowledge.

1.

The primary action of the workflow is to activate the process by assigning a
task to make a connection with the KBS. All the information or relevant
knowledge is stored or retrieved via a Windchill PDM Cabinet function (PTC
Windchill 2002). The Windchill Cabinet function is used to store product
centric information and provides a method of locating information within the
PDM system.

The second stage of the workflow is to assign a concurrent task which involves
notifying team members of the development team and issues requests to the
appropriate personnel to enter conceptual design data.

The third stage of the workflow is to review the conceptual design.

The fourth stage is an XML Parser mechanism which supports the interaction
of data reused of the CAPABLE and PDM systems.

The final stage involves capacity planning and implementation.
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o Prepare XML Metadata

The first stage to prepare XML metadata is to load the XML based knowledge file as
shown in Appendix I (I1). The KBS captures knowledge statements related to product
design, process capability and resources requirements. The main objective of the XML

Parser is to translate all these types of information to a specific data model into the

CAPABLE System.

The next stage of the functional requirements for the XML Parser is to read the XML-
formatted statements using the walkTree () function as shown in Appendix [ (I12).
Appendix I (I3) illustrates an example of the java statements of reading XML based
knowledge statements into the factory resource model using read (resource) function.
The Parser will get the statements and store them in a temporary stack as shown in
Appendix I (I4), which indicates an example of ‘Subject type’. Once this chunk of
information is completed, the Parser will then initiate the get knowledge and get value

as illustrated in Appendix I (14).
e Extract XML Metadata

The next step is to create Java objects. This is the stage where XML statements are
translated into java objects as shown in Appendix I (I5). The way to identify the
correct statement being extracted into the right place is by defining the tag name inside
the XML Parser which must match the Markup defined within the XML documents.
The previous illustration in Appendix I (I4) also shows an example of creating the java
object ‘Subject Type’. The name ‘Subject Type’ corresponds to the name tag ‘Subject
Type’ as defined within the XML document. XML documents are composed of
entities, which are storage units containing text and/or binary data. Text is composed
of character streams that form both the document character data and the document
markup. Markup describes the document's storage layout and logical structure. A
simple example of the work described here for representing manufacturing knowledge

statements in XML is shown in Figure 7.6.
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e Lower running cost due to the lack of servers or high bandwidth central nodes,
as well as

e Maintaining individual control of the shared knowledge.

P2P groups can be used to create profiles of the peer, and also more importantly of the
peer's list of contacts within different domains. These profiles can be used within the
network to search for and assess people's competences, interests, and memberships of
trusted groups, and can aid in the construction of new relationships based on
commonalities and third party assessments. However, a pure P2P architecture can
reduce the performance of the system (Penserin ef al. 2003). As such this research has

developed an idea of using a hybrid P2P network as describe in the following.

In order to support the advantages of client/server systems with the independence and
interoperability of P2P systems, a hybrid system where “super peers” act as peers to
the extended P2P network and as a server to the enterprise's internal peer network is
used. In addition, rendezvous peers can be assigned to manage some of the peer
information assigned to particular peer nets or projects (Penserini et al. 2003; Leuf
2003). These hybrid systems have the potential for high-performance de-centralised

services.

In terms of searching information and query, the hybrid P2P network uses a distributed
index method (Clark et al. (2000), (2002)). According to Risson and Moors (2006), in
order to find a file using the distributed method, the requesting peer first checks its
local table for the node with keys close to the target. When that node receives the
query it too checks for either a match or another node with keys close to the target.
EVentually, the query either finds the target or exceeds time limits. The query response
traverses the successful query path in reverse, depositing a new routing table entry (the
requested key and the data holder) at each peer. The insert message similarly steps
towards the target node, updating routing table entries as it goes, and finally stores the

file there.
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7.4.2 Overall Peer-to-Peer Framework for Enterprise Collaboration

In today’s economy, effective information and data sharing is directly linked to the
competitiveness of an enterprise. Whether it is a single enterprise or a network of
organisations, effective collaboration and data distribution is an important requirement.
This is particularly true for smaller companies such as Small and Medium-Sized
Enterprises (SMEs), who nevertheless, find it difficult to meet the cost of software, the
need of high power computer systems and its maintenance. The costs are a barrier for
smaller companies who want to work with larger companies who may require large
scale software systems. One example is the Product Lifecycle Management system
(CIMdata 2002). PLM is an expensive software system and is mostly operated by large
organisations. Apart from the cost of the software system, there is an additional
disadvantage for SMEs to collaborate with the OEMs (Original Equipment
Manufacturers) or global enterprises; SMEs have to store all relevant product
development data within the PLM system deployed and managed by the OEMs. The
SMEs in this case do not have any degree of autonomy in such a restricted

environment.

One of the main applications of PLM systems is the control of product development
data within a centralized network throughout its product lifecycle using their native
workflow function. Most of mainstream PLM systems operate in an inherent
client/server environment which is overly complex to set up and requires a long period
of time for customisation. The system’s main strengths are in the deployment of the
workflow tools. However, it has been identified that individual workflow elements and
any customisation carried out within a PLM system cannot be directly reused by
another PLM system (Aziz et al. 2005). On the other hand, the RosettaNet standard
(Yendluri 2000), implemented in PLM systems, can decrease the amount of
customisation needed, but not eliminate it, as RosetfaNet only provides a subset of the

messaging and data models of the inter-enterprise link.

The aim of this section is to discuss a hybrid P2P framework for enterprise
collaboration as shown in Figure 7.7 which is a subset of the product development
integration architecture as described in Section 7.1. The main technologies used in the

framework are the P2P decentralized network (Penserin et al. 2003) and open source
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workflows implementing RosettaNet and JXTA (JuxtaPose) (Gong 2002) for network
connectivity. The principle and advantages of P2P have been described in Section
2.10. One further aspect of P2P systems is to distribute the main costs of sharing data,
computing power, network bandwidth and storage capacity (Bond 2001). This is
particularly suitable for SMEs that do not need powerful, expensive servers and
provides operating autonomy in terms of data sharing with the PLM system used by

the OEMs.

The schematic representation of the overall hybrid P2P framework in Figure 7.7 is

explained as follow:

(i) The integration architecture as discussed in Section 7.1. (Durham)

(ii) To set up an inter-enterprise collaboration using P2P, this will be discussed in
Section 7.4.3. (Durham and Cranfield)

(iii) Initiate a collaboration project using workflows as discussed in Section 7.4.4.
(Durham)
(iv) The P2P collaboration supports by 2-tier architecture (as discussed in Section

7.4.5) with JXTA for network connectivity and JDBC for databases.
(Cranfield)

v) The design and manufacturing knowledge based-systems are defined using
different standards such as STEP (Cranfield for solid modeller) and open
source OWL (an advanced version of RDF), the knowledge-based systems
were developed based on RDF.
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“advertisement” is implemented for all peers that give information of one peer to other
peers. Rendezvous peers can act as managers for peer groups and store the peer
advertisement for the group for distribution to other P2P networks. Implementation of
JXTA is in standard Java 2. The user functions of JXTA include the following:

e user interface queries

e project management of collaborative groups

e group chat and instant messaging

Additionally, the system’s settings enable enterprises and users without static
addresses to collaborate using dynamic addressing, as well as the users’ ability to work
offline which cannot be done with Web-based systems. Figure 7.9 shows an alternative
configuration of the framework using SuperPeer nodes as communication connectivity.
S1 consists of two subdivisions represents by Sla and S1b which forms its own
peergroup. Similarly, both S2 and S3 have the same configurations. This shows the
following advantages:

o Flexibility of forming a larger virtual network as members increase.

e Security is enhanced as the ‘super-peer’ node acts like a centralised control
server and this allows users or peers to join a specific peergroup after a set of
credentials is verified.

However, it introduces scalability issues, as peer members increase so does the space
needed in the Superpeer to hold the information about all the users. Consequently, as
members increase so do requests of information and thus, it becomes bottlenecked and

its performance will be reduced.
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PIP workflows pass messages between collaborative partners. Generally speaking,

RosettaNet-oriented workflows process messages as follows:

1.

SME1’s private workflow initiates a RosettaNet message. Data is retrieved
and formatted into a RosettaNet message structure, the appropriate PIP is
determined, and the message is forwarded to the public workflow that
impleménts the SME1’s workflow in the PIP.

The public workflow process creates the appropriate RosettaNet message. The
message is sent to the public workflow of the OEM.

The OEM'’s public workflow receives the message, processes the header
information, and then passes validated customer information and message
content to the appropriate private workflow process.

The OEM’s private workflow process resolves message content and generates
a reply. The reply is processed into a RosettaNet message structure and passed
back to the OEMs public workflow process.

The OEM’s public workflow process creates a RosettaNet reply message and
sends it to SME1’s public workflow process.

The SMEI’s customer public workflow process receives the reply message,
processes header information, and then passes validated OMEs information
and message content to the appropriate private workflow process.

The private workflow process resolves content of the reply message.
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Authenicationcredentials are used by JXTA Membership Services as the basis for
applications for peergroup membership. The AuthenticationCredential provides two
important pieces of information:

e the authentication method being requested

e Identity information which will be provided to that authentication method.
Furthermore, JXTA also allows developers to implement PasswdMembershipService

which allows a Membership Service to be created based on a password scheme.
7.5 SUMMARY

This chapter has presented the product development integration architecture which has
outlined the links between design and manufacturing domains by utilizing advanced
Web-based and enterprise integration technologies (Section 7.2). A novel “Workflow
Activity Task Controller” (WATC) methodology has been defined to implement the
time based integration wrapper concept in the interactions between generic types of
PDM, ERP, Knowledge Based and Process Planning systems and has been formalised
in a UML activity diagram (Section 7.3). The significance of using XML Parser to
support systems interoperability and data exchange has also been highlighted (Section
7.3.2).

Information is often regarded as the most important asset for a company.
Technologically and financially efficient methods to transfer and store information are
the future strategy for a company to compete globally. With the current issues of P2P
security to be remedied, the future of business applications in P2P looks promising.
Rather than spend excessive money on expensive hardware and software, businesses
could utilise the P2P technology to build a distributed network of workstations. The
workstations would each maintain a small chunk of data locally. As a result of this
investigation and research, a hybrid integration methodology which is a subset of the
product development integration architecture using P2P networking as the core
technology has been defined (Section 7.4). The application of P2P methods was
iﬁitiated at Cranfield. However, the author of this thesis has made the following
contributions:

1. Refining the connectivity of the P2P infrastructure and testing (Section 7.4.3)

2. The use of distributed workflows (Section 7.4.4)
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3. Security aspect in P2P (Section 7.4.5.1)
The aim of using P2P is to demonstrate the use of decentralised network for product
development collaboration between smaller companies and larger corporations. The
framework also shows its flexibility that can be adapted into different network

configurations.

In Chapter 8, two case studies will be presented and discussed. The testing of the case
studies are based on two individual products as introduced in Chapter 4. The first case
study replicates a centralised client/server environment supporting the design of steel
panel bridges for rapid assembly on-site. The second case study is focused on creating
a virtual enterprise collaboration to compare the applications of a centralised PDM and

decentralised open source solutions.
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8.1 INTRODUCTION

This chapter presents the results of the two industrial case studies, in particular, the
various software components used in the product development integration architecture
and how they can be used in a distributed and collaborative environment to support
early product development processes. The prototype software systems are the in-house
developed process planning system and knowledge-based system together with major
enterprise systems, the PLM and ERP. The two independent case studies are designed
to replicate the integration environment and to prove:
e The fundamental hypothesis of bridging the gap of communication in early
design and manufacturing activities.
o The logic behind the methods of demonstrating the practicality and its potential
benefits for industrial applications.
e The flexibility of the methodologies which can be used in different product
designs and manufacturing environments.
Due to the commercially sensitive nature of the information, all examples use synthetic

data based upon real examples of the participating industrial collaborators.

140



TESTING AND RESULTS - Chapter 8

8.2 IMPLEMENTATION

The application of Protégé2000 was to create the Organisational Know-how KBS
system to capture real data in design and manufacturing activities. The KBS developed
within Protégé2000 is different from the conventional software system in terms of user
interactions and interfaces. It does not contain an execute file to invoke the KBS.
Instead, the user needs to adapt and familiarise the Protégé2000 environment. The

knowledge-based system can only be executed within the software tool itself.

The in-house aggregate process planning system, CAPABLE, has been further
developed to capture data related to the collaborators’ product design, process
capabilities and factory resources. An XML Parser data exchaﬁge mechanism has been
implemented to convert XML-based knowledge statements to support process
planning in product design decision making. Having created the XML-based
knowledge file, the next stage is to invoke the PDM system and use the ‘create
document’ function to load the knowledge XML-based file into the PDM document
storage cabinet. This allows the document to be re-used by other users based upon
request. The way to make use of the document is simply by invoking the PDM ‘check-

out’ function, which loads the document into the user’s local web-server.

To evaluate manufacturability the implementation uses an open source tool, the
Compiere ERP (Compiere CMPCS for manufacturing). Compiere CMPCS covers all
manufacturing activity within the various types of production environments. The main
modules are Resource Planning, Production Plan & Demand Management, MPS,
MRP, CRP and Manufacturing Orders & Repetitive. In order to use the software more
effectively the user must customize the system to suit the needs of the work that is
being undertaken. One further aspect of the software is that apart from the import
function which can be used to download the process plan, the majority of the

information such as weight and height of the product feature was manually entered.

During the course of the research, it has been established that the use of a centralised
PDM system would be more beneficial if it is diverted to an alternative approach in
sharing information with smaller companies. As a result of further research, a P2P
networking approach seems to be the future strategy for information sharing and

collaboration between larger corporations and smaller companies.
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8.3 TESTING AIMS AND REQUIREMENTS

The testing is to accurately monitor the various components built to bridge the
discontinuity of communication within product development teams using Web-based
technologies and internet-based management systems. Further perspectives of the
results demonstrate the applications of new trend technologies related to
manufacturing knowledge management, data capture methodology in an open source

environment and the use of an industrial standard data exchange format.

The product development integration architecture has been developed to demonstrate
the application of PLM in managing manufacturing data in a collaborative and
distributed environment. An in-house process planning system, CAPABLE, has been
further developed to capture data related to the collaborators’ product design, process
capability and factory resources. In addition, an XML Parser data exchange
mechanism has been implemented to convert the knowledge statements captured in the

KBS to support process planning.

The testing criteria, however, are limited to selected processes and product features.
The selected components are sufficient to create the demonstration systems. For
instance, the testing example of Mabey & Johnson’s Bailey bridge is only a single
panel. The ArvinMeritor vehicle-dodr-latch assembly is limited to a few of its
components and selected assembly processes. Another critical criterion is the
deployment of the PLM and ERP systems, both of the systems can be executed
remotely through an external network. For simulation, the testing was carried out
between Durham University and Cranfield University rather than using the industrial
collaborators’ networks. Thus, in this case, the PLM and the ERP systems can be
stored at Durham and Cranfield. The testing and analysis can be used to evaluate the

overall system in real-time.

The tests were carried out in a single user access environment. However, the
architecture also supports multi-user access using PLM and P2P technologies. PLM
allows simultaneous reading and writing of the same data in the repository which
supports concurrent engineering practices. This is done by locking parts or the entire
database while the data are being updated. Furthermore PLM supports access

authorizations and hence data inconsistencies can be avoided and relationships

142



TESTING AND RESULTS - Chapter 8

between data maintained. As in the P2P application, connectivity is supported by
individual super-peer node and hence multi-user is one of the main strengths of the

architecture.

8.4 CASE STUDY 1: THE MABEY & JOHNSON STEEL
BRIDGE PANEL

8.4.1 Objectives and Aims

The objective of the test was to demonstrate the various software components, and the
original concept of the proposal to bridge the gap of communicating early product
ideas to support product development processes. The aim of the evaluation was to test:
1. The technical feasibility based upon the data supplied and collected from
the industrial collaborator, Mabey & Johnson Ltd., and
2. The WATC method to coordinate early design activities using PDM and
ERP technologies, the organisational knowledge-based system and the
aggregate process planning system.
The exercise concerned the evaluation of a Bailey’s single steel bridge panel at the

conceptual design stage and how decision support can be enhanced.

8.4.2 Application of the CAPABLE System

8.4.2.1 The Product Description

Figure 8.1 shows an early design configuration of a single steel bridge panel. The
bridge panel was modelled using U-shaped steel beams and solid rectangular steel
plates. The bridge panel was constructed from 14 steel beams (4 horizontal, 8 diagonal
and 2 vertical), 6 steel plates and 8 square slots. The overall dimension of the bridge is
approximately 3m by 2m with an approximate weight of 130kg. Assembling the bridge
panel is a complex task. The number of welding processes required to assemble the
panel requires more than 240 procedural steps. An example of the type of weld is
shown in Figure 8.1. Table 8.1 summarises the description, material types,
requirements and the weight of individual items used in constructing a single steel
bridge panel. Figure 8.2 illustrates the model of a bridge panel with EBoM

(Engineering Bill of Material) configurations and the example product model modelled
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Cell Number

Cell Name

WorkCentres (or Machine
Types)

Operations

8&9
10

11 & 12

13
14
15 &16

17
18-20
21
22

Maintenance
Robot Cell 01

Robot Cell 02
Robot Cell 03 (Bode)
Robot Cell 04

Robot Cell 05
Robot Cell 06
Galvanizing Trailer

Inspection Area
AMT Handling and Drilling
MU Range Panel Drilling

Manual_Weld_Area 01

Pack Saw Area

Robot Small Parts
Material Storage
Weld Cell Transforms

Saw Drill Combind Area 03
Manual Weld Area 02
Handling Area

Beam Processing Area

Maintenance Area
Robot_Deck 01
Robot_Handling (Beams)
Robot_Deck_02
Robot_Handling (Plates)
Robot_Weld_Chord_01
Robot_Weld_Chord_02
Robot_Arc_Gas_Welder
Robot_Arc_Welder
Surface_Coating
Galvanizing
Immerse_Washing
Inspection

Manual Drilling
Panel_Drilling_1
Panel_Dirilling_2
Manual Weld 01
Manual Weld 02
Manual Weld 03
Manual Weld 04

Pack Saw

Manual Weld

Robot_Handling

Robot_Handling

WP_GasMetalArc MIG
WP_GasMetalArc_MIG

SC_Galvanizing
SP_Washing
Inspection
MRM_Manual
MRM_Drilling

Table 8.2: Summary of Mabey & Johnson Shop Floor

Figure 8.4 shows the factory design module as modelled in the CAPABLE system. It

clearly shows the position of individual cells and associated machine types.

Datasheets (see Table 8.3) for robotic handling and welding tools were used to specify

process parameters for the robotic centres, giving a range of tools that would be able to

perform all handling and welding operations.
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calculate manufacturing time and production quality. Resource Modelling is used to
specify process parameters for the selected machining centres i.e. to give a range of
tools which will be able to perform all necessary operations associated with the
product features. Figure 8.5 shows a user interface of the process model in the
CAPABLE system. In particular, it shows different types of welding processes and
highlighted a se.lected process, WP_GasMetalArc_TIG. In order to assemble the bridge
panel at Mabey & Johnson, other types of processes are also available within the
system, these are:

o semi and fully automatic robotic welding,

o manual welding,

o drilling,

¢ surface coating,

e pgalvanising,

e immerse washing and inspection.

Furthermore, the company has also imposed Welding Process Specification (WPS),
Just-in-time (JIT) and Kanban techniques to improve the shop floor efficiency. Each of
the processes and techniques require a high degree of know-how to operate

successfully.
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Final Product
Assembly Sequence

T
A B C DE F

A D
] ]
| | | |
Vertical Beam Horizontal Beam — C Horizontal Beam —
— Left (1 unit) Lower Section (2 units) Upper Section (2 units)
B E
1 |
I ] I ]
A Vertical Beam — Middle D Diagonal Beams (8
Section (1 unit) units)
C F
L |
I i I ]
B Vertical Beamn — Right E Plates (6 units)

(1 unit)

Figure 8.6: Assembly and Subassembly Sequence of a Steel Bridge Panel
8.4.3 Manufacturing Knowledge Acquisition and Reuse

8.4.3.1 Populating Knowledge in the Manufacturing ‘Know-
how’ Knowledge-Based System

The organisational knowledge framework is used to capture manufacturing know-how
in the context of product features, processes and factory resources. The manufacturing
know-how information is presented in the tables as shown in Appendix F. It is
assumed that knowledge acquisition is performed internally by the knowledge experts
within Mabey & Johnson Ltd via interviewing and paper based information. The tables
in Appendix F show two knowledge types: quantitative and qualitative. Whereas, the
knowledge types are further classified into Written and Benchmarking, Observation
and Intuition, Employee Tacit and Experience and Best Practice as explained in
Chapter 6. Figure 8.7, represents the Manufacturing Know-how Knowledge-based
system (KBS). The KBS consists of three parts: (1) the main body of the structure, (2)
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chooses the value ‘always’, axioms tells the system how to interpret the imports
numerically. In this case, the highest possible value is ‘1°. This value will then to be
used by the capability analysis method as described in Section 6.3.5. All of these

experiences can be stored into the KBS as explicit manufacturing know-how.

(exists? Probability

(and
(< (‘Always’? Probability) 1)
(< (‘Frequently’? Probability) 0.75)
(= (‘Never’? Probability) 0.0)
(< (‘Occasionally’? Probability) 0.25)
(< (‘Sometimes’? Probability) 0.5)

)

Figure 8.8: Example Probability Factors Defined by Axioms

Another example is the application of ‘design know_how’ within the
organisation_knowledge know_how. Design knowledge, covering several processes
and resources, was added into the ontology by the knowledge experts. Subsequently,
using the CAPABLE system, a process plan was created using feature-to-process and
process-to-resource mappings which involved the galvanising process. Taking into
account the process parameters (the temperature fluctuation from ambient to 500 °C)
the following critical areas of knowledge were immediately identified and presented to
the designer:
e Explosions always occur if air trapped is in the design, for example a
closed tube.
o If Weldments are present, they should always be designed to avoid acid
traps
o  Flat panels should normally be braced to minimise the risk of distortion
These are a few of the examples of using the KBS to capture the expertise to be reused

and shared within the product development processes.
Figure 8.9 illustrates an example of how the captured knowledge is being transferred

into an XML-formatted file. The next stage of testing involved storing the file into a
distributed PDM System and making it ready to be re-used.
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Figure 8.12 illustrates the knowledge statements related to a specific object termed
Robot_Cell_0 which belongs to a station of a factory. As highlighted in the diagram, in
order to refine a conceptual design:
1. from the CAPABLE system, a designer will invoke the XML Parser within the
data model, for example the factory resource model,
2. the designer will select the XML based knowledge file from the local directory
which is already uploaded from the PDM cabinet, and
3. the knowledge statements will then attach to a particular group of machines,
which can be used for further analysis to enhance the planning process of a
conceptual design. The example shown in Figure 8.12 indicates the resulting
knowledge statements extracted to the CAPABLE System which relate to a
factory (resource) model object ‘Galvanising Trailer’ which belongs to a cell of
“Mabey and Johnson Ltd” factory.
The design engineer is then required to select the relevant knowledge to refine the
design and subsequently run the CAPABLE system to obtain a preliminary process
plan based upon these knowledge factors. If the plan requires review, the prioritised
knowledge factors obtained from capability analysis, highlight the most appropriate
areas of the process plan for improvement based upon the specific instances of
knowledge factors used. If the process plan is acceptable, it is then delivered to the
PDM system for Plan/Review, and subsequently is readied for implementation in an

ERP System for capacity requirements planning.
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planning, thus, the system is able to generate and provide indications of capacity

planning requirements for a longer period of time.

Time Period
Workstations 1. 2 3 4 5 8 7 8 9 10 ToalHous Workstations Percentage (%)
Robot_Deck_01 6 0 0 0 0 0 0 0 0 O 0 0
Robot Handliing (Beams) 12 12 12 95 95 17 17 17 185 185 143 13.6
Robot_Deck_02 0o 06 0 0 0O 0 6 ©0 0 O 0 0
Robot_Handiing (Plates) 6 6 6 © 9 9 95 95 95 95 83 7.9
Robot_Weld_Chord_01 0 0 0 0 0 0 0 O0 0 o ] 0.0
Robot_Weld_Chord_02 0 0 0 0o 0 0 ©0 0 ©0 O 0 0.0
Robot_Arc_Gas_Welder 16 16 16 175 175 175 17 17 20 20 1745 16.6
Robot_Arc_Welder 16 16 16 175 176 1756 17 17 20 20 1745 16.6
Surface_Coating 7 7 7 75 75 75 8 8 9 9 775 7.4
Galvanizing 165 165 165 175 175 1756 17 17 20 20 176 16.8
Immerse_Washing 75 75 75 85 85 85 9 9 10 10 86 82
Inspection 5 5 &5 75 75 75 85 85 95 9§ 735 7.0
Manual Drilling 0 0 0 0 © 0 0 0 0 0 ] 0.0
Panel_Drilling_1 s 5 5 6 6 6 7 7 15 75 62 5.9
Manual Weld 01 0 0 0 0 0 0 0 0 0 0 0 0
Total 91 91 91 101 101 108 110 110 124 124 1050 100

Table 8.4: CRP for a Full Panel

8.4.5 Closing Remarks of Case Study 1

The case study was used to illustrate the concept of bridging the discontinuity in
communicating' early design concept and manufacturability evaluations using a
centralised network configuration (Section 8.4). The case study has demonstrated how
the use of PDM technology can enhance a distributed and collaborative environment to

support the product development process (Section 8.4.3.2).

The case study has also demonstrated how manufacturing knowledge can be
represented using an ontological approach and be reused by an aggregate process
planning system through the application of an automatic data exchange mechanism
(Section 8.4.3). In particular, the case study has demonstrated its performance of
supporting the designers to refine a design at the conceptual stage by adding
manufacturing knowledge into the CAPABLE system to generate alternative early
process plan then use it in an ERP system to obtain and optirﬁised a rough-cut capacity

planning (Section 8.4.4).

Within Mabey & Johnson Ltd, all technical knowledge is tacit and possessed by

experts. However, the methodology demonstrated in this research was used to capture,
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store and re-use this knowledge within the process of collaborative product

development. The case study has demonstrated that:

1. Early collaboration in product design using the WATC methodology can maximise
the opportunity for optimising designs.

2. With the inéreasing of knowledge know-how in product design and manufacturing
capabilities, the application of organisational knowledge-based system coupled
with the aggregate manufacturing modelling method can be used to capture and
maximise the amount of available information when designing customised
products.

3. The integration environment using enterprise technologiés can enhanced the speed
of feedback and used to support decision making and enable the design to be right
first time.

How much lead time can be reduced on new product introduction is difficult to

measure at this stage as the methodology only tested the early stage of product

development processes. Since the knowledge-based system has been created using an
ontological approach, the terms and meanings defined could be further developed into
an industrial standard which would make the derived know-how applicable across

entire production networks.

8.5 CASE STUDY 2: ARVINMERITOR VEHICLE-DOOR-
LATCH

8.5.1 Objectives and Aims

ArvinMeritor Automotive is a large Tier-1 automotive supplier. The investigation of
their concept design and development processes was carried out with the Access
Control Systems division based in Birmingham. The products of this division are
security latches and powered latches for commercial vehicles and cars. The company
designs, produces prototypes and assembles the latches. The actual component
production is carried out by sub-contractors. The tooling for the latch assembly is
supplied by a subcontractor, however the ‘jig’ is designed in-house. In terms of the
manufacturing environment, this industrial collaborator is quite different from Mabey
& Johnson. ArvinMeritor is a global enterprise with different subsidiaries all over the

world including the US, UK, mainland Europe and China. However, as the research
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progressed, the majority of their manufacturing activities were slowly being
outsourced to their Far East and mainland Europe subsidiaries, thus, the plans of the
case study had to be changed. The case study was carried out at their UK branch in

Birmingham and with assistance from their customers and suppliers.

As described previously, Case Study 1 was based on a centralised collaborative
production network which focused on the applications of the CAPABLE system, a
Knowledge-Based System, PDM and ERP. In contrast, this case study reports on the
combination of a de-centralised and a centralised network in collaborative product
development and knowledge management platform for ArvinMeritor and their
customers and suppliers in real-time. The overall aim of Case Study 2 is to prove that
the use of P2P technology is more economically feasible and enables the controlled
sharing of their knowledge with smaller enterprises to form a collaborative network

with larger companies as introduced in Section 7.4.2.

8.5.2 Modelling of a Vehicle-Door-Latch within the CAPABLE

There are over eighty different components in the selected vehicle-door-latch.
However, only a few core components have been selected to demonstrate the research
hypothesis at the conceptual design stage which is shown in Figure 8.17. Figure 8.17
(a) illustrates the EBOM and the conceptual design stage of the product which has
been modelled within the CAPABLE system. Figure 8.17 (b) illustrates a detailed
representation of the selected components. This provides a simplified design without

compromising the features of the support tool.
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document-based and spreadsheet solutions. In addition, the design concept generated
tends to be a generic type of design rather than a specific configuration for a particular
vehicle model. For example, in the conceptual design stages there are different types of
Nissan vehicle-door-latches, the designs tend to be a global family type of products
rather than a specific configuration for a particular vehicle model. As such the aim of
the knowledge acquisition was to classify and transform the knowledge types into a

more generic term.

8.5.4 Utilisations of a Centralised and a De-centralised Networks in
Product Development

It has been recognised that current PLM implementations are document oriented, have
a non-customisable data model and encounter inter-enterprise integration difficulties.
To overcome these problems a hybrid integration methodology using P2P and PLM
teéhnologies has been developed. The overall diagram of P2P and the Product

Development Integration Architecture is shown in Chapter 7.

Figure 8.18 shows the high-level view of the open source server and user interface
architecture. At the lowest layer, it consists of the database. This can be chosen from
the range of relational databases available, and for this test case SAP-DB was utilised
due to its stability, ease of use and close integration with the PHP (Personal Home
Page) scripting language. On top of this layer are the two open source gateways; one is
an Apache web server for serving static and PHP based web pages and the middle tier
is an the Tomcat servlet engine which serves the Java server pages (JSP) based
applications. These three layers (database, web server and application server) form the

server side of the system.
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8.5.6 Testing and Results of Using Peer to Peer in Collaborative

Environment

The results shown in Table 8.6 were tested empirically using the data and a small inter-
enterprise setup. The server was located in Cranfield, and users concurrently created
the new project, generated new concepts and optimised the design gradually from two
remote locations to simulate the collaborative scenario as shown in Figure 8.18. All
ontologies deployed shared a common back end. The applications were tested on
identical hardware with identical configurations and internet connections. The
apparatus were Dell Xeon workstations with 1GB, RAM 15K rpm disks and 1 Mb
internet connection. The operating system was Microsoft Windows 2000 on all
machines. The reason to use 1 Mb internet connection was to minimize the cost of
baindwidth, this was one of the advantages of decentralised network application. The
test suffices for a small scale pilot. The test simulated a small scale virtual enterprise
(VE) setup through from initiating the VE to running the system within the
collaborative network. This setup has a typical VE with a large number of small
servers distributed within a common network, a small number of transactions are
processed at each node. Table 8.6 compares the key features for a collaborative project
environment, these were:

1. Ontology: how easy was it to enter, query, and reuse both the ontology and
domain knowledge within the collaborative group? Since this is common to all
the tools, the only difference was the way in which the ontology was stored
within the different systems.

2. VE setup: how rapidly could the VE be set up and start to operate on all the
remote sites?

3. Deployment time: The time to customise and deploy the entire project
including the project management framework and communications setup.

4. Lifecycle Management: The ability to control the state of a document, manage
versioning and history of the data.

5. Total Cost of Ownership: The costs of licences, implementation, system

integration, training and maintenance.
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8.6

The third requirement is met by de-centralisation: Elimination of centralised
bottlenecks in bandwidth and resources, empowerment of collaborators within
networks to “control” the knowledge they create.

In addition the methodology described, open source can eliminate software
licence costs, a solution to the problem of vendor lock-in in the long term,
elimination of unnecessary complexity and freedom to modify the application.
Platform and application independence: Enable the enterprise to concentrate on

its work and not be tied in to any vendor.

ANALYSIS OF THE CASE STUDIES

The fundamental hypothesis and logic that underpin the product integration

architecture and a hybrid integration methodology have all been validated (Sections

8.4.3.3 and 8.5.5). The experimental results show that:

1.

8.7

The centralised product development integration architecture can support the
communication and translate the design concept and manufacturing scenarios
and the Support of knowledge management method to refine design decisions
(Section 8.4.3.2).

The support of WATC method is able to fulfil and demonstrate a collaborative
environment from customers requested to refine the design concept (Section
8.4.3.3).

The application of the organisational knowledge-based system captures tacit
knowledge and is able to supporf the early design decision (Section 8.4.3.1).
However, PDM systems are inherently centralised, overly complex to set up
and require a long period of time for customisation. As such a hybrid
integration methodology has been fulfilled to prove the usefulness of the
application of P2P (Section 8.5.5).

The hybrid integration method can fulfil the autonomy of smaller enterprises to
create and control their knowledge which would not be possible using the

centralised integration architecture (Section 8.5.6).

SUMMARY

One important aspect is that this research was focused on building a prototype software

environment. The principal objective was to demonstrate the use of internet-based
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communication tools and Web-based technologies to enhance and bridge the gap of

communicating in early product requirements as effectively as possible.

As previously described in Chapter 2, different paradigms have been proposed to
support distributed network environments. All those paradigms however, were
developed during the mid 1990s to early 2000s. Since then Web-based technologies,
enterprise integration systems and data exchange formats have evolved. As such, this
research has proposed and contributed a different approach to deploy an ‘out-of-box’
solution with the utilisation of centralized and de-centralized production networks and
the integration of disparate software systems. It has been proved that the product
development integration architecture provides an alternative framework for using
Web-based technologies in capturing manufacturing knowledge together with
enterprise integration systems and data exchange format to support other software

components in collaborative product developing environments.

Case study 1 used a Bailey’s bridge panel as an example to describe the testing of the
overall product development integration architecture and concluded the advantages of
the applications of Web-based technologies, enterprise integration systems in a
distributed and collaborative product development environment. Furthermore, Case
Study 1 described the use of a process plan based on the assembly sequence of a single
Bailey bridge panel. The application of an open source ERP system was used for
generating a periodical table for capacity requirements planning. Case study 2 used an
automotive door-latch as an example to describe the testing of the combination of
decentralised and centralised production network using the P2P technologies. The
study created a virtual enterprise collaboration to compare the applications of

centralised PDM, pure P2P and SuperPeer.

A new project is under development in open source PLM (Salustri 2006). The
Opensource PLM (OPLM) project aims to provide SMEs with the ability to perform
the needs of current proprietary PLM functions, but, freely available without the
prohibitive resource requirements of the larger systems. In the future version of the
integration architecture, further investigation will be carried out to integrate with this

new open source PLM when it is available.
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9.1 INTRODUCTION

In response to the research hypothesis of bridging the discontinuity of early design
decisions, this research has developed a product development integration architecture
to address a collaborative product development and distributed manufacturing
knowledge environment (Section 7.2). In particular, the support was concerned with
design concepts and manufacturing performance evaluations from the critical early
stages of product development throughout the product life cycle. The research sets
out to support the internet-based process of communicating new product requirements
using PDM, ERP, the development of a data coordination and exchange mechanism
(Section 7.3), knowledge-based systems (Section 6.3) and an aggregate process
planning system (Section 5.3). In addition, the research has also explored the
applications of hybrid P2P networking in a decentralised production network

environment (Section 7.4).

The main focus of this chapter is to discuss the limitations of the techniques leading up
to the construction of the experimental system and its performance. These include the
deployment of Protégé2000 and the development issues using the ontological approach
in manufacturing knowledge ‘know-how’ (Section 6.3.2). In addition, the discussions

will directly address the applications of the PDM system to store XML based
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knowledge to be reused as well as issues in relation to the XML Parser (Section
7.3.2.1). An overall discussion outlines the benefits and the practicalities of the overall
system are also highlighted. Recommendations for process planning and knowledge
ménagement tools are also suggested accordingly. Further recommendations of future
works to enhance the product development integration architecture are also suggested.

Finally this chapter will conclude with a brief review of the overall research.

9.2 DISCUSSION
9.2.1 Existing Work

In response to the main objectives of the research (Section 1.3.2):
e A compfehensive review of published literature has been presented (Chapter
),
e An assessment of PDM systems and an industrial survey of using PDM have
been cafried out (Chapter 3).
¢ The main topics of the investigation and implementation were discussed
(Chapter 5, 6, 7 and 8).
Furthermore, managing manufacturing knowledge in a collaborative and distributive
product development environment was also identified as a key element of this work,
together with the support of enterprise integration systems. In particular, this research
work proposed the application of enterprise integration systems and Web-based
technologies which can bridge the discontinuity of communication within the design
and product development teams. It has also been stated that much of this work relates
to the management of capturing and representing manufacturing knowledge. The
effectiveness of managing design and manufacturing knowledge was also a vital

ingredient for enhancing intuitive collaboration across the distributed enterprise.

9.2.2 Specific Contributions to the Research
The contributions of the research are to enhance the decision support and
manufacturing evaluation throughout the enterprise, these include:
e The translation of product specification into process requirements and the
creation of an organisation knowledge framework (Section 5.2 and Section

6.3).
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o The theoretical definition and formalisation of the concept of a distributed and
collaborative product development and manufacturing knowledge management
was presented and realised (Section 7.1).

e Creating new methods of linking design and manufacturing for the integration
of a collaborative product development to enhance early design communication

(Section 7.3).

This was achieved by developing and making enhancements to the following key

technology components:

1.

The concept of an aggregate product model was realised and enhanced via the
creation of specific capability in welding (Section 5.3.1). A library of aggregate
process modeis has been expanded to cover Bailey’s steel bridge panels and
ArvinMeritor’s vehicle-door-latch assemblies (Section 5.3.2). The aggregate
resource model has been enhanced for the representation of the manufacturing
capability of companies in a distributed enterprise (Section 5.3.3).

The theoretical aspects and applications of a novel methodology for exploiting a
knowledge management editor tool that structures organisational knowledge has
been defined and developed using an ontological approach (Section 6.3). This
approach can be used to elaborate organisational knowledge by defining the
semantics to capture the meaning of the terms and axioms (to define a set of rules
if applicable) and to enhance and encapsulate the way of reusing the knowledge-
based system in a collaborative manner within a production network (Section
6.4.3).

A product development integration architecture has been defined and developed
by linking design and manufacturing domains using Web-based and enterprise
integration technologies (Section 7.2). The significance of using a XML Parser to
support the systems interoperability and data exchange has also been
implemented. A novel “Workflow Activity Task Controller” (WATC)
methodology has been defined to implement the time bdsed integration wrapper
concept in the interactions between generic types of PDM, ERP, knowledge-based
systems and an aggregate process planning system (Section 7.3).

A hybrid P2P framework, which is a subset of the product development
integration architecture, has been defined and developed. This part of the work

was initiated by Cranfield, and the author has contributed to several elements of
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the design such as indexing, security issues, the use of workflows and refining the
connectivity of the infrastructure (Section 7.4). The aim of using P2P is to
demonstrate the use of a decentralised network for product development
collaboration between smaller companies and larger corporations. The framework
also shows a degree of flexibility that can be adapted into different network

configurations (Section 7.4.3).

9.2.3 Data Collection

Meetings with the collaborating companies established that the results were credible.
Acquiring the right kind of data can enhance the accuracy of the experimental system.
The use of technical terms in the work is important too as this can avoid the confusion
of the terms being used in the knowledge-based system. There were two types of data
to be collected from the industrial collaborators. Firstly, the manufacturability of
processes, factory resource and product design information for the CAPABLE System.
Secondly, qualitative and quantitative knowledge via interviews with product

development experts and paper based information.

The format of data for the product model was stated as design features. The
information was presented in the form of an aggregate product model, describing the
product model as a combination of features for a specific type of product. For example,
the work described in this research mainly dealt with Bailey’s steel bridge panels and
ArvinMeritor’s vehicle-door-latch. The data required for the Process model and the
Factory Resource models were well defined and developed by the CAPABLE/Space
project. However, the intention of this work was to develop the CAPABLE system to
enable the system to read and extract XML information as described in Section 5.5 and
Section 7.3.2.1. Further development was to introduce a welding domain into the
aggregate product model, additional assembly processes for the aggregate process

model and factory modelling of plan layouts (Section 5.3).

The information of the additional data for welding and assembly processes were based
on the specification acquired from the industrial collaborators. For instance, the entities
being used to describe the welding processes such as speed of the robotic movement,

travelling distance, temperature, size of the welding cord and so on. The data for this
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work however, was mostly related to the product development stages from concept to

embodiment.

Data acquired for the knowledge-based system was more complicated and sensitive.
Two of the major issues were ‘trust’ and ‘willingness’. Trust was an issue as the
companies may be wary to disclose sensitive information to store into a system to be
shared among other companies. Therefore, the experts had to be willing to share their
knowledge and expertise. However, the research assumed that those issues were
resolved. Knowledge acquired for the system was two-fold i.e. qualitative and
qﬁantitative knowledge, which is known as ‘know-how’ related to product design and

manufacturing at the shop floor level (Section 6.3.1).

In product design, a specific example is knowledge in tolerance studies, where the
working conditions of the relationship of parts are vital. For instance, in designing a
Bailey’s steel bridge panel, issues such as temperature range for expansion allowances,
loading, span-of-bridge and stress factors for design characteristics in structure safety
and yield. Another type of design knowledge is bespoke services, for example,
customisable products or a one-off product requests. The common points of
customised product requirements to be considered within Mabey & Johnson Ltd are
material and reinforced structure, for example, material characteristics of steel plate
and cost justification. Within manufacturing tolerance, issues of material tolerance and
material selection form the basic fundamentals of designing a product. The allowance
of mechanical tolerance in machining such as Saw, Pack, and Cutting processes must

also be considered.

In terms of designing a product that requires design features with access and drainage
involves the galvanising process, the benchmarking of good design for filling, venting
and drainage requires:

e Means for the access and drainage of molten zinc.

o Means for escape of gases from internal compartments (venting).
Manufacturing knowledge on the shop floor is all about knowledge of experience,
techniques and best practice related to production processes and factory resources as
explained in Chapter 5. For instance, both of the industrial collaborators deployed

manufacturing best practice within the shop floor with such practices as Just-in-Time
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(JIT) and Kanban. Other knowledge can be captured, such as experiences of using

equipment and safety procedures.
9.2.4 Overall System Evaluation

The product development integration architecture has been developed to demonstrate
how manufacturing data can be used collaboratively and distributed using the latest
PLM technology. The in-house aggregate process planning system, CAPABLE, has
been further developed to capture data related to the collaborators’ product design,

process capabilities and factory resources.

The process planning system demonstrated the capability of streamlining a company’s
product design at a conceptual level. However, the CAPABLE System was originally
built as a research tool. Further development is needed in order for it to be used as a
commercially applicable software system. The application of a Product Data
Management System (PTC Windchill) proved that it is very effective in terms of
sharing data and documents-based information in a collaborate and distributive
environment. In addition to its versioning control capability, the system enables the
user to locate the latest changes to relevant product information and documents. This is
particularly applicable to companies with complex product ranges as they require
effective control and collaborations with their vendors. The drag and drop user-
friendly workflow function makes the implementation of a company’s workflow
processes quick and easy. For companies such as ArvinMeritor, this technology offers

the flexibility to accommodate their collaborative environment.

During the course of the research, it has been established that the use of a centralised
PDM system would be more beneficial if it is diverted to an alternative approach in
sharing information with smaller companies. The main benefits of this novel approach
can provide the autonomy of sharing data, bandwidth and reduce the cost of deploying
high-end hardware and large scale software systems. As a result of this research, a
p2p networking approach seems to be the future strategy for information sharing and
collaboration between larger corporation and smaller companies. An additional point
that needs to be emphasized is the application of the PDM’s workflow function. A
workflow created using the PDM system can only be used within that particular PDM

native environment. The workflow cannot be reused by a different PDM system. This
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is inflexible in terms of adopting the applications within a collaborative and

distributive environment.

In addition, a XML Parser data exchange mechanism has been implemented to convert
knowledge statements to support process planning in product design decision making.
This methodology has a great deal of benefits if a company is looking for new
technology and a methodology to adopt the concept of enterprise integration. The
limitation of this XML Parser however, is that it is specifically built for exchange of
XML-formatted information for the CAPABLE system. Further enhancement is

needed in order to interoperate with other third party software.

Compiere CMPCS covers all manufacturing activity within the various types of
production environments. The system is not completely developed yet, and there is no
‘out of the box integration’ with other enterprise systems requiring specific application
development to fit it into an existing enterprise environment. The system performance
over low speed dial-up connections is as yet very poor (however the web interface is

usable). It also cannot be deployed with another open source database.

Further software systems have also been evaluated for the development of an
ontological-based knowledge system. The software packages are OntoEdit and
SemanticMiner (www.ontoprise.com). Unlike Protégé2000, OntoEdit and
SemanticMiner are more user friendly, they are not just built for computer scientists
but also for engineers who may require some basic training to understand the concept
of ontology and knowledge-based systems. The software allows integrated inferencing
capabilities, drag and drop semantic mapping, spread sheet import for Microsoft Excel,
as well as database import for SQL, Oracle and DB2. The software is currently used by
companies such as BMW, Cathay Pacific and several smaller American airlines. This
software would be beneficial for companies who are considering building an in-house
knowledge-based system to streamline and support their product design and

manufacturing efficiency as well as to maintain their greatest asset, knowledge.
9.3 RECOMMENDATIONS AND FUTURE WORK

There are several areas that are deemed to be in need of further investigation. The first

concerns the application of the data exchange mechanism in the integration
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architecture. The XML Parser is especially built for the CAPABLE system. Thus, a
generic XML Parser should be built as a stand-alone mechanism that pfovides the
functionality and capabilities of interoperability with third party software system. The
RDF parser is‘designed to run in a Web-browser which can be used to extract
information on both XML and RDF based documents on the client side. However, as
far as the author is aware the support of the RDF parser in the WWW community is
not fully completed yet. As for future work, the research should investigate and
upgrade the apialication of the RDF parser into the product development integration

architecture.

In terms of XML documents, future work should develop a middle-tier software using
XML DML (Data Modification Language) technology to enable users to update the
XML document. XML DML stores XML data in a typed form directly in SQL
statements into a database which creates indices on XML data type columns and
improves database performance. As for the organisational knowledge-based system,
future work is planned to define and embed the next layer of the ontology in “Know-

what” and “Know-why”.

There are a few open source ERP systems available in the current open source
community, these include ERPS5 (www.erp5.org), Opentaps
(www.opentaps.org/index.php),  Fisterra  (www fisterra.org) and  CK-ERP
(www .freshmeat.net/projects/ck-erp/). A new  Opensource PLM (OPLM)
(www.oplm.org/) is also available. In the future version of the integration architecture,
further investigation should be carried out to implement with these new open source

systems.
94 CONCLUSIONS

In this research work, the dissertation has been focused on and paid special
considerations to the proposal of the integration architecture to support collaborative
product development and knowledge distribution in manufacturing industry. The
implementation of these solutions in cooperation with Web-based and various software
supporting systems has been analysed and discussed. The implementation and testing
case studies focused on the early stages of product development. However, the

infrastructure of the integration architecture is also suitable for the latter stages of
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product development providing that suitable software systems are used which can read

and extract XML based information.

With the advancement and capabilities of Web-based technologies, the integration
architecture is also geographically independent and can be used collaboratively and
remotely. The significance of using XML-formatted data to support systems
interoperability and knowledge re-use has been demonstrated. It was also found that
there is no single management tool or data exchange format that can satisfy all
requirements and overcome all the obstacles involved within collaborative product
developing environments. However, the proper application of Web-based
technologies, PLM technologies and other proprietary tools are a means of bridging the
gap between the designs and manufacturing departments for improving the product

development process.

As a result of the theoretical and practical experiences in using ontology and
knowledge management, the research has specified and created an Organisational
Knowledge-Based System compatible with aggregate process planning. With the
development of user-friendly ontology editing software and automatic data exchange
functions, the application of ontological approaches to exchange information across the
WWW is most likely to be an essential aspect of the next generation of global
knowledge management tools. However, there are still issues that need to be addressed
in order for the approach to help and be accepted by the company. For instance; are the
knowledge experts willing to share their expertise? Is the cooperative knowledge safe

to disclose? How is the knowledge being validated?

Finally, the new P2P framework methodology as a subset of the product development
integration architecture is a suitable solution for collaborating enterprises especially
SMEs. The framework can create, manage and reuse their knowledge, as well as
collaborate within Virtual Enterprises easily and without expense. In addition, the
combination of a de-centralised network and client/server is possible through the
application of distributed workflows implementation and enterprise integration

systems’ native workflow function.
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As more and more open source solutions emerge the open source community have
learned that this rapid evolutionary process presents a more flexible approach than the

traditional closed model.
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LET

Mabey and Johnson Ltd, Liley Industrial Design
Estate, UK ,
Knowledge Date ‘Group Owner of KS Probabili Knowledge Statements
Statement Prepared Know Type ty Factor
Type How (default
value)
12/08/03  Design Steve Design 0.75 Designer should bear in mind that soldered or brazed components
Moore important should not be galvanized.
point
Observation 12/08/03  Design Steve Detail 0.75 Detailed design advice is available from Galvanizers Association.
and Intuition Moore Design
12/08/03 Design Steve Design 0.75 Internal and external stiffeners, baffles, diaphragms, gussets etc, the
Moore corners designer should take into account that design of corners should
cropped to aid the flow of molten zinc.
12/08/03  Design Steve Design 0.75
Moore important Considerations to design the steel bridge, issues such as temperature
point range for expansion allowances. Loading, span-of-bridge and stress
factors for design characteristics in structure safety and yield
Em;?loyee 12/08/03  Design David Design 0.75 It is important bear in mind that the steelwork is immersed into a bath
Tacit ?ﬂd Halliday important of molten zinc at a temperature 450 deg.C. Thus, any feature which
Experience point aid the access and drainage of molten zinc will improve the quality of
the coating and reduce costs.
12/08/03 Design David Design 0.75 For complete protection, molten zinc must be able to flow freely to
Halliday important all surfaces of a fabrication.
point
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Mabey and Johnson Ltd, Liley Industrial Design
Estate, UK
Knowledge Date Group Owner of KS Probabili Knowledge Statements
Statement Prepared Know Type ty Factor
Type How (default
value)
2/08/03 Design Steve Design of 0.75 Explosion may occur if air is trapped in the design, for example a
Moore tube tube.
12/08/03  Design Steve weldments  0.75 weldments (weld joints) should be designed to avoid acid traps
Moore
12/08/03 Design Steve Design 0.75 Flat panels should be braced to minimise the risk of distortion
Moore Flat panel
12/08/03  Design David Design 0.75 A fabrication consisting a variety of materials with different surface
' Halliday involves in conditions should be avoided as this could affect uniformity and
Best Practice fabrication appearance of coating in galvanising process.
12/08/03  Design David Design 0.75
Halliday fasteners Design of fasteners to accommodate the thickness of zinc when
galvanizing threaded components, extra clearance must be provided
on the female threads.
12/08/03  Design David Design 075
Halliday overlap In designing components which requires galvanising, overlap
component surfaces should be avoided as far as possible. i.e. if overlaps are
s completely sealed by welding there is a risk of explosion during
dipping due to increased pressure of any entrapped air.
12/08/03  Design David Designand 0.75 Efforts can be made at the design stage to minimise residual
Halliday residual stresses:-
stress @ Controlling welding procedures during fabrication

= Arranging weld seams symmetrically. The size of weld seams
should be kept to minimum.

= Avoiding large changes in structural cross-section which may
increase distortion and thermal stresses in galvanizing
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Mabey and Johnson Ltd, Liley Industrial

Manufacturing Processes

Estate, UK
Knowledge Date Group Owner of KS Probability Factor Knowledge Statements
Statement | Prepared Know Type (default value)
Type How
Product Keith 0.75
12/03/04  Development  Newman All Important points to ensure that:
Processes @ senior managers support benchmarking and are
committed to continuous improvements
& the objectives are clearly defined
= sufficient resources are available to complete
projects within a certain time scale
= - benchmarking teams have a clear picture of
their organisation's performance before
approaching others for comparisons
Written and Product Keith All 0.75
Benchmarki | 12/03/04  Development  Newman Processes It is important to AVOID
ng =  benchmarking for the sake of it

expecting that benchmarking will be quick or
easy

When approaching the process for the first time,
it is worthwhile learning from others who have
built up experience of applying benchmarking
in a comparable way

Focusing entirely on comparisons of
performance measures rather than the processes
and activities that enable the achievement of
good practice.
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Mabey and Johnson Ltd, Liley Industrial

Manufacturing Processes

Estate, UK
Knowledge Date Group Owner of KS Probability Factor Knowledge Statements
Statement | Prepared Know Type (default value)
Type How
Product Keith All 0.75 Benchmarking Process Guide below:
12/03/04  Development ~ Newman Processes 1) Planning
2) Collecting data and information
3) Analysing the findings
Written and 4) Recommendations
Benchmarki | 12/03/04  Galvanising Brian Galvanisi  0.75 Powder Coating is method of adding colour to metal
ng Stahler ng surfaces. Like galvanizing it is carried out under
carefully controlled conditions in a factory. For this
reason the maximum size steel fabrication to be
powder coated will be limited. (see BS
6497:1981(1991) or European standard (EN 13438)
Galvanising Brian Galvanisi 0.75 The galvanizing process is actually quite quick and
12/03/04 Stahler ng virtually anything can be galvanized within 24
hours. If anyone tells you different don't accept it.
12/08/03  Galvanising Brian Galvanisi  0.75 If welding slag is not removed in the cleaning
Observatio Stahler ng process and may result in black bare spots after hot
n and dip galvanising.
Intuition
12/08/03  Galvanising Brian Galvanisi 0.75
Stahler ng Water soluble paint or detachable metal labels can

be used for temporary identification marks on
fabrication.
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Mabey and Johnson Ltd, Liley Industrial

Manufacturing Processes

Estate, UK
Knowledge Date Group Owner of KS Probability Factor Knowledge Statements
Statement | Prepared Know Type (default value)
Type How
12/08/03 EAObOt'C and Andy Galvanisi 0.75 make sure apply Surface Cleaning on Weld joints
anual Welding .
Chiswell ng
12/08/03  Galvanising Brian Galvanisi  0.75 Factors which influence the thickness and
' Stahler ng appearance of the galvanized coating include:
= Chemical composition of the steel
Empioyee e Bath immersion time
) = Bath withdrawal rate
Tacit and «  Steel surf diti
Experience ce’ surtace condition .
s Cold working of steel prior to galvanizing
@ Steel cooling rate
12/08/03  Galvanising Brian Galvanisi  0.75 If certain areas of steel work need to remain
Stahler ng uncoated this can be achieved by masking, using
high temperature tape, grease or paint.
12/08/03  Galvanising Brian Galvanisi  0.75 Clean steel surfaces are an essential requirements for
Stahler ng good hot dip galvanising
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Mabey and Johnson Ltd, Liley Industrial

Manufacturing Processes

Estate, UK
Knowledge Date Group Owner of KS Probability Factor Knowledge Statements
Statement | Prepared Know Type (default value)
Type How
12/08/03  Product Keith 58 0.75 The 58 are housing keeping, workplace
Development =~ Newman organization, cleanup, keep cleanliness and
discipline
12/08/03  Product Keith Demand 0.75
Deveiopment ~ Newman Flow It is a concept to pull raw materials and products
through the process strictly according to the dictates
of customer demand.
12/08/03  Product Keith T 0.75 Just-in-time is a management philosophy that strives
Development ~ Newman to eliminate sources of manufacturing waste by
Best producing the right part in the part place at the right
Practice time
12/08/03  Product Keith Lean 0.75 Lean Business is a set of business practices that
Development ~ Newman  Business eliminates non-value adding. lean business ensures
that the value chain, the set of steps that actually add
value to the desired product is strongly aligned.
12/08/03  Product Keith Six 0.75 Originated from Motorola for total-quality-
Development ~ Newman Sigma management practice on 'zero-defects'.
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Mabey and Johnson Ltd, Liley Industrial

Factory Resources

Estate, UK
Knowledge Date Group Owner of KS Probability Knowledge Statements
Statement Prepared Know How Type Factor
Type (default
value)
Robotic and Andy Robotic Make sure web segment is clean
12/03/04  Manual Chiswell Welding 0.75
Welding important
Robotic and Andy Robotic 0.75 ABB Robots with National Standard E70S-6, 045 1.2 mm
12/03/04  Manual Chiswell Welding weld wire. Also the 045 weld wire size selected is not
Welding important appropriate for parts < 2 mm.
12/08/03  Robotic and Andy Robotic 0.75 The bottom line; when welding parts < 2 mm its imperative
Written and Manual Chiswell Welding the plant uses a 035 or 040 wire.
Benchmarking Welding important
12/08/03  Robotic and Andy Robotic 0.75 Part dimension and TCP control is critical when welding
Manual Chiswell Welding gage applications > 2mm. Typically on parts > 2 mm we
Welding important would deal with weld fusion issues, misplaced welds, weld
profiles and start stops concerns
12/08/03  Robotic and Andy Robotic 0.75 The pulsed "arc length sensitivity" is a serious concern as it
Manual Chiswell Welding makes the pulsed mode unsuitable for most robot welds in
Welding important which high weld speeds > 100 mm/min is a key criteria.
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Mabey and Johnson Ltd, Liley Industrial

Factory Resources

Estate, UK
Knowledge Date Group Owner of KS Probability Knowledge Statements
Statement Prepared Know How Type Factor
Type (default
value)
12/08/03  Robotic and Andy Robotic 0.75 Butt / Fillet gage welds, Lap welds do allow higher weld
Manual Chiswell Welding current as the two thickness combine to absorb the weld heat.
Welding important
Observation | 12/08/03  Robotic and Andy Robotic 0.75 With robot single pass "butt" welds on parts 1.2 to 1.6 mm,
and Intuition Manual Chiswell Welding we typically would require short circuit transfer welds made
Welding important at 150 to 200 amps. For these thin applications it's logical to
use an 035 - 040 wire.
12/08/03  Robotic and Andy Robotic 0.75 For any robot weld application that uses a weld current over
Manual Chiswell Welding 200 amps, rather than use the pulsed mode, advice is the use
Welding important of the high deposition, stable spray transfer mode.
12/08/03  Robotic and Andy Robotic 0.75 With gage parts 1.7 - 1.8 mm, the butt weld current would be
Emplovee Manual Chiswell Welding increased to approx. 200 to 240 amps, again note that lap
ploy Welding important welds will allow higher weld current but it's logical to keep
Tacit and the weld current close to the butt max current to avoid weld
Experience burmn through. Buzt welds on 2 mm parts could be robot
welded using 240 - 280 amps.
12/08/03  Robotic and Andy Robotic 0.75 An 045 MIG wire and argon CO2 mixes requires a minimum
Manual Chiswell Welding of 250 - 260 amps to attain stable spray transfer, most 3/16
Welding important and % fillet welds are welded between 260 and 350 amps.
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