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ABSTRACT
Business environments need to react efficiently and quickly to demand today’s global
markets. The manufacturing industry is an environment that has become more
competitive due to greater demands from the customer. Technology is evolving faster,
and this impacts on the accelerating changing market. Customers no longer require mass
customised goods but want individual high quality products, at reduced costs.
Businesses then feel that in order to remain competitive, they have to cut costs wherever

possible to meet these demands.

This research was initiated by carrying out an extensive literature survey on the current
inter-relationships between Manufacturing Business Improvement Methods (MBIMs).
The chosen subjects have many areas and theories that can be used to assist in the
development of improvement programs. The review highlighted that one particular
improvement concept is lean manufacture. This review carried out an investigation into
the lean environment and assessed many applications of the concept. The literature
survey also highlighted some restrictions to lean thinking. It is been proposed how some
of these limitations can be alleviated by introducing other MBIMs into an integrated

methodology.

The research assesses currently practised MBIMs and reveals that these methodologies
have differentiating relationships, thus producing many types of implementation
strategies. The research resulted in studying the inter-relationships between these
MBIMs including cultural issues surrounding process improvement initiatives, so they
can be unified into an integrated methodology creating a unique strategy that can be

correctly tailored to a chosen environment.

This research outlines a proposed design methodology that involves ten stages of change
including the planning, creating, data collection, analysis and strategic implementation
to apply. The approach flows through the change process systematically highlighting
how to achieve the best outcome. Feedback into the system is also visible. The
proposed design methodology incorporates significant findings from the research, as it
highlights the originality of the amalgamation of both the technical and cultural

transformations, which are two very different aspects, but highly important factors of



change. This research highlights the issues surrounding technical and cultural factors of

change that are the main cause of process improvement failure.

By considering the two factors, a more harmonious approach in implementing the
MBIMs within a company is achieved, therefore resulting in a higher success rate of
change. A number of case studies illustrating the implementation of the proposed design
methodology is also presented to highlight the significance to the manufacturing
industry. Each application has different requirements and gives examples of how the

proposed design methodology is tailored specifically to the application.

The initial case study (interrelationship between the supplier and customer) highlighted
that in order to achieve the ultimate goal lower level projects within the individual

companies would be beneficial in order to succeed across the supply chain.

The second case study (the supplier) concluded that the improvement would be within
the organisation of the work within the cell, the capacity of the production line was
adequate although the demand through the cell was variable and thus impeded the
production rate. To reduce this variation, it was suggested that improvements could be

made by having a multi skilled and flexible team operational within the cell.

The final case study (the customer) had the aim to improve information flow to alleviate
a silo mentality and to improve the whole internal supply chain. This again
demonstrated differing results due to differing requirements but through tailoring of the

proposed design methodology.

The extensive literature review has shown that currently there is no integrated
improvement concept that assesses the current unique business situation and uses a
number of differing subject areas. This proposed design methodology creates a path of
transformation which alleviates cultural issues and resistance to change, it gives the
project team assurance that the right changes are being made in the most efficient
manner, therefore allowing a smoother acceptance to a change initiative program. The
saved time can be better spent on training and culture programs to ensure greater

implementation success. All of these factors aid to reducing the lead-time of a



traditional change improvement program making the manufacturing environment a more

competitive industry.

This unified approach has ensured that a number of strategies that are not currently
synchronised can be implemented successfully. The proposed design methodology will
automatically reduce factors associated to cost and time; as it also portrays as a confident
view for success. The literature review also highlights that the failure rate of
improvement initiative programs is quite high, due to the lack of planning of the cultural
aspects and because technical issues are easier to implement. This proposed design

methodology satisfies two main objectives;

1) An integrated business improvement system that analyses many improvement
concepts

2) Implementing this theoretical design through analysing and evolving cultural aspects



ACKNOWLEDGEMENTS

I would like to express my appreciation and thanks to Mr Richard Dellar, Mr Clive
Simmonds, Mrs Alison Marshall, Mr Kevin Still, Mr Valery Fey Jr and all those at BAE

Systems for their help, cooperation, guidance and inspiration throughout this project.

I would also like to thank all of the staff on the *62 series’ production line for their
assistance and for making me feel welcome, especially Mrs Shirley How and Mr Gordon

Blaike at Amphenol UK.

With sincere gratitude I would like to thank Dr Raj Bhatti, Professor Trevor Spedding
and Dr Matthew Pepper for their continuing support and guidance at differing times

throughout the completion of my PhD.

As well as my family for being supportive, encouraging and giving me the time to

experience the pleasure of undertaking such a task.



AUTHOR’S NOTE

The information presented in this document is the sole and original work of the author,

except where stated by acknowledgement or reference.



TABLE OF CONTENTS

ABSTRACT ...ttt et s s e s s aa e s rb e e e b e e s abaeeaaes 2
ACKNOWLEDGEMENTS ...ttt 5
AUTHOR’S NOTE. ...ttt 6
TABLE OF CONTENTS ...ttt 7
DETAILED TABLE OF CONTENTS .....cooiiiii 8
TABLE OF FIGURES. ...ttt 12
NOMENCLATURE ...ttt 19
CHAPTER | : INTRODUCTION ..ot 21
CHAPTER 2 : LITERATURE REVIEW OF MANUFACTURING

BUSINESS IMPROVEMENTS METHODS........cccccoiiiiniiienie e 26
CHAPTER 3 : PROPOSED DESIGN METHODOLOGY ......cccooceiviiiiiiiiinnen 76
CHAPTER 4 SCASE STUDY 1 ot 123
APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO IMPROVE
SUPPLIER BUYER COMMUNICATION .....cccooviioiiiiiiicccee e 123
CHAPTER 5 SCASESTUDY 2 ..o 137
APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO IMPROVE
THE SUPPLIER’S MANUFACTURING PROCESS ........ccoooiiieeies 137
CHAPTER 6 SCASE STUDY 3 ettt 219
APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO IMPROVE
THE BUYER’S RECEIVING PROCESS ...t 219
CHAPTER 7 s DISCUSSION ...ttt 287
CHAPTER 8 S CONCLUSION ..ottt et sat et s e e 294
CHAPTER 9 : RECOMMENDATIONS FOR FURTHER WORK .................. 297
REFERENCES ... ..ottt e aena e 304
BIBLIOGRAPHY ... oottt et 318
APPENDIX . ...ttt ettt aa s 326



DETAILED TABLE OF CONTENTS

ABSTRAGCT ...c.uuet corencncssnncsssssssssssssessssessssesssssssssssssasesssssssssessasssssassssasasssssssssssssssssasane 2
ACKNOWLEDGEMENTS ...ccoiiniiiiniinnnienienisnncssncsssenssseessanessasessssessanssssassssssssassssansses 5
AUTHORI’S NOTE......uiiiiiiinnninsiicsssiesssssssssisssssssssssssssssssssssassssssssasessasessasessasessssssssasss 6
TABLE OF CONTENTS ....iiniiinniiinnnnisniisssiecssseessssssssscssasessassssassssasssssssssasessasssssassss 7
DETAILED TABLE OF CONTENTS......ccocvttminneecnsinssnnensnisssanssssessanessssssssssssssesens 8
TABLE OF FIGURES .....coicitiiniiinninnnissnsicsssicssssesssssssnsssssssssssssssssssssesssssssasssssssssasess 12
NOMENCLATURE ... creriniicsininsnissssssssssssssssssssscssasssssssssssessasssssassssnssssssssasessasessssess 19
CHAPTER1 : INTRODUCTION ..cueivvvnnnssnesssnsesseeccssncssseessanssssssssassssssssssassans 21
1.1 Chapter INtroduction ..........cueeeiienecnsencnecsecsecsncsnnccnneasaese . .21
1.2  Literature Background.................. w21
1.3  Industrial Background......................... . w22
1.4  Research Scope.........ceervvvenssencsuenenns . w24
1.5  Research ODJECtiVES ....coccvvicnrcssiissnnisressnesenssnnssnssssssnssssessascssessssssnssnsssasssasssns 24
1.6  ReSearch AQIS ......cciiiineicnsnnisciiisssnsiesssssssssssenesssssssssansesssnsassssssessssssssssssesssnases 25
1.7  Research PhiloSOPRY .......ccoviicnieiciiissnrenseicssenisinessnncssnensanensanecsanessasessasesnes 25
1.8  Chapter SUMMATY ...ccccceviensnnssnsssersssessssreessssessenssssssssssessasessanssssssssssessassssssessas 25
CHAPTER 2 : LITERATURE REVIEW OF MANUFACTURING
BUSINESS IMPROVEMENTS METHODS .......coiininiinniennniinsniensnnssssssansssnnns 26
2.1 Chapter INtroduction .......iiceeeeeciccssssecscssssssersosssssssnecssssssrasssssssssecsssssssecsssssssses 26
2.2  An Overview of Manufacturing Business Improvements Methods............. 26
2.3 Lean Manufacturing ......c..ciuicnnccsssccssncosssnssssssssasssssssssassssasssssossssossssossssesssses 29
2.3.1 The Evolution of Lean Manufacture...............c.ocooveoieiinienineieiieeceecieene 29
232 The Lean ENVIrONMENT .........cooiiiiiiiiiiiiicnicecteetee et e 30
233 Applications of Lean Thinking..........cccccevviiieoieiiiniinienieieneeeee e 31
234 Restrictions of Lean Manufacturing ..........cocccooveeviiiieeeinneenieenieeeeeeeceene 40
235 Lean Manufacturing SUMMATY ............cccviiiiiiiiiiiiii et et 43
2.4  Eliminating Lean Limitations .........ccceceeeerrnneecsneecsenens 44
24.1 Agile Production .........cccoooieiiiiiiiiiiiiic e 44
242 Supply Chain Management...............ccooeeiiiiiiiiiiireiie et 49
243 SIX SIZIMA. .ttt ettt e s st b e e b s aees 52
244 Simulation Modelling ........c.cccooiiiiiiiiiiiiiiiie et 56
245 Implementation Management ..........c.ceeourereieiieeiiririeieeneeeseesnre e sseseeesreesieas 59
246 Cultural Change ...........occviiiiiiiiie et ettt st 66
2.4.7 SUIMIMATY ..ottt e ettt e e e te e e s e e e s entseeeesssaeeannees 69



2.5 Literature Review SUIMMATY ......cecccneienicssseesssssessssassssssssssssssssssssssose .69

2.6 TheSis LaAYOUL....cccoverruicrnnrenierennsisssessessuisssssesssessesseossessasssssssssssssasssosssssassnsssane 74
2.7  Chapter SUIMMATY ....cccovecrseenseerisarcssseccsnncssnsssssssssssssasssssane 75
CHAPTER3 : PROPOSED DESIGN METHODOLOGY ....ccccceeevueescnresnneces 76
31 Chapter INtroduction ........eeeeeiiiiniiisincssnnssnecssnncssnscssssessassssassssassssssssssssssae 76
3.2  Conceptual Integration ...........ceeecccseccssecssssescssessarasssneens . 76
3.3  Proposed methodology development...........ceceeeereenssnecssnnessnsessnessnncsacessacens 83
3.3.1 Stage 1 — Project ANNMENt ........cccociviiiriiniiiienienieiei et seeee e 88
332 Stage 2 — Planning the Measurements ..............cccooivviiniinenieniiciieeeicneene 91
333 Stage 3 - Recording the Information and Defining the Current State............... 96

334 Stage 4 — Analysing the Technical Data and Defining the Technical Future State

.......................................................................................................................... 99
335 Stage 5 — Improving the Results and Defining the Optimum Technical Future
] 7 1 (= OO U SRRSO PIPTPRN 103
33.6 Stage 6 — Analysing the Cultural Data and Defining the Overall Future
AL . . et et e et e ettt e sttt e e e e st ee s ee e b e e e enaaaee 105
3.3.7 Stage 7 — Create a Strategic Plan..........cccccocoiiiiiiniiniiieceeeee 108
338 Stage 8 — Implement the Strategy .........coceevviiiiiiiiiiiii e 111
339 Stage 9 — Measure the Results of the Progress ..........ccocccoviiiiiiiiiini, 114
3.3.10 Stage 10 — Control the Project to Sustain .............ccocccoveiiiiiiniiiie, 116
3.4  Research JUStIfiCation ..........ccccvvcccnssiscnssnssensaissscssisssssassssssesssssassssssssssnsasnns 119
3.5  Proposed methodology SUMMATY .......cccceereerresanccnesaeseneessasssassssssonsssasssnsases 121
3.6 Chapter SUMIMATY c..ccciiiniciniciiiiniicniinnnneereserssseessseesssecssssesssessssssssssesssassanass 122
CHAPTER4 P CASE STUDY 1 uoiiiiiiiisvncnscsnsssssnssssssessassansssssssssssssssssssns 123
APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO
IMPROVE SUPPLIER - BUYER COMMUNICATION ..... 123
4.1  Chapter INtroduction.........cccceeeceecreecseenseecsaccseecsseessecssnssanssene . 123
4.2  Methodology AppProach ..........eceecveeceeeecreerecrnessesssessenes 123
4.3 COMPANY OVEIVIEW ....cccernriecreerrecssecsnssnsssnsssnsssssssssssasssssssassssssssssssssssasssasssses 124
4.3.1 The supplier — Amphenol UK Operations, ...........cceeeeereereceeericeseneeserenenens 124
432 The buyer — BAE Systems, Rochester..........c.ccccocoviiiiiiiiiciiieeeceee 124
4.4  Methodology APPLICAtION ......cecoeerrrseerenneeseenrenseensenseesaseseessessssenaes e 125
4.4.1 Stage 1 — Project Alignment ............cocoooiiiiiiiiiiiie e 125
442 Stage 2 - Planning the Measurements...........c.cccooveeiiiiiiiiiiieeiciceve e 132
4.5 Methodology Application Discussion ...........cceeeeeveessueeneee 135



4.6  Methodology Justification through Application............ccccieeniniccnsccccnnc 136

4.7  Chapter SUIMMATY ...cecceeeeereresesseressesessssssssasssansssssssssssssssssssssesssssssssssesnssssssses 136
CHAPTER 5 t CASE STUDY 2 ..cociicvnrnnnniecsccsssnstecsssssansessssssssssssssnsssscsssosanaene 137
APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO
IMPROVE THE SUPPLIER’S MANUFACTURING PROCESS 137
5.1 Chapter INtroduction .......oveeeiiiennennsennesennenensnseesscssesseseesseseeseesessesasssssasss 137
5.2  Methodology APProach ....eeecinninnninnnnenieinnnecseesncsanecseessnsasasssasssacsnsasses 137
5.3 Company Overview.............. ceesesssrsnessrnsssssnnsssssssesssssssssnnsas 138
5.4  Methodology Application ............ tersesssrsnsssessesssssnssssasasssasaressnnaes 138
54.1 Stage 1 — Project AlINMENt........ccocoiviimiiniiiiiee e 138
542 Stage 2 Planning the Measurements...........ccocooiieiiiiiiiniiiii s 148
543 Stage 3 — Recording the Information and Defining the Current State............. 158

544 Stage 4 — Analysing the Technical Data and Defining the Technical Future State

........................................................................................................................ 173
545 Stage 3 — Recording the Information and Defining the Current State............ 174
54.6 Stage 3 — Recording the Information and Defining the Current State............. 177

54.7 Stage 4 — Analysing the Technical Data and Defining the Technical Future State

54.8 Stage 5 — Improving the Results and Defining the Optimum Technical Future
SEALE et 201
549 Stage 6 — Analysing the cultural data and Defining the Overall Future

AL, . .o ettt ettt e et e e st e ettt e et bt e e bt e e e e nte e e e bt e e s b bt e e eabre e e e nn et e e nnte e senneeeeeane 208
54.10 Stage 7 — Create a strategic plan...........ccocceoviiiiiiiineiniiiieece e 215
5.5  Methodology Application Discussion cerresssssstessnnnsssssstessssssesnsassesennase 216
5.6  Methodology Justification through Application............cccceeccureeceecrnecsaneene 218
5.7  Chapter Summary . veeveessrensesenns «..218
CHAPTER 6 : CASE STUDY 3...vrriviinrinnsnvressvssssnnns .219
APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO
IMPROVE THE BUYER’S RECEIVING PROCESS.......cccceninsensumnsrecseicsuicsanssnnas 219
6.1 Chapter Introduction...........cceoeeeecrcsecsscseecesnsesese cessssesssrsnnssssssssennes 219
6.2  Methodology Approach ...................... tessesensesentssentesestessstessssessasssssnes 219
6.3 ComPAanY OVEIVIEW .....uuiiirrcseecresncsssnnecsssnsesssassecsssanssssssssesssassssssssssssssessssssssses 220
6.4  Methodology Application ... cessesesessensssens 220
6.4.1 Stage 1 — Project AIZNMENt .........ccceciiriiiiieiiieiieeee et ceree s 220
6.4.2 Stage 2 - Planning the Measurements...............coccoiiieerieiniernenie e 228

10.



6.4.3 Stage 3 — Recording the Information and Defining the Current State............. 234
6.44 Stage 4 — Analysing the Technical Data and Defining the Technical Future State

........................................................................................................................ 248
6.4.5 Stage 5 — Improving the Results and Defining the Optimum Technical Future
¥ 11U U SO U PP U U PO UPTUUURPPRUPRPPOt 265
6.4.6 Stage 6 — Analysing the cultural data and Defining the Overall Future
N 7 L (S SO OSSOSO P PPPPPPRUROP 266
6.4.7 Stage 7 — Create a strategiC plan.........c...coievveeiiiiiiiiiiiin e 271
6.4.8 Stage 8 — Implement the Strategy ...........cccooiiiiiiiiiiiiiiiii e 283
6.5  Methodology Application DiSCUSSION ......ccuveeevuiiiiiecniicsseiiseecsensseessssecssns 284
6.6  Methodology Justification through Application................cuueeuee... .. 285
6.7  Chapter SUMMMATY .....cccccveecsrncsssncsssncssseesssessssnosssenssssssssnsssssssssasssssssssnssssasssoness 285
CHAPTER7 : DISCUSSION ..cuuiiitinininniissnissssissssscsssnsssssssssssssassssssssssssssssoses 287
7.1 Chapter INtroduction.........cceieciicsisssseccscsssssssssesssssessssssnssssarsssssssssssssssasasses 287
7.2  Discussion........... teseessssnesssntesensesssannessssstsssnntsssantsessstssssssttssessasesssssssssaseses 287
7.3  Chapter Summary..... . .293
CHAPTER 8 : CONCLUSION ceeessssessasese 294
8.1 Chapter INtroduction .........ccuceeicenniiennniiccssneenssesssssssessssssssssssssssssssssssssssss 294
8.2  CONCIUSION....cceeirverirrrisrrnssnisstissssissensssiessstssssnsosossssssssssessssssssssssssesssssesssssssses 294
8.3  Chapter SUIMMATY ....cccccvvreiissrerssssnressssssssssssssssssssssassssssassesssassssssssssssssssssasssses 296
CHAPTER9 : RECOMMENDATIONS FOR FURTHER WORK............. 297
9.1 Chapter INtroduction.........ceeieerceeerceecrsseeecssrecsssnnecssaseesssssessssssssssssesssssssssse 297
9.2  Case study appliCationS......coieicriireerecsaerencseesaeesaessecsessanessessessesssesesssassasesasnss 297
9.3  Developing Areas within Lean Manufacture............ccccceeeceeeeerrncereescneesaeces 297
9.4  Leagile Systems Possibilities.........cceceruerreeraerncsaerencsacsaessacsaesessacssseseesasesasnnes 298
9.5  Topics to Develop within Supply Chain Management .. 299
9.6 Research Issues within Six Sigma................ 300
9.7  Potential Research within Discrete Event Simulation Modelling.............. 300
9.8  Perspectives within Management Techniques......c.c.ccceeeereenreereerrecseesaneseenes 301
9.9  Prospective Manufacturing Environments for Implementation ............... 302
9.10 Potential Future Research beyond the scope of this Investigation............. 302
9.11 Chapter Summary ceessessssnesssrnsssssatesssnsisssratesssnatessnnsessssasessns 303
REFERENCES.....coiiinnannnncssncssisssisssnsssnsssnsssnsssnsssasssssssanssssesassssassssssssassassssssses 304
BIBLIOGRAPHY .. ..cuuoiieiiiiniieicsrssncssessnsssssssssnssssssacsonsssassassasssessasssassassassssssasssnass 318
APPENDIX .cciiit miiiiinnnissnisssesssnssssssssasanesssssssessnessseessesssassasesssessassssesssesssssssessaese 326

11.



TABLE OF FIGURES

CHAPTER 1
Figure 1.1: A diagram of the research progression...........cocoeoiiiiiii, 23
CHAPTER 2
Figure 2.1: The process orientation driVe ............ccoceuiiiiiiiminiec s 28
Figure 2.2: The different levels of mapping through lean thinking ... 31
Figure 2.3: The Strategic Change Program..............cocoeiiiiiiinii, 32
Figure 2.4: A framework for INtegration. ............cooooiiiiiiiiiiiii e 33
Figure 2.5: An eight step strategy for implementation .............ococooveiiiininiii 34
Figure 2.6: Similarities between the automotive and aerospace industries ...............ccocoeeines 35
Figure 2.7: The business improvement house from BAE Systems.........c.c.oooniinn 37
Figure 2.8: Automotive CUStOMISAtION. .......cooviiiuiiriietitiie ettt 38
Figure 2.9: The lean iceberg model ..o 39
Figure 2.10: How lean manufacture is not always applicable to all manufacturing Industries .. 40
Figure 2.11: The forces opposing and driving a change to ‘lean’......................coiinnnnn, 41
Figure 2.12: Lean and agile product profiles ..o 43
Figure 2.13: Categorical differences in mass, lean, agile and real agile manufacturing............. 45
Figure 2.14: A framework for achieving agility ..........ccccoccooininiii 46
Figure 2.15: Supply chain strategies with a stockholding decoupling point..........ccccouveninnnee. 48
Figure 2.16: Rationalising the Supplier Base ..........ccccveoiriiiniiiiiiiiiiccct e 50
Figure 2.17: The SCOR mMOdEl ........ocoiiiiiiii e 51
Figure 2.18: The SCOR roadmap .........cccocuiiiiiiiiiiiicicet ettt 51
Figure 2.19: The definition of the DMAIC Process...........ccocceiuiimiiniinniineiic e s 53
Figure 2.20: The definition of the DMADYV Process.........coceecuiiiiiniiiniecienecriec e 54
Figure 2.21: The interaction of six sigma and lean thinking ...........c.cccoceeviienniniinniiniinenn 55
Figure 2.22: A route map for integrating leanness and agility.............occoeeereeneninieninnnncenenn 61
Figure 2.23: Additional tools, techniques and activities to be used in the model...................... 61
Figure 2.24: Driving corporate strategy through the supply chain (De Toni and Tonchia, 2002)
............................................................................................................................................ 62
Figure 2.25: A model of organizational culture and empowerment on change management..... 65
Figure 2.26: Findings for Trompaneers and Hampden-Turner cited in Finlay (2000) ............... 69
Figure 2.27: Summary of the inter-relationships between the MBIMS .......c..ccccoenincveniiinnn 71
Figure 2.28: The Interaction of manufacturing business improvement methods........................ 74
CHAPTER 3
Figure 3.1: MBIM ClassifiCation..........cc.ccooiiiiiiiiiiiiieis ettt eveeeveeeae e 77

12.



Figure 3.2: The paralle]l continuum Of CONCEPLS. ..o 78

Figure 3.3: Conceptual integration of MBIMS ... 78
Figure 3.4: Concept integration trZEETS ......cocourriiniiiniieiiiiciie s 80
Figure 3.5: A structured framework of the conceptual integration of MBIMs........................ 84
Figure 3.6: The feedback and communication key used in the proposed methodology ............ 87
Figure 3.7: Stage 1 of the proposed methodology ..........ccccoooiiiiiii 89
Figure 3.8: Stage 2 of the proposed methodology. ... 94
Figure 3.9: Stage 3 of the proposed methodology .............cociniii 97
Figure 3.10: Stage 4 of the proposed methodology ..o 101
Figure 3.11: Stage 5 of the proposed methodology ..........oovviviiemiinniciii 104
Figure 3.12: Stage 6 of the proposed methodology ... 107
Figure 3.13: Stage 7 of the proposed methodology ..o 110
Figure 3.14: Stage 8 of the proposed methodology ... 113
Figure 3.15: Stage 9 of the proposed methodology ... 115
Figure 3.16: Stage 10 of the proposed methodology ..........cooiiiiinniiiiii 118
Figure 3.17: Matrix of existing frameworks against the design proposed methodology.......... 120
CHAPTER 4

Figure 4.1: Stage 1 heading of the proposed methodology............ccceviiiiiiiniininen 125
Figure 4.2: Stage 1, Section [ of the proposed methodology ... 126
Figure 4.3: SWOT analysis for case study 1...........coccooiiiiii e 127
Figure 4.4: Stage 1, Section II of the proposed methodology...........cccceceviviiiiiiii, 127
Figure 4.5: Stage 1, Section III of the proposed methodology ..........cccccoviniiiiniiiiiiininne. 128
Figure 4.6: The assumed proposed methodology Structure ..............cccceooeeiiiiiiiiiineniennnne. 129

Figure 4.7: The top level project plan of the methodology application across all case studies.130

Figure 4.8: Stage 1, Section IV of the proposed methodology ...........ccccovviiiiiiiiniininne. 129
Figure 4.9: Stage 1, Section V of the proposed methodology .............ccooiiiinnnniiis 131
Figure 4.10: Stage 1, Section VI of the proposed methodology ............cccccooiiiiini 131
Figure 4.11: Stage 1 output of the proposed methodology. ............ccccoeiniiiiii, 132
Figure 4.12: Stage 2 heading of the proposed methodology..........cccoeveiveeriiciiiiiininiiin, 132
Figure 4.13: Stage 2, Section I of the proposed methodology ..........ccccocoviviiiiiiiiininnnnn 133
Figure 4.14: Stage 2, Sections II and III of the proposed methodology .............ccoceeeiininn. 134
Figure 4.15: Stage 2, Sections IV and V of the proposed methodology ..............c.c.cc..oo 135
CHAPTER 5

Figure 5.1: Stage 1 heading of the proposed methodology............cccooiiiiiiniiiiiiii, 138
Figure 5.2: Stage 1, Section I of the proposed methodology...........c.cccociviiiiii, 139

13.



Figure 5.3: The SWOT analysis of Amphenol, UK..........ccooo, 140

Figure 5.4: Stage 1, Section 1I of the proposed methodology ..o, 141
Figure 5.5: Stage 1, Section III of the proposed methodology ..., 142
Figure 5.6: Stage 1, Section 1V of the proposed methodology ..............cocvviriiiininniennnen, 143
Figure 5.7: Stage 1, Section V of the proposed methodology ..., 144
Figure 5.8: The current state flow of the '62 Series’ ... 145
Figure 5.9: The cultural current state at Amphenol ... 146
Figure 5.10: Stage 1, Section VI of the proposed methodology ............cooeeiiiiinniiniinn. 147
Figure 5.11: Stage 1 output of the proposed methodology ............cooveeiiiiiiiiniinine 147
Figure 5.12: Stage 2 heading of the proposed methodology...........c.ccoooiiiniiiiinniiniie, 148
Figure 5. 13: Stage 2, Section I of the proposed methodology. ..., 148
Figure 5. 14: Stage 2, Section II of the proposed methodology..............cccooviiiiiiin. 149
Figure 5. 15: The checklist of the applicability of the initial detailed metric requirements ..... 150
Figure 5. 16: Stage 2, Section III of the proposed methodology ............cccooeiiiiiinn 150
Figure 5. 17: The checklist of the applicability of the further detailed metric requirements.... 151
Figure 5. 18: Stage 2, Section IV of the proposed methodology .............cccccovvviiiiiiiiiennn 152
Figure 5. 19: The checklist of the applicability of the holistic metric requirements ................ 152
Figure 5.20: Stage 2, Section V of the proposed methodology ... 153
Figure 5.21: Stage 2, Sections VI and VII of the proposed methodology ...........ccocennienncnnne 155
Figure 5.22: Stage 2, Section VIII of the proposed methodology ...........c.cccocoiiiiinninninn 155
Figure 5.23: Stage 2 output of the proposed methodology ............coceviiiniiniiiiiiiiiii 156
Figure 5. 24: The timescale of the data collection plan ..........c..ccccoecrviirininiininniicn, 157
Figure 5. 25: Stage 3 heading of the proposed methodology..........cccocerievineniiiiiiiiene 158
Figure 5. 26: Stage 3, Section I of the proposed methodology ..........cccceveeriiniiniiiiinninnene. 158
Figure 5. 27: Stage 3, Section II of the proposed methodology.........cc.c.ccoceecinininciininicnennne. 159
Figure 5. 28: The current state map after some data has been collected..............cccccoveevininnne. 161
Figure 5. 29: The coding, oven cure and air cure processes analysed after observation .......... 162
Figure 5. 30: The staking process analysed after observation. .........c.eccevveiecenieiineencnennns 163
Figure 5. 31: The spaghetti diagram of the process flow...........cocoiverirriiiiiiiie e 164
Figure 5. 32: The spaghetti diagram of the product flow............cccoocveviiiiiiiieiciinniceeiee e 165
Figure 5. 33: The spaghetti diagram of the operator flow. .........c..ccocrviniiiiiiiiiinnee 165
Figure 5. 34: The current state culture classification ..............cocccoeviiiiniciiene s 168
Figure 5. 35: Stage 3, Section III of the proposed methodology ............ccccoveeiniiicniniiiinns 169
Figure 5. 36: The screen of the simulation model .............cccoeeiiiiiiiiieiiiii e, 170
Figure 5. 37: Stage 3, Section IV of the proposed methodology ............ccccoeviniiiiiiiininnn, 171
Figure 5. 38: Stage 3, Section V of the proposed methodology ...........cccocveieiincniniiiicnncnens 172
Figure 5. 39: Stage 3 output of the proposed methodology .............cccuveeieiieiieeiiccenecceeiens 172

14.



Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure S.
Figure 5.
Figure 5.
Figure §.
Figure 5.
Figure 5.
Figure 5.

40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
71:
72:
73:
74:
75:
76:

Stage 4 heading of the proposed methodology.............c.ccovniiniiiniiin, 173
Stage 4, Section I of the proposed methodology ............ccccconiiiiiniiiiiniiniininens 173
Stage 4, Section 1I of the proposed methodology.........ccececvevemnienenciinienincnaens 174
Stage 3, Section IV of the proposed methodology ...........cccccovieceniiiiiecicncnn. 175
Stage 3, Section V of the proposed methodology ............ccccooiiiininiiiiinnnenn 176
Stage 3 output of the proposed methodology ..........coccoiiiiiiiiiniiniini 177
Stage 3 heading of the proposed methodology.........c...c..coccniniiiniiie, 177
Stage 3, Section | of the proposed methodology ..........cc.ccooevriiiiiniiiiiiiiinnnn, 177
Stage 3, Section II of the proposed methodology...........cccceeenenieniniiiinnnnne. 178
The updated current State Map..............ccoovoiiiiiiiiiiiiii e 180
Stage 3, Section II1 of the proposed methodology ..........cccceevveviiiiiiiiviiiiincee. 182
The simulation model screen of the current state.............ccooccovviiiiiiniinne 183
Stage 3, Section IV of the proposed methodology ............cecovveeiciiiiciinicncnnee. 185
Stage 3, Section IV of the proposed methodology ........cccceeceviiiniiniiiiiiiienen, 186
Stage 3 output of the proposed methodology ............cccceviiiiiiiiiiiiiii, 186
Stage 4 heading of the proposed methodology...........cccoeieriiiiiiiiiiiiiiiecn, 186
Stage 4, Section I of the proposed methodology .........ccccevievvriiiieiinciiieie, 187
Stage 4, Section II of the proposed methodology..........cccceveiviieiiiniencineceina, 194
Stage 4, Section III of the proposed methodology ..........cccccevvveiriieiiieieinnene, 195
Stage 4, Section IV of the proposed methodology .............ccceeiiiiiiiiinciiiniennnne, 195
Stage 4, Section V of the proposed methodology ............ccccceeviviieceiiivieiiine, 198
The technical future state Map..........cccceeveeieieirecieseeec e 199
Stage 4, Section VI of the proposed methodology .............cccceoevrvvievicveerececnnnens 198
Stage 4, Section VII of the proposed methodology..............ccccceevevenveeeieeennnn.. 200
Stage 4, Section VIII of the proposed methodology ...............occoovvveevevviiceenne. 200
Stage 4 output of the proposed methodology ...........ccecevveveevivviveeeieieiciceeee 201
Stage 5 heading of the proposed methodology..............c.ccocoevviiiiiviicececeeee, 201
Stage 5, Section I of the proposed methodology ................cccoevevieviiiiiiicee. 202
The future state simulation mode routing.............co..cocvveeeereiioeineeceeeeeenne, 203
Stage 5, Section II of the proposed methodology..........cc..eeveveviiiioiiieiiiieiinen 203
Stage 5, Section III of the proposed methodology ............ccovevveveeviceieeieennnen... 204
Stage 5, Section IV of the proposed methodology ............cccoceeiieiiiecriiecnnee, 205
Stage 5, Section V of the proposed methodology ..............ccccoevevvemiiciiecinen. 205
Stage 5 output of the proposed methodology ..........c.ccoceeeeiienierieiiiiiieee e 206
A table of the data benchmarked throughout the application.............................. 207
Stage 6 heading of the proposed methodology................c.ccovvveviieiieeeiiienee 208
Stage 6, Section I of the proposed methodology ............ccceeeeveeevceccicviiiennnee. 208

15.



Figure 5. 77: Stage 6, Section 1I of the proposed methodology...........ccooeviviiiiiinniin 208
Figure 5. 78: Stage 6, Section III of the proposed methodology ..., 210
Figure 5. 79: The current cultural environment and the future cultural aims ........................... 213
Figure 5. 80: Stage 6, Section IV of the proposed methodology ............cooviiivinninniinn, 213
Figure 5. 81: Stage 6, Sections V, VI and the output of the proposed methodology................. 214
Figure 5. 82: The optimum future state theOry ...........cooiiiiiiiiii 215
Figure 5. 83: Stage 7 heading of the proposed methodology.............cconiiiiiiinnniiinn 215
Figure 5. 84: Stage 7, Section I of the proposed methodology ..., 216
CHAPTER 6

Figure 6.1: Stage 1 heading of the proposed methodology.............c..cooooiii 221
Figure 6.2: Stage 1, Section I of the proposed methodology ..o, 221
Figure 6.3: The SWOT analysis of BAE Systems ............cooooiiiiiinie 222
Figure 6.4: Stage 1, Section II of the proposed methodology ..o, 223
Figure 6.5: Stage 1, Section III of the proposed methodology .............ccoeiiiiiinnnniien, 223
Figure 6.6: Stage 1, Section IV of the proposed methodology ..., 224
Figure 6.7: Stage 1, Section V of the proposed methodology ..............ccccoiiininiiiinne, 225
Figure 6.8: The current state map of the TeCEIVING PrOCESS .........coeerieuiiiiiiniieiiii s 225
Figure 6.9: Stage 1, Section VI of the proposed methodology ..., 226
Figure 6.10: Stage 1 output of the proposed methodology ...............ccooiiiiiiiiii 226
Figure 6.11: The current cultural state within the receiving processes. ...........cccoceevvieiiviiiniennn 227
Figure 6.12: Stage 2 heading and Section I of the proposed methodology.....................coi 228
Figure 6.13: Stage 2, Section II of the proposed methodology..............ccccoeiniiinn, 228
Figure 6.14: The checklist of the applicability of the initial detailed metric requirements ........ 229
Figure 6.15: Stage 2, Section III of the proposed methodology ............cccccvviiiiiiiniiiiininiin, 230
Figure 6.16: The checklist of the applicability of the further detailed metric requirements....... 231
Figure 6.17: Stage 2, Section IV of the proposed methodology ..........ccccoooeviiiiiii 231
Figure 6.18: The checklist of the applicability of the holistic metric requirements ................... 232
Figure 6.19: Stage 2, Section V of the proposed methodology ...........cccocvviniiiii 232
Figure 6.20: Stage 2, Sections VI and VII of the proposed methodology ..........ccccceevveiiinnnne. 233
Figure 6.21: Stage 2, Section VIII and the output of the proposed methodology...................... 233
Figure 6.22: Stage 3 heading and Section I of the proposed methodology...........c..cccceiiiiinin. 234
Figure 6.23: Stage 3, Section II of the proposed methodology.............c.cooiviiniinii, 234
Figure 6.24: Acquiring material required for production ...........cc..cceceiiiiiinnienieenin i 236
Figure 6.25: Receipt and processing of procured g00ds.........c.cuivueerieriiiriinniccieeieneecreeeeenne 237
Figure 6.26: Goods receiving take receipt of material............ccoceeviriivennennncniiiineeeceee. 238
Figure 6.27: Goods required for production build ............ccocooeriiiiiiiiiini 239

16.



Figure 6.28:
Figure 6.29:
Figure 6.30:
Figure 6.31:
Figure 6.32:
Figure 6.33:
Figure 6.34:
Figure 6.35:
Figure 6.36:
Figure 6.37:
Figure 6.38:
Figure 6.39:
Figure 6.40:
Figure 6.41:
Figure 6.42:
Figure 6.43:
Figure 6.44:
Figure 6.45:
Figure 6.46:
Figure 6.47:
Figure 6.48:
Figure 6.49:
Figure 6.50:
Figure 6.51:
Figure 6.52:
Figure 6.53:
Figure 6.54:
Figure 6.55:
Figure 6.56:
Figure 6.57:
Figure 6.58:
Figure 6.59:
Figure 6.60:
Figure 6.61:
Figure 6.62:
Figure 6.63:
Figure 6.64:

Goods passed to appropriate warehouse Store ..., 240

Goods 'for the attention Of ..........cccooiriiiiiiiniiii e 241
Units returned fOr TEPAIT .........ooviiiiiiiiieiice ettt e e 241
Stage 3, Section IV of the proposed methodology ..., 242
PAM created for the receiving processes of material.............ccooceviiiiiniininne 243
The current state culture classification.............occeeoiiiiiniiniiiiie e 246
Stage 3, Section V of the proposed methodology .........ccccecoviiiiiiiii 246
Stage 3 output of the proposed methodology ............ccoveiiiiiiiiiiiii 246
The CUITeNt SLALE MAP «...cooveeviiiieriieeieiteeit ettt et e 247
Stage 4 heading of the proposed methodology..............cccocoviiiii 248
The receipt and processing of procured goods with the use of Oracle................... 250
Goods receiving taking receipt of material with the use of Oracle ........................ 251
Goods required for production build the use of Oracle................cocociiiiin 252
Unit returned for repair with the use of Oracle ... 253
Goods for the attention with the use of Oracle...........cccoccevviiviniiennnicnnee 253
THEe PAM KEY ...ttt 254
Graphical representation of the PAM by category ..........cccoccooiiviiiiiiiiiiinnnnne, 254
Graphical representation of the material receiving process..............cccceeccicinnnee 255
Graphical representation of the production ready process ...........cc.cceoeiivciiiiineenn. 255
Graphical representation of the goods ‘FAQ’ process .........c.cccecevvviciiiiccicnnenne. 256
Graphical representation of the ‘unit returns’ processes ........c.cecovvvreveeiveeeieereneen. 256
Graphical representation of the storage activity by process.........c.ccceceeverccennenne 257
Stage 4, Section | of the proposed methodology ...........c.cccceiiiiiniiiiiiirceee 258
Stage 4, Section II of the proposed methodology.............ccoiiiiiiiiiiiiiiiiceen. 259
Stage 4, Section III of the proposed methodology ...........cccocevevriiriniiiiinciiene. 260
Stage 4, Section IV of the proposed methodology ..........ccccooeiiiiiiiniciiiiiie 260
Stage 4, Section V of the proposed methodology ...........cccoveciiiiiiiininiiniiiinnn. 260
Stage 4, Section VI of the proposed methodology ..........ccccoovvvviiiniiiiiieninieene, 261
The technical future State mMap...........ccocceerereriniinine e 262
Benchmarking data from the current to future state.............cccoceieeveneenecnenccenen. 263
Stage 4, Section VII of the proposed methodology............ccccceicennniniicninnee. 264
Stage 4, Section VIII of the proposed methodology ...........ccoceeciiieneiiiiiniiiennen. 264
Stage 4 output of the proposed methodology ..........cccovivniiiiiiiiic 264
Stage 5 heading of the proposed methodology...........cccoveiiiiiiiiiniiiices 265
Stage 6 heading and Section I of the proposed methodology..........ccccccenvivinnnnnee. 266
Stage 6, Section II of the proposed methodology.............ccccciriiiiiiiiniineneene, 266
Stage 6, Section III of the proposed methodology ...........occoviviiiiiiiiciiin. 267

17.



Figure 6.65: The current cultural environment and the future cultural aims .............................. 270

Figure 6.66: Stage 6, Section IV of the proposed methodology ..., 270
Figure 6.67: Stage 6, Sections V, VI and output of the proposed methodology........................ 271
Figure 6.68: Stage 7 heading and Section I of the proposed methodology...........c.....cccoieeiein. 272
Figure 6.69: The project mission statement and values...............ccoccociiiiiiiiicciicince 273
Figure 6.70: The division of the technical future state to create goals .............ccccoceeeieiiinene. 274
Figure 6.71: The division of the technical future state to create objectives..............cccoceeevecnnnn 275
Figure 6.72: The detailed breakdown of the goals and objectives..........c.cccocvieiiinininnnnenne 278
Figure 6.73: Stage 7, Section Il of the proposed methodology...........ccccceeeveriiiininienciine. 278
Figure 6.74: The Strate@ic PIan ..........cocooceiiiiiiiiiiiiiiccnte ettt 279
Figure 6.75: Stage 7, Section III of the proposed methodology ..........c.ccooeinieniicinnciniinnn. 280
Figure 6.76: Stage 7, Section IV of the proposed methodology ..............ccceciiniiiiiniininnnnn. 282
Figure 6.77: Stage 7, Sections V. VI and output of the proposed methodology......................... 283
Figure 6.78: Stage 8 heading and Sections I and II of the proposed methodology..................... 284
CHAPTER7

Figure 7.1: Integrated MBIMS ..ottt sttt 288

18.



5s
62 Series

Tw

ACE
AOV
AP
AVE
BOM
BPR
CAD
C/T
DES
DMADV
DMAIC
DOE
ERP
FAO
FIFO

MBIMs

mins

MRP

NOMENCLATURE
Sort, Straighten, Sweeping, Standardising, Sustaining Methodology

Product production line at Amphenol UK
Seven Wastes, Transportation, Inspection, Motion, Over Production,
Over Processing, Defects and Waiting
Achieving Competition Excellence

Analysis Of Variance

Agile Production

Agile Virtual Enterprise Reference Model
Bill Of Materials

Business Process Reengineering

Computer Aided Design

Cycle Time

Discrete Event Simulation

Design, Measure, Analyse, Design and Verify
Design, Measure, Analyse, Improve and Control
Design Of Experiments

Enterprise Resource Planning

For the Attention Of

First In First Out

Hours

Implementation Management

Inspection

Just In Time

Thousand

Lean Aircraft Initiative

Lean Manufacture

Million

Machine Availability

Manufacturing Business Improvements
Minute

Minutes

Material Requirements Planning

19.



op Operation

OTD On Time Delivery

PAM Process Activity Mapping

pcs Pieces

PDCA Plan, DO, Check, Act Cycle

Q Queue Time

R Reliability

RTV Return To Vendor

SCM Supply Chain Management

SCOR Supply Chain Operations Reference
SIPOC Suppliers, Inputs, Processes, Outputs, Customers, Requirements
SS Six Sigma

ST Storage

SWOT Strengths, Weaknesses, Opportunities and Threat Analysis
TPM Total Productive Maintenance
TQM Total Quality Management

TR Transport

U/T Uptime

VSM Value Stream Mapping

WIP Work In Process

w/o Work Order

WwWwW World Wide

20.



CHAPTER 1 : INTRODUCTION

1.1 Chapter Introduction

This chapter outlines the reasoning and the scope for the research, as well as justification
for the case studies to underpin the academic theory. Within this chapter background

information on the research area is also given.

1.2  Literature Background

Over the past few years a great deal of literature has been produced discussing the way
in which manufacturing has undergone many evolutionary stages, mainly from mass
production to a leaner more customised environment. Crute et al., (2003) discuss this
concept of lean and why such an approach is needed within manufacturing. They argue
that with changes in the competitive market, customers are requiring a more “made to
order’ approach, which is having a major impact on the producing companies. Sharp et

al., (1999) similarly identify how;

....“There is a continuing fragmentation of mass markets into niche markets as
customers are becoming more demanding with increasing expectations. Also,
there is a spread of collaborative product manufacture with suppliers and
customers, joining together to add value within the supply chain. In order to
cope with these changes, companies are striving to improve their manufacturing
performance.”

Business improvement techniques such as lean manufacture are described as the current
era. Work published by Womack et al., 1991 and Womack and Jones, 1996 initiated the
interest in this technique. Improvement theories such as agile production (Sharp et al.,
(1999)) and (Zhang et al.,(1999)), also have defined analyse and implementation
techniques. These methods are logically structured and concerned with physical
rearrangement of process flows, material flow, information flows. It is thought that

these ideas that can only be applied to specific systems.
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As research develops within these subject areas it highlights the importance of more
philosophical approaches that are needed in the real industrial work place. Other factors
such as human intervention, cultural changes and the leadership styles are required to
complete the task successfully. A paper written by Heracleous and Langham (1996)

identifies the importance of organisational culture change in strategic change processes.

This research study looks into the implementation styles of different business
improvement concepts within manufacturing systems. Particular areas of interest are
lean manufacture, agile production, supply chain management, six sigma and discrete
event simulation. The implementation relationship between these ideas will be
discussed within the design methodology (Chapter 3). Currently all of these topics have
theoretical correlation; however they are practised as stand alone concepts. By
researching these interrelationships, an integrated implementation application has been
derived in Chapter 3. The fundamental contribution gained from this research is how to
manage this integration; this is demonstrated in the application of the design
methodology (Chapters 4, 5 and 6) and discussed in Chapter 7. The niche research field
highlighted within the literature review will be fulfilled with the proposed design

methodology outlined in this thesis.

1.3  Industrial Background

The collaborating establishment for this research project is BAE Systems, Rochester,
UK. From industrial experience within this manufacturing environment, business
improvement projects are seen as a continual procedure. Whilst these stand alone
improvement projects evolve, there is a lack of improvement assessment to the
suitability of the improvement techniques to the environment. Figure 1.1 highlights
how the research has evolved and how a specific area for investigation has been
developed for this research. The figure demonstrates how the research was initiated by
investigating the evolution of lean manufacturing, as well as researching the associated
tools and techniques. From this the research progressed to understand how the theory
was being applied, including how the theory was expanding beyond the manufacturing
industry.  This research highlighted some application opinions and views, which

required investigating possible implementation restrictions. The research study became
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implementation of an improvement project. 1t was also anticipated that this research and
methodology creation, would benefit the company by introducing many improvement

techniques that would analyse the suitability of a technique to the project needs.

Having this structure would not limit the improvement project to one technique, but
would introduce a number of proven techniques, which would work in unison and suit
the project requirements. It was seen that this investigation would eliminate these
observations and would allow standardisation, the analysis of technique suitability as
well as the elimination of silo mentally. This would drive change beyond the initiating

functions and set to improve across the supply chain in unity.

1.4  Research Scope

The chosen subjects have many theories that can be used to assist the development of an
improvement program, however extensive research by the author has shown that there is
not an integrated manufacturing business improvement roadmap in a sequential format,
using a number of strategies, in differing subject areas. The topics that have been
chosen are due to experience with business improvement initiatives both academically

and industrially.

1.5  Research Objectives

The main objectives of this research are to:

e  Review and investigate the lean environment and applications

° To assess the inter-relationships of MBIM applications as they are currently
practised

. To create an integrated methodology which supports many facets of these
concepts, including technical and cultural issues

° To create a user friendly roadmap of change that enables proposed design
methodology applications to a number of case studies

e To highlight the flexibility of the proposed design methodology through

testing and enable specific tailoring to the application requirements
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e  To discuss the outcomes of the case study applications to verify the proposed
design methodology creation
° To conclude and highlight the research contribution

. To discuss further work that is a result of this investigation

1.6 Research Aims

The aim of this research work is to contribute to knowledge by creating a design
methodology that solves the research objectives. In this particular study the literature
requirement that has been identified is to integrate a number of specific MBIM’s
alongside the fundamentals of lean manufacturing. With this integration a clear
roadmap will be created to highlight the importance of structured design and
implementation, along with analysis of method suitability given to the particular
environment. This research also aims to study the cultural aspects of MBIM’s to

understand the relationship between technical and cultural business improvements.

1.7  Research Philosophy

The subjects discussed and the objectives stated are defined throughout the thesis. All of
the subject areas are fully researched from varying sources of information. This enabled
an understanding of previous research and allowed it to be developed further within this
study. Having completed the research, a detailed methodology of the approach was
written and justified through case studies. The results found were demonstrated in
graphs, tables or drawings, depending upon the requirement. The results were discussed

and analysed enabling future research to be identified.

1.8 Chapter Summary

This chapter has identified how the research will be undertaken and completed. This
chapter has discussed the literature background and highlighted the theoretical
requirement for this study. The industrial contribution for the investigation has also
been discussed and outlined the benefits that were achieved. Having discussed the

project scope the next stage was to study the current literature available.
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CHAPTER 2 : LITERATURE REVIEW OF MANUFACTURING
BUSINESS IMPROVEMENTS METHODS

2.1 Chapter Introduction

This chapter investigates and studies previous research within manufacturing business
improvement methods (MBIM’s). The main focal concept is lean manufacture as it is
currently the most discussed and practised application. This chapter discusses the
evolution of the technique along with the application of lean within manufacturing,
including the restrictions of the concept. Other MBIM’s are investigated and their
association with lean are studied, to assess eliminating these lean limitations through

subject integration.

2.2 An Overview of Manufacturing Business Improvements Methods

The manufacturing industry is an environment that has become more competitive due to
greater demands from the customer. Technology is evolving faster, and this impacts on
the accelerating changing market. Customers no longer require mass customised goods
but want individual products, at reduced costs. Businesses then feel that they have to cut
costs wherever possible to meet these demands to remain competitive. Manufacturing as
a whole requires a change in the way merchandise is produced (Berkhauer and Pepper,
2003). Products quickly become outdated, therefore there is a need to quickly develop
and change items. This increases costs and overheads. However, there is also the
pressure to deliver the items to the customer at a competitive rate. It has been
documented for a number of years that this has been the case, but companies are unsure
how to regain competitive advantage. Bayraktar et al (2007) discuss the evolution of
operations management and highlights the main trends in each era. The paper
demonstrates how the current era consists of built-to-order supply chains that are flexible

and responsive to customer demand and market requirement.
Ultimately all MBIM’s aim to enhance the business for a number of advantages;

=  Reduced lead time

= To be more cost effective
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= Reduced inventory

= More efficient estimating process

= More communication throughout the supply chain
= Reduced supplier base

*» Reduced over heads

Many different MBIM’s are applied at any given time within a supply chain and the
success of the outcome is dependent upon the suitability of the technique to the

environment.

A great deal of literature exists explaining a number of different concepts and techniques
that are available within logistics and manufacturing systems, some more defined than
others. Particular areas of study are lean manufacture, agile manufacture, supply chain
management, six sigma and discrete event simulation. All of these subjects have
previously been researched and studied, with some having in depth detail whilst others
are at different development phases. These topic areas have been investigated and
comparisons between them have been generated in this thesis. However, there is a
shortage of literature on the study of ‘Business Improvement Techniques’ integrated
together. This literature review chapter will describe, analyse and create a deeper
understanding of these concepts by discussing their interrelationship and identify other

topics that will enhance the application.

Manufacturing has been defined as “the making of goods and articles by hand, or
especially by machinery, often on a large scale and with the division of labour” (Schey,
J.A. 1977). Manufacturing techniques have developed over the years. The type of
manufacturing process required is very dependant upon the types of materials that are
being processed. There are a number of ways to classify manufacturing systems,
however generally there are three types: mass production, batch production and job-
lot/make to order production the differing systems. These systems are highly
documented, including approaches of improvement method. It is highlighted (Rother
and Shook, 1999) that these manufacturing systems require documentation and
benchmarking prior to improvement. A review was carried out by Aguilar-Savén (2004)

that classified techniques associated with Business Process Reengineering (BPR). The
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initiatives, even though agile manufacturing strategies opposes some lean procedures.
These Japanese methods are advertised as lean manufacturing techniques to the Western
global sector and it is these concepts that are seen as the latest business improvement

methods to apply.

2.3  Lean Manufacturing

2.3.1 The Evolution of Lean Manufacture

It was Deming (1900-1993) who emphasised waste reduction in Japan in the 1950’s;
however the elimination of Muda (Waste) which is associated with the theory of the
Seven Wastes, was introduced by Taiichi Ohno (1912-1990). The removal of waste is a
central theme of lean thinking. Deming revolutionised industry by developing better
ways for people to work together, by creating quality and management techniques which
continually improve and redefine mistakes as opportunities for improvement. Taiichi
Ohno who was the assembly manager for Toyota, developed many improvements that
eventually became the Toyota Production System. Through the work with Toyota he

began to assist several U.S and European firms with implementation of these techniques.

Hines et al (2004) gives a brief history on the concept of lean and highlights the
evolution from the origins of Japanese manufacturing right up to the concept as it is
perceived and applied today. A functional model created by Hicks et al (2004) also
classifies the strategic issues of waste. The model is applied within a case study which
researches the models used within the supply chain. It was thought that this model could

be used to,

... Facilitate communications internally within a company and externally
between companies.” (Hicks et al, (2004))

Womack et al (1999) and Womack and Jones (1996) have renewed the same theories
and consolidated the ideas into a methodology. In the past decade the knowledge and
use of lean manufacture has increased, the concepts are more worldwide and the
literature of successful implementation has been enhanced. This has contributed to

improving the efficiency, flexibility and the need to respond to demands in many
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manufacturing environments. This study will demonstrate that the evolution of lean
manufacture is expanding to other environments and industries, proving that the
principles of lean manufacturing can be applied to many environments as well as all
levels of the supply chain. These techniques are now often referred to as ‘lean’ or ‘lean

thinking’.

2.3.2 The Lean Environment

The main concept of lean is to eliminate waste and from this ‘Five Lean Principles’ have
been devised (Rother and Shook, 1999). These principles start by specifying value from
the customer’s perception, instead of giving the customer what is convenient for the
manufacturer. These principles are seen as a journey of continuous improvement.
‘Learning to See’ (Womack and Jones, 1996) is a clear method of benchmarking through
mapping the current and future state of a process as it indicates the flow of both
information and material. More recently the concepts of ‘Continuous Flow’ (Rother and
Harris, 2002) and ‘Seeing the Whole’ (Womack and Jones, 2002) have been introduced.
These are the implementation procedures above and below the supply chain in the
‘single plant’ method explained in ‘Learning to See’ (Womack and Jones, 1996). It is
suggested (Womack and Jones, 1996) that the ideal environment is the manufacture of
product family that has low variability, high volume, and adequate quality. The
techniques are best applied in a standardised environment. This concept also applies
better to a product family of the same technology but more importantly that same

process flow through the products production life cycle.

The references previously mentioned (Hicks et al, 2004, Rother and Shook, 1999, Rother
and Harris, 2002, Womack and Jones, 2002) highlight that lean thinking can easily be

conducted in many different levels of the supply chain, figure 2.2.

Throughout these methodologies there is the basic mapping method; however each level
has a different variation. Martinez Schanez and Perez Perez (2001), introduces the main
concepts, by highlighting manufacturing strategies and types of lean indicators. As the
understanding and use of lean thinking increases, the greater the research expands into
more in depth detail on implementation. Smalley (2004) and Harris et al, (2003)

actually discuss and identify methods of more in depth implementation.
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One particular paper that is interesting is by Phillips (1999) and whose basis is the use of
agile manufacturing in the aerospace industry. It was particularly interesting because of

the association between the aerospace and automotive industry.

...."The two products marketed by two respective industries are technically poles
apart both in volumes produced and application. The respective markets are
served by basic families of products, each family having a product aimed at a
particular sub-sector.”

A fascinating analogy (which can be seen in figure 2.6) was derived to summarise the

similarities between the aerospace and automotive industry.

Volume Producers
e Both are dominated by volume producers
e Automotive = Specialist catering for local markets

e Aerospace = Serving the sub 100 seats market

Unique Sectors
e Both have unique sectors requiring different variants of a product

e In both industries components are shared across the respective family

Impacted by Economy

e Both are impacted by world economy and financial events with the world economy

Respond to Business Cycles
e Both respond to business cycles and economical phase transitions by upsizing or

downsizing their operation in line with market demand

Figure 2.6: Similarities between the automotive and aerospace industries

(Phillips, 1999)
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The author explains the paradox, that the world-wide output of automotive vehicles is
millions per annum, but the aerospace only has an output of a few thousand per annum.
However, the true comparison should be between manufacturing systems employed to
produce the volume for their respective markets. It was thought that the aerospace
industry is currently facing market conditions similar to that of the automotive

environment of the early 1980’s and so therefore the businesses are forced to change.

In order to manage the slowdown it has been identified that some of the major aerospace
companies such as Boeing and Airbus Industrie are now adopting the lean production
philosophies of the automotive industry, having proved that this concept can be
applicable to the aerospace business in a similar way that it was introduced to the

automotive environment.

Haque (2003) explains the use of lean thinking concepts and applies these to three
aerospace companies. The investigation looks into Kaizen on a design process, single
piece flow on a new product and off-line development to speed time to market. From
the work carried out it was found that the lead-time was significantly reduced on all
three accounts. The information appeared to be very in depth and it would have been
interesting to see how these improvements had an effect of the rest of the supply chain.
Other useful literature that has been written (Haque and Moore, 2004) is the
measurement of the performance of introducing lean to a new product within the
aerospace sector. This was because it was found that the collection of metrics was the
most time consuming task, and so the authors created formulae that could be used to

gather a quick perception of the company.

Literature was created by another aerospace component manufacturer, BAE Systems.
The company has a dedicated business excellence team which is used to “manage
change and monitor business improvement in the organisation”. Figure 2.7 highlights

the business improvement strategy created for business improvements.
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A large contributing factor can be the resistance to change from employees. Being able
to collect detailed and relevant information is essential. Lean thinking also requires a
stable, repetitive system with limited flexibility, requiring varying kanban sizes which
all hinders the data collection process. Lean thinking techniques can lack a holistic view
that considers its neighbouring supply chain. Understanding the supply chain is
necessary to enable a successful implementation process, for example investigating the

true single level process that happens up and downstream in the supply chain.

Cagliano et al (2006) discuss how lean integrates information and physical flows and
that Enterprise Resource Planning (ERP) systems only look at information flow. The

authors states that;

....“Manufacturing companies are today facing the problem of integrating supply
chain and manufacturing strategies to optimise operations throughout the value
chain.”

This indicates that initiatives such as lean manufacture require a holistic outlook across a

value chain.

A limitation with lean is the need for zero defects with the highest quality possible is
required in a production system to ensure successful implementation and continuous
improvement. There are some environments where lean is not ideal and the use of
features from other MBIM’s may provide a better solution. Bendall (2005) argue that
“lean maybe criticised for potential naive simplisticity”. Six sigma is a business
improvement tool that looks to improve the quality within systems and research work
has been carried out to study lean sigma initiatives. By combining these ideas of a lean
with those associated with six sigma, the “Work becomes more focused and time scale

for implantation is shorter.” (Markarian, 2004).

Research undertaken by Cox and Chicksand (2005) identified how concepts of lean lack
flexibility. The studies looked at how these limitations could be addressed with concepts
of agile production; figure 2.12 shows the profiles of each technique. They argue that
“the lean approach is not always the most appropriate way to manage internal processes
and external relationships™. This paper discusses some of the limits of lean management

thinking.
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Distinguishing Attributes

Typical products
Marketplace demand
Product variety
Product life cycle
Customer drvers
Profit margin

Dominant costs

Lean Supply
Functional products
Predictable

Low

Long

Cost

Low

Physical costs

Agile Supply
innovatwé products
Volatile

High

Short

Availability

High

Marketability costs

Stockout penalties Long-term contractual Immediate and volatile

Purchasing policy Buy matenals Assign capacity

Informatioin ennchment Highly desirable Obligatory

Forecasting mechanism Algorithmic Consultative

Figure 2.12: Lean and agile product profiles

(Cox and Chicksand, 2005)
Lean thinking is a concept that is simple to design and thus very theoretical. The
concept does not consider the practicalities of implementation into a real system and this
hinders the route of improvement. These requirements was highlighted by Worley and
Doolen (2006) who quoted that “the importance of studying organisational phenomenon

within real-world settings”.

Implementation plans are also inadequate, normally through designing a lean system the
changes are so significant from traditional manufacture that the implementation strategy
needs to be of a continual design and improvement. Lean thinking lacks implementation
direction. Thomas et al (2003) discussed the same issues and stated that focusing “more
on workforce management strategies to improve”. This statement justified the need for
implementation strategies through cultural change methods to enable ad assist a lean

transformation.

2.3.5 Lean Manufacturing Summary

Lean manufacturing is a philosophy that can be successfully used in high volume, low
variety environments, to reduce waste and inventory. Ultimately to reduce lead times it

18 necessary to increase on-time delivery and respectively costs. It has been discussed
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how lean manufacture can be applied at any given point within the supply chain;

however the functioning processes around this needs to be considered.

It has also been shown that there are some environments where lean manufacture is not
ideal and it is thought that by using features of the other techniques, this may enhance
the transition. Agile production is seen as a concept which in some cases is more
applicable to those situations where lean manufacture is not always compatible. With a

combination of the two, a leagile system can be introduced.

Lean manufacturing gives little consideration to the quality of the products; some of
these limitations could be addressed through six sigma strategies. By understanding the
supply chain this shall give lean a holistic view and management techniques can enhance
the implementation of the lean design. Realistic scenarios could be created in simulation
models to test the future state. Lean manufacture is described as an improvement system
that can be used in any industry. It has been discussed how lean was created within the
automotive industry and as the knowledge expands, the industries of applications

broaden and one particular example is the aerospace industry.

2.4  Eliminating Lean Limitations

2.4.1 Agile Production

There are many papers that discuss agile manufacture and the practicalities of the
concept, (Van Assen et al, (2000), Yu and Krishnan, (2004), Meredith and Francis,
(2000) and Gunasekaran et al, (2002)).

....”Agility means using the market knowledge and virtual corporation to exploit
profitable opportunities in a volatile market place” (Naylor et al, (1999))

Figure 2.13 highlights the authors (Jin-Hai et al, 2003) perception of agile production,
and how this compares to other business improvement concepts. Agile production is
really driven by competition and must be incorporated in the organisation’s
development. Depending on the company there will be different levels of the

implementation of agility throughout the supply chain.
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Bicheno (2004) argues that there is a lot of literature that discusses both lean

manufacture and agile production. The writer believes that,

....”There has been a large amount of frankly incorrect, misleading waste written
attempting to compare lean with agile and to identify market segments for each
or claiming ‘distinct differences by using selective quotation’.”

The outcome from this theoretical conflict is to combine the two techniques in a leagile
system. From the research currently undertaken by the author it can be summarised that
both lean manufacture and agile production can easily be applied throughout the supply
chain and at different levels of the supply chain, independently. From this it can be
assumed that it is possible to integrate the concepts of the two techniques to produce a
leagile system. However, it is important to investigate how well this philosophy is

documented and its applicability within the supply chain.

A significant finding from this literature research is the understanding of creating a
“Leagile” supply chain (Prince and Kay, (2003), Naim and Barlow, (2003) and Sharp et
al, (1999)). Leagile systems allow the advantages from both lean and agile concepts to
be used as the theories have different attributes. Integrating the lean and agile
techniques within the supply chain provides a very powerful tool. However, the critical

issue is the positioning of the decoupling point (Mason-Jones et al, (2000)).

... Leagility is the combination of the lean and agile paradigm within a total
supply chain strategy by positioning the decoupling point so as best to suit the
need for responding to a volatile demand downstream yet providing level
scheduling upstream from the decoupling point.” (Naylor et al, (1997) cited in
(Mason-Jones et al, (2000))).

Characteristics those both lean and agile manufacturing aspire to be are: the removal of
waste, reducing the necessary waste and compressing the lead-time in both the material
and information flow. However a particular dissimilarity is that lean production pulls
material through the supply chain, but in an agile environment the material is still
pushed through the system. It is thought that a system where standardised products are
produced (upstream) the material can be pulled through the supply chain, but when the
products become more specific (downstream) an agile system is more beneficial. This is

when the decoupling point in the chain is required and it is important to ensure that the
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decoupling point is placed in the correct point in the supply chain. The decoupling point
acts as a buffer between the two paradigms because of the change in demand. Figure

2.15 highlights the most suitable point for a decoupling point in different supply chains.

The effects of a decoupling point reduce the ‘bullwhip’ effect of demand up the value
stream. The demand upstream has less variability as it is forecast driven whereas
beyond the decoupling point the demand is customer driven and so the variability is
greater. The decoupling point acts as a buffer between the two paradigms because of the

change in demand.

Raw Matenal -—- -- “ Manufacturers / Retatler End Users
Supplier —— e . Assemblers
Matenal Matenal Matenal

\
/

Buy to Order

\
\

Make to Order

—

* Assemble to Order
* Make to Stock
;‘ \Shlp to Stock

Figure 2.15: Supply chain strategies with a stockholding decoupling point
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(Hoekstra et al, (1992) cited (Naylor et al, (1999)))

A survey created and discussed by Power et al (2001) look at results which were carried
out by Australian manufacturing companies. The companies were assessed using critical
success factors in agile supply chain management. This research also highlighted that
the concepts of agile production can be implemented across the supply chain. Together
with methodologies created by Womack and Jones (2002) on applying lean manufacture
within the supply chain, it was proven that theoretically a leagile system could be

introduced into a supply chain.
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2.4.2 Supply Chain Management

Some researchers portray supply chain management as a macro mapping tool across
companies (Womack and Jones, 2002), while others see it as a subject based around the
logistics, distribution and transportation of products throughout the process (Mason et al,
2003 and Naim et al, 2002). Supply chain management is managing the supply chain,
the processes and procedures from the raw material through, in many companies, to the

end customer.

Value Stream Mapping (VSM) is associated as a lean tool used to improve the existing
system. However, it is important to look carefully at the variability in the order and
material flows. Mapping throughout the external supply chain is harder because mapping
is required through all company boundaries. It also requires the cooperation of all
department and divisions within the company, as well as the companies up and
downstream. Because of this supply and demand throughout the chain, the variability
will increase making the system less stable. In order to control this inconsistency there
needs to be a relationship between the company and the supplier, a ‘partnership aims at
zero receiving inspection and at delivery directly to point of use’ (Bicheno, 2000). It is
also necessary to agree to on-time delivery from the supplier and structured demands

from the customer.

Ultimately more frequent small deliveries are required to create a stable and lean
environment and the supplier base will have to be reduced in order to create this
relationship with the more important suppliers. Bicheno (2000) demonstrates (figure
2.16) the reduction in cost to the customer if there are better relationships with the

supplier.

There are many techniques by which to improve the relationships within the supply
chain with Towill et al, (2000) and Naim et al (2002) discussing and investigating a
method of ‘Quick Scanning’. This method is used to evaluate how well the process and
procedures within the supply chain meet the end customers requirements. This idea was
carried out on a case study and highlighted paradigms such as, lean thinking, business
process re-engineering and agile production. Other methods are used to reduce the

supplier base in order to create a better relationship with the supplier and the buyer:
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A paper by Mason et al (2003) assesses warehouse and transportation management
systems and how the two can be integrated to reduce supply chain costs. The results
proved that the key to integrating warehouse and transportation management systems is
that a virtual warehouse can contain information on the past, present and projected
location of each supply chain through time. The simulation study highlighted that
virtual warehousing can be used to reduce lead-time variability, improve efficiencies and
reduce costs. However, these ideas are only conceptual and costs that would be

associated with such integration have to be considered.

Supply change management relies mainly on the organisation of the logistics, as well as
structured planning schedules, forecasting techniques, and inventory control. However,
the concept depends upon the type of the system (Caridi and Sianesi, 2000). One view
that is being introduced is the idea of virtual logistics, by using the same principle as
banks transferring money and with the use of the internet, materials and products can be
transferred virtually through inventories, buffers and warehouses (Clarke, 1998).
Advantages indicate the reduction of costs associated with holding stock, along with

obsolescence costs and ideally stock turnover would increase.

This literature survey on supply chain management has identified how this
manufacturing business improvement concept is a very broad topic. Previously it was
discussed how lean manufacture can be applied within a supply chain as well as the
overall supply chain (Womack and Jones, 2002). Supply chain management enables a
holistic view within the transformation of a lean business improvement. By integrating
the theory of supply chain management and lean this would eliminate issues related to
dysfunctional improvement projects (Pepper and Spedding, 2006b), lack of

communication and isolated improvement projects.

2.4.3 Six Sigma

Six Sigma is a quality improvement technique that has been successfully implemented in

industry.

....”Six sigma is an organized and systematic method for strategic process
improvement and new product and service development that relies on statistical
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discusses how six sigma can improve first time yield and reduces some waste in
manufacturing processes. However, lean thinking tools generate a more significant

breakthrough in waste elimination.

Research has developed and the concepts of lean and six sigma have been integrated,
introducing lean sigma initiatives (Furterer and Eishennawy, 2005, Byrne et al, 2007,
Fairbanks, 2007, Andersson et al, 2006 and Bendell, 2006). Proudlove et al, (2008)
make comparisons between the implementation of lean and six sigma. The research

highlights how:

....“Implementation is a bigger issue and perhaps where attention should be
focused, rather than on the techniques themselves”.

However, Lee-Mortimer (2006b) discusses how six sigma programs deal with deep
rooted quality issues within manufacturing and suggests that even initiatives such as lean

manufacture can be eliminated. Whilst Kumar et al (2006) quote;

....”Lean sigma combines the variability reduction tools and techniques from six
sigma with the waste and non value elimination tools and techniques from lean
manufacture, to generate savings to the bottom-line of an organisation.”

The paper proposes a lean sigma framework where lean tools were used within the six

sigma DMAIC process to reduce defects occurring in the final product.

2.4.4 Simulation Modelling

Simulation is a time-based model of a real-world process or event. Simulation provides
a means to create an artificial state of a system in order to analyse and study its
operational characteristics. Yazici (2006) discuss how simulation modelling can be used
to teach facility layouts in either job shop or cellular manufacturing to under graduates.
This work highlights how simulation modelling can be used along with continuous

improvement techniques.

Whether designing new systems or asking questions about existing systems, simulation

is a powerful tool to provide answers to complex problems that fall outside the realm of
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analytic methods. Simulation models are produced in a number of different formats,

either through mathematical analysis or software creation. It is believed that;

. “The new generation of simulation tools should support not only the
traditional tasks (statistical data analysis, model building and verification, etc.),
but also the decisions concerning situation analysis and the defining of the
project objectives, the generation of solution variants and their evaluation”
(Kosturiak and Gregor, 1999)

Kosturiak and Gregor, (1999) indicate the problems associated with change in process
and manufacturing environments, without the use of simulation models prior to the
transformation. Two typical mistakes are over capacity and under capacity. Very few
papers actually write about the application procedure of models to systems. However
Liu et al (2005) describe the use of simulation software for scheduling a bell-type batch
annealing shop. The paper actually looks at the application of this study and identifies a
structured method for creating a discrete event model in which the constraints are

highlighted as well as the handling of the shared resources.

A great deal of literature involves simulation model analysis through the mathematical
analysis approach (Chen and Chen, (1996), Hendry et al, (1998), Cheng and Duran,
(2004) and Lin and Fu, (2001)). Work carried out by Chen et al (2002) looks at a
simulation study of logistics activities in a chemical plant and the main advantage from
creating simulation models on an existing system by carrying out ‘What if* scenarios. A
study carried out by Lyons et al (2000) conducts a comparative study of alternative
approaches to modelling the operations of a small enterprise. The simulation tools
selected are WITNESS, SIMET II and OME. WITNESS is a visual and interactive
piece of software which is capable of modelling both discrete and continuous systems

and uses a standard Windows interface. It was found that:

... “WITNESS provided the most consistent results, both in terms of deviation of
results from the observed values and the reproducibility of the results through
repeated replications of the model.” Lyons et al (2000)

WITNESS was also the only tool that was able to sample from empirical data. Parola

and Sciomachen (2005) use WITNESS (2004) to create a port system network. The
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paper highlights how the model was applied to the network and the actual logic that was

used. Again the tool was used to create a number of suitable scenarios for optimisation.

Other published work examined was from the creators of WITNESS, ‘Lanner’. They
provide case studies that have been carried out using the simulation software tool. The
studies used BAE Systems as the industrial environment. The case studies demonstrated
how WITNESS was an integral part to business improvement programmes and cycle
times were halved and capacity was increased, in some instances by more than fifty
percent. In another case study WITNESS was used to design a new plant layout using
Computer Aided Design (CAD) which can be integrated into WITNESS. Fontanili et al,
(2000) also used WITNESS to replicate a flow system to calculate optimisation methods
through the use of algorithms.

Another limitation of lean thinking is the realism of the designed system, as lean
thinking is very theoretical in its design and it has been shown how the implementation
of the future state is harder to achieve (Ballé and Ballé, 2007). Schroer (2004) have
shown how simulation modelling could be used to model the theoretical model for

realism.

One particular disadvantage of lean thinking is the lack of human intervention, for
example the inability to assess and make a judgement on the process. This therefore
increases the variability into the system. Variability can be modelled in simulation
modelling through the use of distribution and complexity factors to make the model as
realistic as possible. However, by using simulation alongside lean thinking this
variability can be reduced and ideas can be generated to produce improvements from

these. Factors that aren’t always easily considered are:

e The different skills of workers

e Factors such as days off through sickness, holidays, training development
¢ Different shift patterns of work

e Machine reliability and capacity

e Defective products and rework
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Schroer (2004) indicates there is a correlation between simulation and lean manufacture.
So ideas and suggestions that are created from lean manufacturing developments can be
tested through simulation models, to understand the outcome of these ideas and to

measure their suitability.

....“Simulation is ideally suited to understand the concepts of lean
manufacturing, such as the following;

Line balancing against takt time

Pull versus push manufacturing

Batch versus one-piece flow

Kanban inventory control

Process variability reduction.” (Schroer, 2004)

Schroer (2004) gives a detailed discussion and provides a simple case study of a
manufacturing cell. The simulation model uses the concepts of lean manufacturing to
optimise the model and the model then allows the user to make the changes derived from

the lean manufacture ideas to suggest a suitable outcome.

Lian and Van Landegham (2007) discuss the use of simulation modelling with VSM,
which i1s a tool associated with lean thinking. Abdulmalek and Rajgopal (2007) uses
simulation modelling to test the ‘before and after’ scenarios created to contrast with that
created from VSM. The model was used to illustrate to managers the potential benefits

such as reduced production lead-time and lower work-in-process inventory.

2.4.5 Implementation Management

To ensure that any business improvement is planned and implemented successfully,
certain management methodologies can be used. Having researched manufacturing
techniques, concerned with transforming a traditional manufacturing system to a lean
environment, it was discovered that aspects of implementation management were

required to assist the transformation to increase the rate of success.

As previously discussed there are many writers that have stated that implementation of a
theoretical design is harder to achieve (Proudlove et al, 2008, Hines and Lethbridge,
2008, Balle and Balle, 2006, Bhuiyan et al, 2006, Green and May, 2005, Smart et al,
2003, Thomas et al, 2003 and Baines et al, 2006). It is believed that the success of
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implementation is the strategy management and people behind the theoretical design. It
was found by Caron and Fiore (1995), that these issues are the main reasons for late
deliveries, excess work-in-progress and large warehousing. All this was due to weak
management tools and techniques that are either incorrectly implemented or are not used

robustly.

Abdul-Nour et al (1998) introduce how the use of the kanban techniques and the JIT
philosophy can be used in a project management style to improve a small manufacturing
business. The achievement was that the lead-time was reduced from six months down to
less than two months. This involved standardising the parts, modularising the Bill of
Materials (BOM), understanding the critical path, creating a time study and looking into
the plant layout with the final stages being to investigate the production planning and
improving the system and implementing the outcomes. This finally cohered with the
basic and simplest principles of lean (introducing a pull system through the use of
kanban techniques), however project management concepts were used to capture the

traditional systems and to test the new model.

To ensure the success of any change in the organisation of a company, a structured
implementation plan is required and the process and procedures are fully understood
(Berkhauer-Smith, 2007). In figure 2.22 a route map has been created for integrating
leanness and agility. This implementation plan highlights how material and information
flows should be integrated to minimise stocks, demand and lead-time but also to increase
profit. By introducing a leagile supply chain, the system can then be cost-effective

upstream of the decoupling point and achieve high service levels down stream.

There is also a great deal of research about strategy management. However, within this
study it was important to understand the association of lean thinking with strategy
management to give the lean theoretical design implementation structure. Knowles et al
(2005) created a model that associates continuous improvement with strategy
management, figure 2.23. The model shows how to integrate six sigma with lean tools

to ensure strategic goals.
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Other work has entailed the use of VSM to “determine the belief, behaviour and
competences processed by business leaders”. This work carried out by Emiliani and
Stec (2004) also highlighted that maps alone are not enough to change the mindset of the
business leaders and change their fundamental belief in leadership. This work also
highlighted the need for cultural and mindset change, when transforming a traditional

manufacturing environment.

De Toni and Tonchia (2002) identified the ‘“missing links between the literature
concerning new production models on one side and that concerning corporate and

manufacturing strategies on the other”, this is shown in figure 2.24.

Literawre on
Corporate
Strategic

Managzement

Operations

Management

Literature on
New Production
Models

Literature on
Manufacturing
Strategy

Figure 2.24: Driving corporate strategy through the supply chain
(De Toni and Tonchia, 2002)

This diagram highlighted the need for overall corporate strategy to drive the changes
throughout the supply chain. Other research work that studied the integration of strategy
management and lean manufacture is by Tagore (2007). This work discusses the use of
‘a roadmap that integrates the technical transitions with managerial transitions to create a
‘High Performance Process Plant” which are referenced to ‘“World Class’ and ‘Lean

Management’ plants.
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Abdul-Nour et al, (1998) identified that the design of a lean system is easy to create but
that implementation is harder to achieve. The resistance to change is the hardest factor
to accomplish when implementing business improvements (Trompenaars and Hampden-
Turner cited in Finlay, (2000)). This approach can be seen as the “forgotten” strategy
when introducing change since the more technical concepts are seen as the most
important due to the time frame given or the easier approach to take. Educating
employees in these ideas, although costly, is effective, but usually the most complex part
is to actually implementing these ideas. Having the management and work teams

involved and interested is important for successfully implementation.

Reijers and Liman Mansar, (2005) reiterate again how BPR is seen as a “twofold
challenge” and it highlights the use of different practises to reorganise the structure.

Typical techniques are:

e Centralisation — treating geographical dispersed resources as if they are
centralised.

e Empowerment — giving workers most of the decision making authority,
reducing middle management and techniques such as outsourcing or task

automation.

Other writers who indicate that there are problems with changes are Huang and Mak
(1999) who by conducting a survey noticed that problems such as ‘poor
communications’, ‘problems being discovered too late’ and ‘internal departments not
being co-operative’, hindered these changes. Even though these problems were noticed
they were not really addressed in the research and there was no indication on how to

confront these issues and transform the ideas into reality.

Alséne (1998), Link and Marxt (2004) and Tavcar and Duhovnik (2005) present ideas on
social-cultural change management. These authors’ highlighted factors such as the risks
associated with change, but also highlighted the implications of technical changes to the
design and development phases of a process. They also discussed how these issues
would effect the changes in the manufacture of a product. But it is particular hard to
find documentation on the implications and implementation procedures of change

management within a manufacturing business. However, Balogun and Jenkins (2003)
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discuss how organisations have to understand change as a process of knowledge

generation.

... For organisational transformation to occur, an organisation’s members need
to evolve new tacit knowledge about the way they interact both with each other
and external stakeholders, and how they co-ordinate their activities.”

Balogun and Jenkins, (2003) identifies case studies, particularly an engineering company
that has been expanding and required changes to the structure. The case study highlights
the resistance to change and how these resistances are overcome. One concern that was
raised was the type of knowledge concepts that were applied to the change management
philosophy as some of these ideas conflict with the principles of lean. However, the
paper emphasised sharing knowledge, having better teambuilding skills and having
better relationships with the customers. The authors describe change management as a
form of knowledge creation, as most organisations understand change as something for

individuals.

Obviously these concerns are not just relevant to manufacturing industries as Savage
(2000) writes, but how these problems of socio-cultural development are relevant in all
industries, including the service industries. Similarly Driscoll and Morris (2001) define
these problems within the civil service industry. Power and Sohal (1997) investigated
the human variables in just-in-time environments, but concluded that more research is
needed to study to understand the “development of models to predict more accurately
the organisational conditions required to facilitate successful implementation and

operation”.

Research work carried out by Hong et al (1995) examined the impact of employee
benefits on work motivation and productivity. They found that monetary benefit
programmes were the most highly valued by both executives and workers. It was found
in a review (The Economist (1994) cited in Chu (2003)) that 85% of change projects
failed. Two major reasons were identified. One reason was due to the impact of the
change process on other areas of the organisation and the other was human resources

management. One significant quotation from this was about a change process;
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Smith (2003) discusses how a transformation from “an expert-based ergonomics system
to a culture-based one can be beneficial”. The author highlights the concept of
ergonomics culture and implies “that all member of a work organisation are informed
and empowered to make improvements appropriate to their level of assigned

responsibility.”

From this literature research it can be summarised that the benchmarking of change
management within manufacturing 1s very important in order to increase the success rate
of implementation. Such changes can be of a technical nature such as customer demand,
suppliers, design redevelopments or due to new technology including business
improvements, or due to cultural issues. However the cultural issues that arise from the
technical improvements need careful consideration as well. This review has highlighted
that technical changes cause cultural changes however the effects of these cultural
changes are not considered successfully in most cases of business improvements (Reijers

and Liman Mansar, 2005 and Chu, 2003).

Implementation management is a particularly broad subject area. The two main focal
aspects researched within this scope have been strategic and change management, as it

was seen that these two factors would enhance the implementation of lean concepts.

2.4.6 Cultural Change

As studied in the previous section cultural change is a subject that is less apparent when
discussing business improvement techniques and implementation theories (Trompenaars
and Hampden-Turner cited in Finlay, (2000), Alsene (1998), Link and Marxt (2004) and
Tavcar and Duhovnik (2005), Balogun and Jenkins, (2003), Savage (2000), Driscoll and
Morris (2001), Power and Sohal (1997), Hong et al (1995), The Economist (1994) cited
in Chu (2003), Smith (2003) and Reijers and Liman Mansar, (2005)).

The findings of Trompenaars and Hampden-Turner (cited in Finlay (2000)) highlighted
that the differences between cultures were grouped under three main headings:
relationships with people, attitudes to time and attitudes to nature. Figure 2.26

highlights these findings in the form of a table below.
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Relationships with other people
Trompenaars and Hampden-Turner subdivided these relationships into five

‘tensions’:

Rules versus relationship

Some cultures take the view that universal laws should apply. This view tends to
the use of tight contracts rather than relying on relationships between people
when engaged in business. Others take the view that, instead of believing that
there is only one right way, the person should act in a way that fits the particular,
often exceptional, circumstances. A person’s obligations of friendship, for
example, may easily override a concern for universality. One consequence for
international business is that reward systems imposed on affiliates from head

office may well be counter-productive.

The group versus the individual

This was one of the explanatory dimensions found by Hofstede and Bond - the
extent to which the ties between individuals were loose or strong. The relative
emphasis on individuality and on the community is a tension that exists in the EU
between the UK, the Netherlands and Scandinavian countries, which tend to
stress individuality, and most of the rest of the EU, which puts more emphasis on
a communitarian approach. In cultures that put an emphasis on the group, it
would see themselves as delegates, bound by the wishes of their group. In more
individually inclined cultures, single decision makers in group-oriented cultures

tends to take longer, but implementation of the decision tends to be quicker.

Lack of emotion versus show of emotion

In some cultures it is expected that emotion be expressed, in others the showing
of emotions is considered ‘uncultured’. Where the expression of emotion is
frowned on, the use of humour, understatement and irony should be severely

restricted.

Specific relationships versus diffuse relationships

In some cultures the relationships between people are narrowly defined to fit a
specific context: no business talk at the golf course, no religiousness in business.
This can be contrasted with other, more inclusive cultures, where all aspects of
the relationship have to be enquired about before ‘getting down to business’.

Where specific relationships dominate, the expectation is for specific target
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setting, a striving for efficiency and for meetings structured in terms of agendas

and time management.

Status through achievement versus status through ascription

In some societies status 1s accorded to a person’s track record — to what have they
achieved — with little or no concern with qualifications or family background. In
other cultures what a person is, rather than what they can do, is important: have
they been to the right university, the Haute Ecole Polytechnique or INSEAD, or
are they part of a well-known family? In achievement-orientated businesses it
would be expected that managers would be of differing ages and gender and for

decisions to be challenged on technical and functional grounds.

Attitudes to time
In some cultures, what has been achieved in the past isn’t of much importance:
the focus is on the future and making future plans. Other cultures place more

importance on history and the past. To quote Trompaneers and Hampden-Turner:

....”With respect to time, the American Dream is the French Nightmare,
Americans generally start from zero and what matters is their present
performance and theory plan to ‘make it’ in the future. This is nouveau
riche for the French, who prefer the ancien pauvre; they have an
enormous sense of the past and relatively less focus on the present and
future than Americans.

Some cultures view time as linear, as a sequence of events. Other cultures view
time more as circular, linking the past, present and future. The sequential-time
thinker will tend to separate means clearly from ends and plan each link in the
chain. The circular thinker won’t work with intertwined means and ends. One
view of time is that the immediate future is achievable through personal effort yet
the longer-term isn’t, since too many things can happen. In this view, short-term
planning is in order, with the future taken care of through a succession of short-

term activities.

Attitudes to the environment

Two broad attitudes to the environment can be discerned. One is to see it as
something to be controlled and exploited; in business this leads to the
entrepreneur who overcomes environmental forces to succeed with the product or

service that they are offering. The other view of the environment is to see it as
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something that must be adapted to; in business this leads to taking notice of

customers continually and appraising the business environment.

Figure 2.26: Findings for Trompaneers and Hampden-Turner cited in Finlay (2000)

2.4.7 Summary

It has been shown that although lean manufacturing is a revolutionary concept, the
technique has some limitations. These main limitations can be addressed by integrating
factors of other MBIM’s. The relationship between these other concepts and lean has
been discussed and it has been shown how individually these concepts have had some
integration with lean. This integration differs depending upon the knowledge of
research of the other concepts. Some integration methods are more advanced than others
and are practised in depth, for example leagile systems and lean sigma. However, some

methods still require further development and enhancement.

2.5  Literature Review Summary

A number of MBIM’s were researched. However lean manufacturing has been the focal
concept. The history and background of all concepts has been discussed as well as the
application. This literature review has discussed the evolution of lean as well as the
application in many different environments. The concepts of lean manufacture are well
documented and implemented, however this extensive review has highlighted a number

of limitations concerning the concept:

e The concept is a radical change; the concept however lacks a holistic view to
relate all concerned supply chain functions.

e The concept requires a standardised environment for optimum
transformation, therefore has little flexibility.

e The concept relies on high quality for transformation, therefore lacks
methods for quality improvements.

* The concept creates theoretical design but it does not consider the practicality

of the implementation process, and therefore lacks testing of the design.
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e In practise the implementation of the design is hard to achieve successfully,

and so lacks implementation structure.

This chapter has highlighted and discussed MBIM’s to try and satisfy these restrictions.
However, though these MBIM’s currently integrate and some practised with lean
manufacture provide a clear method of integration or direction as well as lack the
assessment of method suitability to a given situation or environment. It was thought
possible that this research could create a roadmap of change through the integration of

specific MBIM’s.

Figure 2.27 (Berkhauer-Smith and Spedding, 2007) shows the results of the survey and
indicates the association between these widely used methodologies as they are currently
practised. The similarities and differentiating characteristics of the strategies are

compounded to produce many types of implementation strategies.

The findings of this research demonstrate that lean manufacturing and agile production
can apply to all levels of the supply chain. Due to variability, lean manufacturing
techniques are hard to apply at plant level as well as across companies. Lean thinking is
most applicable in high volume, low variety manufacturing environments. This is easier
to apply as the variants in kanban sizes fluctuate to a lesser extent and the system is
easier to control. However, when in an environment such as a job shop, make to order
situation, flexibility is needed to control the system. Lean will not react efficiently to
significant changes in the process or system, a complex and less stable system and so the
ideas of agile production are more applicable. It is suggested that the better systems are
those that incorporate both lean manufacturing ideas and agile production methods, with
the use of a decoupling point (a leagile system). This is when most of the upstream part
of the chain is standardised and can be controlled better through lean techniques.
However, after decoupling agile production means are more applicable as product
requires more customisation. There is not a great deal of literature on how to apply the
theories on using lean and how agile production can be applied in a supply chain
environment. However, it is felt that these three methodologies can be still be developed

together to provide improved performance.
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Six sigma techniques can be used to influence better optimisation and successful
implementation due to lean manufacturing limitations by working on the quality of the
manufacture of the product. Lean manufacturing assumes that at the time of
transformation there are a few problems related to quality. Realistically this is not true.

Lean sigma initiatives are created to reduce this limitation.

Simulation modelling can be used along with lean techniques to test the theoretical
design within a real time model. This integration will enhance the rate of success as the
design will be tested and issues resolve prior to the real transformation. Discrete event
simulation can be used to optimise a theoretical system through validating and verifying
the suggested future state theoretical models. Discrete event simulation also introduces

factors related to human error through distributions.

Another area of interest that could be considered is the use of the internet with Attaran
(2001) discussing the internet’s use in the supply chain through online procurement.
This process can give a quicker response to the supplier and can be used further
downstream in the manufacturing department to reduce lead times and inventory.
Information such as stock levels can easily be sent and introducing the use of the internet
in the supply chain would reduce information distortion such as the bullwhip effect. It is
felt that the internet will have a large impact on MBIM’s in the future by reducing

transactions.

Studying the inter-relationships between these Manufacturing Business Improvement

Concepts resulted in the creation of the following statements;

1. (LM + AP) = Leagile System

2. (LM + SCM) + (AP + SCM) = Leagile Supply Chain System

3. (LM + SS) + (SCM + SS) = Quality Improved Leagile Supply Chain System

4. (M + IM) + (SCM + IM) + (SCM + IM) = Quality Improved Leagile Supply Chain
System with Implementation Structure

5. (LM + DES) + (SS + DES) + (SCM + DES) = Discrete Event Simulation with

Operational Strategies

Where;
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LM = Lean Manufacture

AP = Agile Production

SCM = Supply Chain Management
SS = Six Sigma

IM = Implementation Management

DES = Discrete Event Simulation

With statements 1 and 2 involving agile production, a unified system can be produced by
integrating all Manufacturing Business Ilmprovement Methods to create a unique

strategy that can be accurately tailored to a chosen environment.

Baker (2002) and O’Corrbui (1999) cited in Bhasin and Burcher (2006) state that;

.... Less than 10 per cent of UK organisations have accomplished successful
lean implementation.”

This quotation was discussed in depth and for this reason, it was thought that change and
strategy management, were to be investigated in particular the understanding of the
environmental culture (Berkhauer-Smith and Bhatti, 2007a). The findings from this
literature review show all techniques studied have some correlation with lean

manufacturing. Figure 2.28 was created by the author and indicates this association.

Figure 2.28 shows the integration with lean thinking and other MBIM’s as they are
currently practised today. The main findings in the research were that lean manufacture
is a successful MBIM, however it has certain limitations. These limitations are reduced
through individual integration with lean manufacture, which all have differing
development phases. Based on the findings within this research, it has been concluded
that these concepts can be integrated together to give a methodology of application to

enhance the success rate.

What this research has also identified is that whilst these restrictions are solved
individually there is not any research concerned with the integration of all of these
methods that enable a user to design and implement a change business improvement

program.
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Figure 2.28: The Interaction of manufacturing business improvement methods

2.6  Thesis Layout

The structure of this thesis is of a logical and consistent nature. Chapter 1 introduced the
research by describing the research area and the importance to BAE Systems of this
research subject. Chapter 2 highlighted the extensive research undertaken in the chosen
topics and also shows the sources information, as well as the justification, relevance and
suitability to the research area. Within this chapter the implementation relationships
between the subject areas are discussed and the results highlighted introduce the niche

within the literature review.

In Chapter 3, the methodology and approach taken to adopt the theories will be outlined.
The design methodology justifies the research requirement by discussing the integration
strategy of the business improvement implementation concepts. This generates a

roadmap for change introducing the user to these techniques in an integrated sequential
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format. The design methodology is defended and analysed through the use of case
studies within Chapters 4, 5 and 6. These chapters demonstrate how the manufacturing
business improvement roadmap is tailored accordingly to meet the needs of the differing
case study environments. The critical justifications made are also highlighted to show

the decisions making process throughout the integrated topics.

The structures of the case studies are defined to show the versatility of the roadmap, by
applying the methodology to differing areas within the supply chain. The case study in
Chapter 4 investigates and sets to improve the relationship and lead times between a
supplier and a buyer. From this the case study in Chapter 5 researches into more depth
the processes at the end of this internal supply chain of the supplier to instigate the
material and information flow across the external supply chain. Similarly the third case
study (Chapter 6) investigates the initial processes within the buyers internal supply

chain to practise better material and information flow internally and externaily.

Chapter 7 discusses the findings and results of the research study and whether the initial
objectives have been successfully completed. This chapter concludes the research

material.

The Chapter 8 discusses further work that could be investigated from opportunities
derived from this research study. Chapter 9 identifies the references and sources of
information required to conduct this study. The thesis Bibliography is also included as

well as the Appendices in a logical sequence, according to the Harvard System.

2.7  Chapter Summary

This chapter has discussed many research areas through a literature review and it has
highlighted the current practised MBIM’s. The main subject area was lean manufacture,
the relationships between this concept and other MBIM’s were investigated to identify
any significant integrated methods. This chapter has discussed these integrated methods
and has highlighted a requirement for an integrated method of application. This chapter
has also represented the case for the research work and discusses how the thesis has been

approached.
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CHAPTER 3 : PROPOSED DESIGN METHODOLOGY

31 Chapter Introduction

This chapter discusses the development of a design methodology that sets out to fulfil
the requirements outlined in the literature survey in Chapter 2. The literature review
highlighted that there were limitations with the philosophy of lean thinking. These were
related to limited flexibility, distorted views as the supply chain increased the
assumption of high quality, the lack of human variability and that the designs are hard to
implement successfully, this lead to the research of many MBIMs. Also in this chapter
the integration of the researched MBIMs is discussed by highlighting how the proposed
methodology is developed. The specifics and scope of the proposed methodology are
discussed and it is assessed against other MBIM frameworks with comparisons being

made and justified.

3.2 Conceptual Integration

In the literature review it was discussed how the focal MBIM researched was lean
manufacturing. It was highlighted how lean manufacturing has certain limitations. The
literature review concluded that lean manufacturing has been currently integrated with
some other MBIMs, however there is scope to integrate further to (figure 2.26, page 69
create a roadmap of change to improve the route of success. Figure 2.26 (page 69) can
be reiterated further and the MBIMs can be classified into method types. Figure 3.1
displays the classification of the MBIMs, as classified by the author. It can be seen that
lean manufacturing, agile production, supply chain management, six sigma and discrete
event simulation are classified as operational methods (Bayrakar et al, 2007). From the
literature survey it is clear that implementation management falls into two categories,
either cultural change management, dealing with cultural change issues related to
implementing MBIMs (Balogun and Jenkins, 2003) or strategy management tools on

how to move through the change process (Tagore, 2007).

Strategic concepts involve issues related to project management, project definition,
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This top level integration was expanded further to demonstrate detailed integration. This
displayed the specific strengths and benefits of lean thinking as well as how aspects of
other MBIM would fill the ‘gap’ of the limitations identified in lean manufacturing
tools. Figure 3.4 created by the author shows how these concepts have been expanded
to demonstrate the strengths and abilities of each MBIM listed. It also highlights the
impact of the use of these concepts on each other and what the benefits of integrating
these are, as shown in the diagram. This diagram is an overview of many MBIMs and
engages many tools and aligns them together. The literature review discussed the
strongly proven concept of lean manufacturing. It also demonstrated how this is a
concept best applied in a low variety, high volume production environment. The lean
approach requires a stable environment and creates standardisation through continuous
flow and pull systems. It has been argued that lean may not necessarily be the best
technique to use in an environment such as the aerospace industry, which is a lower

volume producing bespoke environment (Phillips, 1999).

However, the principles can be applied and adapted to improve a system. VSM is a
micro-mapping tool used in lean thinking that has transformed many systems (Rother
and Shook, 1999). However the aerospace business requires greater flexibility and agile

production creates this flexibility (Maskell, 1994).

These micro-mapping tools provide the in depth improvements usually associated with a
production line or departments units within a site (Rother and Shook, 1999). In some
instances, to provide improvements across the whole company a holistic approach would
be required to not only link together the smaller micro-mapping projects (Scholtes,
1998), but to understand the logistics including the movement of material either
throughout a plant or among the external supply chain (Womack and Jones, 2002). A
holistic approach would also consider the business as a whole and not just individual
efforts. Supply chain management techniques help focus and provide an initial starting

point for change within large complex organisations.
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By introducing a holistic approach for micro-mapped systems, creates an optimum
future state ‘blue sky vision’. To implement this theoretical system straight into a real
environment could have disadvantageous affects in a large complex business.
Operational optimisation tools can be applied before actual implementation. These
optimisation tools will provide project definition and will highlight areas that may cause
concern before implementation, but can also aid in the verification of concerning areas
highlighted from the operational analysis tools. Six sigma is an example of this. Six
sigma is a methodology of quality improvement tools which can aid the mapped project
and improve the future state (Pande, 2000). Likewise, discrete event simulation can be
used in a specific area of the proposed system. One particular disadvantage of discrete
event simulation is the time taken to create the model as well as it being costly. If
discrete event simulation is seen as a tool that could be used to assist the proposed
system either through validation, verification or justification of a particular area, defined
by applying the operational analysis tools, then this would reduce the modelling time

and cost.

Discrete event simulation can also introduce the factors associated with human
variability which will enhance the proposed system before implementation. This will
potentially reduce implementation lead time as well as increasing employee acceptance
through a smoother implementation process and introducing employee empowerment.
By using these operational optimisation tools, important factors such as quality and time
are not normally considered in operational analysis tools. VSM has no consideration for
real time and assumes that the quality of the system is of a high standard. All of this

analysis is represented in figure 3.4.

The design of the proposed methodology consists of a structured roadmap to ensure that
all concepts are suitably assessed before application. This works against the principles
of lean thinking and the concepts of kaizen, however a deeper understanding is required
for such a corporate complex industry as systems thinking concepts are required to
create an enterprise view. Without a structured framework the application becomes
dysfunctional and creates ‘pockets’ of improvement initiatives in isolation (Scholtes,

1998) through the structured design.
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The proposed methodology has been created for a large worldwide aerospace company
and therefore requires an in depth change analysis system utilising many techniques and
concepts, in an effort to justify change by financial gain and employee acceptance. A
methodology of this complexity is required to create an enterprise view through systems
thinking and so requires a high level of analysis. Without detailed analysis of the
concept, design and implementation of any change improvement project, the effects
could be costly and create a negative impact. An environment such as the aerospace
industry experiences long manufacturing lead times due to the use of high technology in
the product design, as well as issues related to customer requirements such as high
product quality, product traceability and limited supplier sourcing among other factors.
The aerospace industry in comparison to the automotive industry is an environment that
is considered to have a low product volume along with a high product variety (Philips,
1999). Products designed and manufactured in this environment tend to be specialist in
nature with bespoke design for a number of reasons, requiring a large expert supplier
base, with holding stock, planning and purchasing of obsolete items and long life cycles,
which can all be costly. These are the main considerations when creating the proposed
methodology as well as filling in the gaps that currently exist. Having a complex
industry requires a structured and well defined methodology. The proposed
methodology is a roadmap and allows the user to tailor the framework to the project
requirements, giving a clear path of direction. It has been colour coded throughout to
highlight the difference between the concepts, so it is possible to eliminate certain
aspects of the proposed methodology depending upon the improvement project
requirement. Therefore, the roadmap is scaled down as the project progresses and

becomes more defined and simpler, thus highlighting the pathway of change.

The literature review highlighted the requirement for a structured change program. This
proposed methodology has accommodated all of the restrictions of lean thinking
stipulated in the literature review and achieved this hypothesis of conceptual integration,

from design to implementation of an improvement project.
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3.3  Proposed methodology development

All businesses undertake improvement projects to remain in an ever changing and
competitive market. Businesses wishing to make changes require a roadmap of business
improvement tools which provides them with a structured guide, thus eliminating the
need for expert advice or theoretical misuse and attaining the skill base within the
organisation. From undertaking the research demonstrated in the literature review, it
was concluded that an integrated business improvement methodology was required that
incorporates tools of lean thinking and eliminates the restrictions identified, as well as
providing conceptual integration of all researched MBIMs. Figure 3.5 developed by the
author highlights the stages of change necessary: planning, creating, data collection,
analysis and strategic implementation. The initial development of the proposed
methodology was based upon Deming’s Plan, Do, Check, Act, cycle along with the six

sigma DMAIC process..

The three main concepts of strategy, operations and cultural management (figure 3.2,
page 78), integrated along with these cyclic processes can be applied to all improvement
projects at all levels of the supply chain. This concept integrates continuous

improvements holistically as well as detailed improvements internally.

The overall framework was generated from the six sigma DMAIC procedure; Stage 1
being the *define’ process. Stages 2 and 3 utilising the ‘measure’ function, however
integrating the current state benchmarking facilities of lean thinking and VSM as an
outcome. Stages 4 and 5 are the use of ‘analyse’ section of the DMAIC process to
generate the future state of the VSM tool of lean thinking. In more detail these stages
would use operational analysis tools to create the stages outcomes. Thus integrating
discrete event simulation and six sigma within lean thinking tools within the DMAIC
cycle (as outlined in figure 2.19, page 53) and thus creating the design of the proposed

system.
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implementation. Stage 7 introduces the definitions design of the implementation and so
aspects of strategic management are integrated with TQM and six sigma to create the
strategic implementation plan. Implementing the system integrates the use of cultural

management with strategy management alongside six sigma and TQM.

Stage 8 takes the strategic plan developed in Stage 7 and works through implementing
this plan. This stage considers a number of cultural aspects that have been analysed

throughout the methodology and this is highlighted more significantly in Stages 3 and 6.

Stage 9 similarly ‘acts’ upon the implementation of the system by ‘analysing’ the
progression and measurement of metrics. Finally Stage 10 ‘controls’ the system by
introducing continuous improvement for the project to sustain, thus using elements of
lean thinking through kaizen bursts of continuous improvement as well as strategy

management tools such as project management including change management.

Figure 3.5 displays the process flow and shows how to achieve the best outcome. The
feedback into the system is also visible thus demonstrating its importance at each stage
and this will ensure the project definition remains true to the project brief. These stages
have been developed further to create a number of sections to enable ease of use. Each
stage is designed so that there are a number of sections to follow and then within these
sections there are guidelines on how to best achieve the requirements. It is important to
understand that the guidelines within each section are to be carried out simultaneously
and that the order stipulated in each section has no regard to order or importance.
Within each stage the conceptual integration continues and provides depth and

justification to the proposed methodology.

The proposed methodology has been created in a flow chart form which is not only user
friendly but also enables the user to tailor it to the particular project. It also allows the
user to use it as a checklist facility to make decisions whether to proceed or whether to
investigate specifics further. Figure 3.6 highlights the feedback and communication key
that has been created and is continually referenced at every stage in the proposed
methodology and this has been extracted from the flowchart to reduce the visual

complexity. The key mainly asks the user to understand issues related to cultural
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management and include project management attributes. The key in figure 3.6 is
developed to understand the current culture and perception of change at the point in time
and it also considers the completion of the guidelines as well as the project timescale.
However, the management of cultural change is assessed overall in Stage 6 of the
proposed methodology, taking into consideration the cultural information gathered

within the communication key.

The flow diagram of the integrated proposed methodology is shown in figures 3.7 -
3.16. The design of the flow chart methodology has been created in a generic format.
Throughout, there is direction from project inputs and outputs within the stages,
including what the stage aims to achieve. Generic feedback loops have been included
that allow the user to feedback into the system as necessary within any stage. The
feedback and communication key is considered at every stage to encourage change. The
proposed methodology also allows flexibility by enabling the user to make the decisions
concerning the completion of each stage, again allowing the proposed methodology to

be tailored to the project requirements.

The initial stages were created to guide the proposed methodology through the design of
the project. This included the true interpretation of the project, the desired outcome of
the project and the key metrics required for the transformation of the project. These
stages were also derived to highlight the importance of an integrated approach and how
different scenarios require different aspects of the concepts. In a large organisation it
cannot be assumed that one technique is applicable to all systems and so the purpose of
this proposed methodology is to select what is suitable, given the users specific

knowledge of the system.
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Defining the project strategy would necessitate to the user to investigate the options and
pathways of the project, along with gain retention and appropriateness. These facets of
project strategy creation are defined as strategy management concepts. However,
sustainability is a concept associated to lean thinking and the application of 5S (Bicheno,
2004). This part in Stage | also considers the future market and studies the future
through forecasting as both measurements are considered to be associated with the
integration of strategic concepts (Slack et al, 2007) along with operational analysis ideas

through agile production (Maskell, 1994).

The future state definition is probably best associated with lean thinking (Field, 2001)
which executes VSM and similarly simulation modelling can be carried out for scenario
testing (Lian and Van Landeghem, 2007). It is anticipated at this stage in the project
creation, the content through mapping and modelling will be of very little detail. Project
management theories are practised alongside cultural and operation strategies such as six
sigma and supply chain management. This part of the methodology defines the scope of
the project by creating deliverables, defining milestones and due dates. It is also
necessary to understand the external constraints and the influences impacting the project
and how this will affect the transition. Understanding the project acceptance is an
important factor of effective cultural management (Bolstorff and Rosenbaum, 2003).
Within Stage 1, Section II, aspects of the ‘measure’ function of the six sigma DMAIC
process, are used along with environment assessment related to culture change
management (Paton and McCalman, 2003). When assessing the tangible deliverables a
holistic view is required so that improvement projects are not isolated and this involves
theories behind supply chain management (Handfield and Ernest, 1999). The plans of
the deliverables need to be benchmarked to monitor progression which again uses lean

thinking principles.

Another part within this stage assess the project approval and ownership, which uses the
features of strategy management (Finlay, 2000), however it integrates with six sigma
initiatives which heavily rely on champions to oversee greenbelt projects (Coulter,
2005). At this point in the proposed methodology there is a feedback loop incorporated
to enable further gathering of information as project acceptance by all stakeholders is the

key to moving forward.
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From the knowledge gained in this initial stage, the current process flows of the business
can be determined and benchmarked through lean thinking methods of VSM. However,
it is also important to create ideas and benchmark the current culture to enable a
continuation of benchmarking to measure the cultural changes through strategical and

operational changes (figure 3.2, page 78).

It is at this stage that the feedback and communication key (figure 3.6, page 87) is
consulted as well as incorporating another feedback loop into the system. The key
works through typical questions that are required within every stage, the feedback and
communication key assess the cultural changes as well as project management style
guidelines. As a feedback loop into the system it is essential to ensure that the project
remains true to the brief (Scholtes, 1998). It also ensures that the stakeholders are in
agreement with the monitored progress. It is at this point that the user can make the
decision that the guidelines have been used efficiently depending on the project
requirements. It is extremely important to ensure that the progress of the project is
measured at every stage in the proposed methodology, to ensure that the features of lean

thinking are adhered through benchmarking.

This loop will ensure that the selected project is within the time frame, but more
importantly the project will be reassessed for changes that will be documented and thus
ensure the project will meet the initial definition and strategy. The output of this stage is
the project definition and this is so that throughout the stages it can be compared to the
original brief. The ultimate outcome from Stage 1 is an understanding of the current
state flow in the form of a VSM with strategic opinion as well as cultural current state
analysis. Once the output has been created and all of the stage requirements are met the

flow chart moves through into Stage 2 of the proposed methodology.

3.3.2 Stage 2 - Planning the Measurements

The second stage of the improvement process is to plan the measurements that will be
required for the project transition. Similar to the ‘measure’ function of the DMAIC
process, it is this stage in the proposed methodology that is of significant size as the
planning of a project is the key to better implementation accuracy, figure 3.8. As the

project is aligned and the scope of the project analysed, a plan of the data to be measured
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It was discussed within the literature review that lean thinking concepts could restrict the
system, should it not be standardised. It was concluded that flexibility would be
provided by agile production tools to reduce this limitation (Cox and Chicksand, 2005).
The following part of the proposed methodology defines the need for further
requirements and initiates a second phase of data collection given that the results of the
previous ‘measure’ are limited to project specific requirements. An enterprise approach
is considered in the next section (Section IV), outlining how to expand the micro mapped
system to other departments. This requires investigating the logistics functions as well

as the suppliers and aims to improve them.

This stage of the proposed methodology assesses the realism of the project through the
collection of metrics for validity and reliability. These specifics are centred more on
external supply chain topics to create the holistic view identified in the literature review.
This part of the proposed methodology takes the fundamentals of the operational
methods and measures the requirements amongst the external supply chain, to elevate
issues considered with isolated improvement projects (Scholtes, 1998). This was
another aspect that was studied within the literature review. Lean thinking methods are
best applied to plant level implementation, by introducing supply chain management
with tools lean thinking concepts these restrictions would be reduced (Cagliano et al,

2006).

The planned measures are considered for validity and accuracy, as inaccurate
information is of little value. Strategy management tools are used to assess the
requirement alongside lean thinking and six sigma tools such as Process Activity
Mapping (Bicheno, 2000) to measure the value added activity to non-value added
activity. A feedback loop has been incorporated to assess the need for further
information before proceeding onto the next stage since a great deal of decision making

has already been made up to this stage.

By planning the metrics, it is not just the numeric, technical and physical data that is
required but also the capacity and resources required need to be taken into account.
Capacity and resource planning are attributes of strategy and project management
(Russell and Taylor, 2000). However, the roadmap also considers any training that may

possibly be required. This identifies cultural methods as there is the need for knowledge
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Here (Stage 3, Section III) discrete event simulation can be used to highlight obvious
issues related to the project. It is most likely that these will be current problems that are
obvious without any analysis, that requires immediate attention by validating, verify or
justifying the concerns. Such issues are likely to highlight bottlenecks. These models
are needed to confirm initial suspicions, and are used as a tool to demonstrate the

importance of these problems to others.

Demonstrated here is the benefit of tailoring an improvement program through a number
of methods and the use of discrete event simulation to highlight issues, which in turn
will improve the acceptance of the project through reassurance. A conscious decision
was made by the author, to only highlight the use of discrete event simulation with the
physical system. If the cultural model was created the research parameters would
increase and this would extend the project timescale. This methodology does not use
discrete event simulation to model the current state culture and is seen as extended
research work beyond this study and it is felt that there is little benefit to be gained with
the length of time spent. Extensive knowledge is required about the system as well as
the modelling techniques to model cultural transitions. When creating the physical
current state simulation model the data collected for the PAM is used to define the
model. If further information is required beyond that of the PAM the factors of time
versus benefit have to be considered. Typical steps of simulation modelling creation are

used within the proposed design methodology (Banks et al, 1994).

The current state culture will be analysed through a matrix (Finlay, 2000). As the
project changes, so will the culture content within this matrix thus enabling the user to
monitor the change throughout and before the overall culture analysis in Stage 6. As the
data is being collected and recorded, it will be evident whether any further information is
required and if this is so, what this it is. Depending on the scale of further information
the user can use the feedback loop to feedback into Stage 2 and redefine all of the

necessary measurements to be taken.

At this juncture of the methodology, the accuracy and reliability of the data can be
assessed as this may be a point of returning back to Stage 2 if quality of data is deemed
to be poor. These are typical aspects of project management (Slack et al, 1998) and six

sigma methods through the DMAIC function (Pandes, 2000). Again the feedback and
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The following stage takes a holistic approach and assesses the project requirements for
overall measurements. From the project definition the proposed design methodology
will be simpler to implement, due to scaling down the roadmap depending on the project
needs as not all sections or guidelines will be necessary. This stage also considers

logistics as well as departmental integration.

As the scale of the project could be reasonably quite large, it is felt that at this point in
the project it may be necessary to reduce it into sub groups and the proposed
methodology allows for this decision making process. This then guarantees that the
project remains united between the departments/factories and that projects are not
carried out in isolation. The supply chain will be analysed to reassess issues such as
material and information flow, quality and lead times. The overall picture can be fused
together through systems thinking methods (Scholtes, 1998), ensuring that the
information in the lower levels is accurate and reliable. At this point in the stage,
feedback is sought regarding the need for the decision of the project into sub-groups.
This allows the integration of sub groups or departmental projects to be fed back into the

proposed methodology to create a top level and holistic view of the business.

It is important to remember that the project also requires a degree of management skills
to stabilise the system through the management of other projects and assess the overall
project with regard to cost and risk. There may possibly also be a need for structural
changes to the company as well as new organisational and work breakdown structures.
As another feedback loop, the proposed methodology realises that it is important to
consider the situation further and assess whether technical current state is as good as the
process can do. This can be achieved through implementing lean thinking through
kaizen events, six sigma through data analysis and strategy management through project
management. So, this stage of the proposed methodology provides an understanding not

only where the process can be improved through theory but also through experience.

If only operational tools are used to change the project then the success will not be very
high (Reijers and Liman Mansar, 2005). Therefore, strategy management tools also
need to be considered (Knowles et al, 2005) to manage the transition either through cost
analysis organisational structural changes, communication plans, resource planes,

timescales and objectives to name a few. Lean thinking alone does not consider the

102.



planning and management involved with the implementation of a system. It was
necessary at this stage to question the results produced, as a great deal of information has
been addressed and processed and it was felt that it was essential to question what has
been achieved thus far. Should any faults or mistakes occur the project could feedback

into the system.

From this it is then expected that the technical future state can be generated. In turn
these technical changes should be documented for investigation, by highlighting the
significant technical changes and this benchmarking processes allows the user to

consider concepts of lean thinking and six sigma through mapping and data analysis.

By analysing the significant differences between the current and future states, the
documentation can be referred back to highlight the milestones and transitional
accomplishments.  This strategy complies with continuous improvement initiates
associated with lean thinking and six sigma. These considerable changes should
measure lead times and the reduction in inventory through waste elimination as well as
strategy management issues such as costs and quality. Like the previous stages the data
is assessed for reliability as well as the feedback and communication key. The final
outcome from the fourth stage is the technical future state. Within the literature review
it was highlighted that one particular limitation of lean thinking was the consideration of
‘real time” events. It was thought within the literature review that simulation modelling
could benefit ‘operational analysis tools’ by testing in a simulated system of the
theoretical model. Stage 5 takes the data analysis and evaluates the limitation

highlighted within the literature review.

3.3.5 Stage 5 — Improving the Results and Defining the Optimum Technical
Future State

The fifth stage takes the results from the previous stage, the technical future state and
investigates the need for further improvement. This stage identifies how the technical
future state can be improved through simulation modelling including verification and
that the suggested improvements from the technical future state are achievable. This

stage satisfies the lean thinking limitation of implementing a theoretical future state
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From previous research these technical results can be evaluated further to check the
validity in a real system. To do this the proposed methodology creates questions to be
answered about the reliability and achievability of the results produced from the
technical theory. The approach that the proposed methodology uses is through computer
simulation modelling. This then allows the results of the system to be tested on a model
before making these changes in the real system. The approach taken here to define the
future state model is adopted from Banks et al, 1994 from which aspects of simulation
model building were used from the ‘steps in a model’. The information derived for the
technical future state is used. Once more these results are likely to produce further
questions that may have to be considered by feeding back into the system through the

feedback loops.

This model can then be used to simulate other aspects that may not have been studied in
the operational analysis tools, thus improving and justifying the results of the change
process to make more realistic and achievable. ‘Operational analysis tools’ do not assess
the effects of shift patterns and the concept of time (Worley and Doolen, 2006). Also
resource and capacity planning are also not utilised in these tools (operational analysis
tools) and hence this is where the use of discrete event simulation is important.

It will be necessary to investigate the project to ensure that it is meeting the initial
requirements that were set and that all stakeholders involved are satisfied with the
progress the project is making. As with the current state simulation model the
operational analysis tool will tailor and give direction of where to apply discrete event
simulation. This stage will use discrete event simulation to understand other factors
where these operational analysis tools do not consider, for example machine and labour
utilisation, the aspect of time to include shift patterns, to highlight bottlenecks and other

related factors.

3.3.6 Stage 6 — Analysing the Cultural Data and Defining the Overall Future State

Stage 6 analyses the cultural data, shown in figure 3.12. The reasoning behind this stage
is to reassess the overall technical future state to include the influences of the changing
culture. A major concern that was discovered within the literature research study was
the integration of technical data with cultural data. ‘Operational analysis tools’ such as

lean thinking only analyse the technical information of a system (Fearne and Fowler,
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Goals and targets are set within the proposed methodology to guarantee that all aspects
of the theoretical design are met, by creating feedback loops to verify that the
implementation design is in line with the theoretical design of the future state. Most
importantly time constraints are added to these objectives to ensure the sustainability
whereas lean thinking tools place very generic time restraints on the implementation of
the design as discussed in the literature review. It is intended that in this proposed
methodology structured and achievable time constraints will be set to ensure greater
implementation success through strategic management tools such as project
management. The strategic plan will then be documented ready for analysis. The
strategic implementation plan will be the most customised part of the proposed
methodology while the other stages are however tailored and will still remain very

generic.

Once the strategic plan has been documented it is analysed on topics such as costs,
profits, durability, work breakdown structures and organisational work breakdown
structures. The change agents, those people directly linked to the project and drive the
changes will be involved in the plan. The transparency and reliability of the project will
also be considered to ensure that the improvements are generic for other areas. At this
point in the stage the feasibility of the project is questioned in terms of financial,
resource and structural. These are all areas of implementation management that lean
thinking does not consider when transforming a system. The feedback and
communication key is analysed and a number of questions are placed before the output
to ensure that all aspects are considered. The output from this stage will be an improved

strategic plan.

3.3.8 Stage 8 — Implement the Strategy

Figure 3.14 displays the steps of Stage 8 of the proposed methodology, which is to
“Implement the Strategy”. This module will concentrate more on the monitoring of the
cultural environment the physical changes as these have been defined and are less fluid
then cultural issues and constraints. It is this stage that is the most significant with
regard to the success of the project implementation. This stage is based upon the ‘Do’
function of the TQM cycle previously discussed as the Plan, Do, Check, Act (PDCA)
cycle (Liker, 2004).
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was actually carried out. Finally the initial project plan can be assessed to investigate
the project as a whole and to challenge any discrepancies with regard to meeting the
goals and objectives as well as the timescales. These issues should be kept to a
minimum due to the continual assessment carried out throughout the proposed
methodology via the feedback loops, including the feedback and communication key.
All of these sections will involve the input from the stakeholders by incorporating
theories from culture management. This is through discussions and communication

plans, as well as strategy management by questioning the actual results.

From the analysis in these steps within Stage 9 will be documented in the form of reports
and it is here that the proposed methodology has further feedback loops for
improvement. This stage will also calculate the usual measurements, for example
looking at the progress measured throughout the project as well as the views and culture
barriers that may have occurred. The outcome for Stage 9 will be the overall

investigated and assessed results from the entire project which will be fully documented.

3.3.10 Stage 10 — Control the Project to Sustain

The final Stage 10 is considered to be the most important as this will determine the
success of the whole project. This stage is concerned with finalising the continuum of
the operations, strategy and culture cycle. This stage is about controlling the project to
sustain the improvements made, as utilised by the ‘control’ function of the DMAIC six
sigma process. Figure 3.16 shows the flow diagram of Stage 10 of the proposed
methodology. The first point is to understand how to control the physical system,
ensuring that the designed system remains within it limits and constraints. This can be
achieved through six sigma tools. However, the system is also required to be reactive to
the customer demand as well control of the structure is also necessary. Therefore the
proposed methodology needs to be cautiously balanced. Variances in this system need
to be understood and so the actual to required measurements of the improved system

have also to be monitored and adjusted accordingly.
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needs to be periodically restarted as a form of continuous improvement and to
emphasize sustainability and control. Creating the output of an improved more efficient

system physically and socially.

34 Research Justification

Particular frameworks that are associated with MBIM’s are shown in figure 3.17. This
diagram highlights existing improvement concepts that have been utilised within this
research study and where they have been integrated within the proposed methodology.
The figure highlights the features of the tools and their association with the proposed
methodology. It can be seen how the features of these existing frameworks only

consider certain aspects of the integrated from this research.

When analysing the diagram it can be seen that lean manufacturing tools focus
particularly at recording data and analysing the technical information. Lean thinking
tools are also associated with continuous improvement by measuring the progress and
sustaining the improvements. Agile production tools concentrate on planning, recording
and analysing a system to synchronise the project, which are different attributes to lean
thinking. The figure shows many tools of supply chain management, which have a
range of features. Whilst some specialise in project design through measurement
planning data recording and analysis, other tools feature aspects of implementation tools,

such as implementation strategy plans as well as progress measurement and sustainment.

Discrete event simulation tools have purely been executed to optimise a given system.
These tools also have methods to plan the measurements requirements, however the
primary functions is to verify and validate the system in a real time form. Tools that
have broad aspects which fit closest to this proposed methodology are features of six
sigma methods. The diagram shows how six sigma and quality associated tools have
functions across all aspects of the proposed methodology apart from cultural techniques.
The DMAIC cycle is very versatile and can be applied in any given system, however the

PDCA cycle can be reiterated through project design as well as project implementation.
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What is apparent from this diagram is that no existing framework considers all three
main strategies of operations, strategy and cultural, unlike the proposed methodology

created within this research study.

This unified approach created in the proposed design methodology has ensured that a
number of strategies that are not currently synchronised can be implemented
successfully. The literature review also highlights that the failure rate of improvement
initiative programs is quite high, due to the lack of planning of the cultural aspects and
because technical issues are easier to implement. This methodology satisfies two main

objectives (Berkhauer-Smith and Spedding, 2007);

1) An Integrated Business Improvement system that analyses many improvement
concepts.

2) Implementing this theoretical design through analysing and evolving cultural aspects.

The main significant advantage gained from the methodology is the development of a
specific development path to follow. This automatically reduces factors associated with
cost, time, resources and increases success rates. Having this path of transformation
alleviates cultural issues and resistance to change, it gives the project team assurance
that the right changes are being made in the most efficient manner, therefore allowing a
smoother acceptance of a change initiative program. This time can be better spent on
training and culture programs to ensure greater implementation success. All of these
factors will aid the reduction of the lead-time of a traditional change improvement

program.

3.5  Proposed methodology Summary

Having identified the limitations of lean manufacturing within the literature review, it
was also highlighted how other MBIM’s could be integrated to elevate these restrictions.
The literature review also identified the need for a structured design and implementation

guide for business improvements.
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This chapter has discussed how the overall design of the proposed methodology was
created by outlining 10 stages through quality initiatives. The chapter has also explained
in detail the content of each stage and how the MBIM’s are used and the reasoning
behind the structure. The scope has moved through all three main concepts of business
improvements and has allowed concepts of each method to create movement through the
proposed methodology. The main focus of the integrated techniques were around the

limitations of lean manufacturing.

The specific beneficial and most influential factors of these theories have been defined
in figure 3.2 (page 78), along with impacting issues from one concept to another. This
chapter has also described in detail the proposed methodology structure providing
profound knowledge of this conceptual integration through the use of simultaneous

guidelines within sections of a flow chart.

Existing frameworks that have been researched and studied within this research work
have been represented in a table figure 3.17 (page 120). The aspects of these
frameworks have been discussed and compared to the proposed methodology created
within this investigation. This justified the proposed methodology against currently
practised methods and demonstrated that there does not existence a methodology that
integrates main MBIMs through classifications of operations, strategy and cultural
methods. The proposed methodology considers many theories and concepts, as well as

allowing the user to tailor the proposed methodology to the suitability of the project.

3.6  Chapter Summary

This chapter presented a comprehensive proposed methodology for continual transition
from design to the implementation of business improvement techniques for the
aerospace industry. The proposed methodology is presented in 10 stages that consider
and integrate a number of operational theories along with strategy concepts, including
cultural investigation. The results of the literature review have been accomplished
within the methodology proving the research justification and contribution to
knowledge. Having created a unified concept the next phase is to test the proposed

methodology by applying to case studies within the aerospace industry.
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CHAPTER 4 : CASESTUDY 1

APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO
IMPROVE SUPPLIER - BUYER COMMUNICATION

4.1 Chapter Introduction

The application of the proposed methodology is demonstrated within this chapter. This
first case study aims to improve the communication between the supplier and buyer.
This proposed methodology application is seen as a top level study. It is anticipated that
this study will generate internal sub projects with each discussed company, with the

foresight to reduce the product lead time throughout the supply chain.

4.2  Methodology Approach

The flow diagram highlighted in Chapter 3 (figure 3.7 — 3.16, pages 89 to 118) was used
and applied to a top level improvement program. This project was initiated by the buyer
to improve the relationship and communication with the supplier. By working with their
suppliers and initiating lower level improvement programs, the two companies could

work together to create a number of product supply chain improvements such as:

¢ Better quality products

e Shorter lead-times

e Improved transit times

e Better designed products
¢ Reduce inventory

e Lower costs

The aim of this case study is to work with the company to find appropriate ways to
quantity these measures. All of these benefits would be passed onto the end customer;
making both companies more competitive. It is thought that this first case study will be

used to guide the lower level internal case studies within each company, thus ensuring
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continuity and communication between the companies. The methodology is applied
through the use of the flow diagram (figure 3.7 - 3.16, pages 89 to 118); the sections are
applied sequentially however the guidelines are applied as required. This chapter
discusses how the proposed methodology has been applied, as well as a reasoned

explanation to justify the tailoring of the design methodology to the project.

4.3 Company Overview

4.3.1 The supplier - Amphenol UK Operations,

Amphenol are a world-wide company and has a seventy year history and are global
leaders in inter-connector technology. They have been present in the UK since 1957 and
the UK plant at Whitstable produces connectors, as well as inter-connector systems.
Amphenol UK have a manufacturing plant covering 14,000 m” and use a range of
technologies and processes of connector and cable assembly manufacture. The company
has £30 million in revenue and 366 employees (June 2006). Their complete product
ranges are used within the military/aerospace sector as well as broadband, mobile and
wireless communications. Amphenol UK are a typical manufacturing company that has
tried many improvement programs with little success. The company has realised that
improvements and changes need to take place and in 2003 the company implemented

aspects of lean manufacture by understanding the flow and kanban initiatives.

4.3.2 The buyer — BAE Systems, Rochester

BAE systems are the world’s third largest defence contractor, the largest in Europe and a
commercial aerospace manufacturer. BAE Systems is the premier global defence and
aerospace company delivering a full range of products and services for air, land and
naval forces, as well as advanced electronics, information technology solutions and
customer support services. Annual sales exceed £15bn and overall they employ 96,000
highly skilled people (June 2006). Like Amphenol, BAE Systems, have also
implemented many improvement initiatives with limited success due to the lack of an
enterprise view and lack of supply chain integration. The company has carried out many
training programs with a high percentage of the employees being trained in varying six

sigma levels. Many awards have been won due to the success of their improvement
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information. The cultural nature of this project is not only to monitor and guide the

change but to ensure continuity and communication through these operational changes.

4.6  Methodology Justification through Application

The proposed methodology has been justified through the completion of the guidelines
within the sections of the stages created in the methodology. This example has been
used to highlight the application of a strategic and cultural based improvement project.
Factors due to environmental changes and the relevance of communication and
continuity should be monitored to achieve sustainability within lower level projects, as
well as creating strategic direction for internal improvement analysis. This application
example has allowed methodology justification by highlighting differing objectives and

achievements that can be obtained through this versatile integrated methodology.

4.7  Chapter Summary

This chapter has discussed the initial use of the methodology within a top level
improvement project. This case study example was created to ensure that the internal
operational studies were continually monitored and that the initial objectives were met.
In order for this methodology application to be completed, studies 2 and 3 need to be
started and the methodology applied. This will provide the detail for this cultural
change. Within the next two chapters these studies will be discussed and the

methodology application will be demonstrated allowing the completion of case study 1.
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CHAPTER § : CASE STUDY 2

APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO
IMPROVE THE SUPPLIER’S MANUFACTURING PROCESS

5.1 Chapter Introduction

This chapter uses the design methodology and applies the theory to a supplier of BAE
Systems. This case study uses the proposed methodology and tailors the design to a
production line to improve the internal processes with the ultimate aim of improving the

efficiency of manufacturing processes to make the company more competitive.

52  Methodology Approach

As with the previous methodology application, the flow chart of the design methodology
(figure 3.7 — 3.16, pages 89 to 118) is applied to Amphenol UK. This proposed
methodology application investigates a production process at the end of the supplier’s
internal supply chain. It was felt that this methodology application would enable a third
methodology application to follow the product through into the initial processes of the

buyer’s internal supply chain.

The goals and objectives were to meet the overall requirements outlined in the first

methodology application (Chapter 4), which were;

Better quality products

e Shorter lead-times

e Improved transit times

e Better designed products
e Reduce inventory

e Lower costs
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Relationships to other

people

There appears to be a good relationship between the
management and the production line workers. The line
seems to be very dependent upon the production line
manager and so a lot of the decision making is made by the
operators. The production line workers physically work
independently; on operations throughout the production line.
However they work as a team to produce the end product, by

being multi skilled the team work together to meet deadlines.

Attitude to the

environment and to time

The environment is sufficiently controlled but can also be
adapted to new systems as the company appear to focus on
the future plans. The company’s instructions initiate from
the top of the hierarchy and work down. The planned
Material Requirements Planning (MRP) system is adapted to
meet the customer’s requirements; the company appear to be
particularly busy at the end of each month trying to make the
shipping requests, which highlights the need to be more

responsive to change.

Power and control

The company has many levels of hierarchy and recently these
have been reduced within the manufacturing departments.
Improvements are agreed by management and a budget set to

improve the layout of the production department.

Innovation and learning

It is believed that learning programs for individuals are
existent; however it is thought that this facility is not used. A
company social club is also present and again this is not
used. The attitude to risk is dissimilar on different levels of
the hierarchy scale; production workers generally oppose a
change in the system as this could mean changing their
lifestyle. However these people are very proactive regarding
the data collection program. It is thought that management

are agreeing to the change.

Figure 5.9: The cultural current state at Amphenol
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take longer than to collect the information manually through the questionnaires and
observations. This method created a degree of trust within the team, as when the data
were gathered, it was noticed that this method allowed a wider scope of data collection
and that the method was easily accepted, amongst the employees. It was also thought
that it would be more beneficial to have slightly less specific information, in return for

data with greater variation and randomness.

This survey also allowed for comments from each team member, it allowed each
member to anonymously discuss issues or concerns within the processes, products, tools
and machinery. Generally the results were very informative, however it highlighted that
there were issues related to the availability of the coding machine. The availability of
the coding machine was particularly limited and the process had to be scheduled around
it’s availability as it was shared with other production lines. Other issues were related to
jig changes for ease of use. The survey also highlighted the culture within the team and
concerns were raised as required by part of the questionnaire. It was noticed that the
same issues were raised in the final sections of the survey and that after the initial

completion these sections were left blank on the survey.

It was found that is was harder to clarify the production process from the survey and so
the decision was made to observe the processes as well, by working within the team it
helped to clarify the numeric data collected. This helped to understand the production
processes but also to observe the tools and equipment that were used as well as any

issues that may have arisen.

It was thought that as the project scale was small this manual method of data collection
was preferred as it was less time consuming. It was a respective method that did not rely
on other people to analyse the previous information or collect it. It was thought that as a
method of precaution the product would be tagged as well to confirm and verify the

information collected manually.
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From all of the further information that was collected, the current state mapping adjusted
and a true current state map of the process was created. It was discovered that the initial
current state map (figure 5.8, page 145) was not a true interpretation; this map was
based upon the physical and documented product flow and not based upon the process
flow. Figure 5.28 displays the process orientated current state map. This information
was then validated by observing the team and asking further questions when observing

the individual operations.

As the questionnaires were issued prior to the observation, the team members were
aware of the type of information that was required and that judgements were not made
about the individual team member but about the operation. All observation data were

collected and written in a log book which assisted in the understanding of the processes.

Some observation data were written up as PAMs and stored electronically, however it
was decided that this was very time consuming and as long as the information collected
in the surveys was verified, it was unnecessary to process all of the observation data.
The observation data that were written were analysed and the two following examples of

the processes (figures 5.29 and 5.30) of the production line highlight this information

Figure 5.29 displays one operation completed but with one set of data (therefore without
variation) which was the ‘Coding’ operation. It became apparent that although the
process are seen as independent by the company, the ‘Coding’, ‘Oven Cure’ and ‘Air
Cure’ operations were seen as one operation through mapping techniques. The figure
shows the PAM that was created for this operation and how the value added and non
value added activity was assessed. This information is represented graphically (figure
5.29).  General notes were also mentioned as well as possible simple process
improvements. It was thought that all the information gathered about an operation
would be processed in a similar manner so that all of the information gathered would be
easily visible. The same information is held for the ‘Staking’ operation and this can be

seen in figure 5.30.

160.

























































It was felt that the data recorded on the OTD was misinterpreted as the production line
collected data on the OTD, which on average was found to be thirteen days late. This
information included the bagging process, which it was thought should have been seen
as a separate process to the production line. The bagging department bagged all of the
products on site and were not just dedicated to one production line. By reanalysing this
information, it was found that the production lead time, without the bagging department
considered, would be reduced by 55% to only 8.87 days late. This meant that the true
OTD of the cell was 94%, as the team could complete a work order within the allotted 5

days.

The production quantity was also researched as this would broaden the understanding of
the customer demand and how the team meet this demand. Appendix 5.31 (on CD)
displays this information. It was discovered that the team on average complete twenty-
one work orders per shift, with an average of forty-five connectors per work order. This

totalled that the team per shift produced on average 945 connectors per day.

Other information that was gathered was regarding the WIP inventory around the newly
relocated line (appendix 5.32 (on CD)). This information displayed that at one point in
time 3009 connectors were currently in the system, which totalled to just over 3 days
inventory. From further information gathered, it was seen that the numeric data of the
current state map were marginally different. The production lead time was previously
based on the lead time of a work order and the activity time was based on the
assumption of per connector. So, from revaluating the line, it was apparent that the
production lead time equalled 10.55 days (eliminating the bagging process from the
map). However, the average activity time per work order was 5.115 hours. The average
number of days late was reduced to 8.87 days, so the percentage of value added time
(based on an 8 hour day) was 6.1% which was not ideal, but was an improvement and
more realistic than previously determined. Figure 5.49 displays the updated current

state map.
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From the data collected a list of the production line specifics were created. The

technical current state of the production line is that;

e There are 7 operators for 9 operations

e Most operators work beyond the core hours

e out of 7 operators worked weekends

e The operators are quite highly skilled within the line and are multi skilled so
it would be easy to train all team members for all operations

* The products generally follow 5 different routing throughout the system

e There are many mixed models within the production line

e Customer demand is of a high volume

e Product quality is high within the production line. Quality issues are supplier
related, and this is due to uncompleted plating from other on site company
operations

e The production line is within a straight line arrangement

e The production line is highly dependant on the team leader for cell
organisation and scheduling

e The production line is scheduled by due date

e The production line is allowed 5 working days lead time per product. This is
met on average 94% of the time; however the real figure is lower due to

external quality reasons

The current state culture remained the same as that created in figure 5.34 (page 168);
this was due to the positive attitude of the team members. This cell was seen as the

example of success that the other lines would follow.

The current state simulation model was reassessed to ensure that the further data
collected were used within the model to create greater accuracy. As the production line
had changed its layout in the time frame, the icons within the model were laid out in the
same structure as the production line, however not to scale. Figure 5.51 displays the

simulation model screen view.
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Shift patterns were created to assign the labour to different shifts depending on the time
that they worked. Furthermore, the parts and the processes had to be assigned shift
patterns to give a true interpretation of the production line. Three different types of shifts
were created; there is one shift for a normal working week with core hours between 8am
and 4pm; however the production line work was generally between 6am and 5pm,
enabling the team to meet the customer demand. The model assumed that there were
rest periods for lunch and two 10 min breaks in the morning and afternoon and at peak
times three team members work at the weekends. There are also designated shift
patterns for the coding machine due to the limited availability of the machine. The
mode!l operates by assigning the machines to the labour and so seven operators are
shared between nine production processes and so to cover the set up the labour was then
assigned to the different shift patterns. The batch sizes of the work orders varied
through distributions and were only used in the cycle times of the machines (production
processes). All machine cycle times were varied by multiplying by the ‘Batchsize’
variable and all products regardless of their routing were moved through the booking

system and onto bagging.

The system was verified whilst the model was being built. All routings were built one at
time and the routings were verified by slowing the processes down, through colour,
cycle counts within buffers and by changing certain factors to ensure the model was
correct (see appendix 5.34 (on CD)). The model was also verified by using the

reporting system within the software (see appendix 5.35 (on CD)).

The model was then validated against the real system WIP. A snapshot picture at this
level of WIP was confirmed in the model, as well as the WIP levels recorded by the

production team (see appendix 5.36 (on CD))

The simulation worked accordingly to the real system. After running the model with a
warm up period and then a true production year, the model highlighted that the main
bottlenecks were the banding and coding. Inventory previous to the banding operations
was 601 products and before the coding operation the inventory quantity was 394. The
highest utilised machine was the coding machine at 99.7% and the banding machine was

also highly utilised at 96.7%, however the majority of the time (63.2%) was awaiting
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The value added and non valued added flow was studied within the VSM and can be
seen in figure 5.49 (page 180), this was created from the survey and observation data.
The flow of the product around the production was discussed in Section 5.4.3 and can be
seen in figures 5.31 (page 164), 5.32 (page 165) and 5.33 (page 165). This data
collected confirmed that the process improvement would be best within the product and
operator flow. There is little improvement to be made within the process flow and
organisation as the company had undergone a relocation improvement plan, however,

there remains room for improvement within the product and operator flow.
The takt time had been calculated for both a normal working week without any over
time and a working week with some work on Saturdays (calculated from previous data

appendix 5.31 (on CD)).

Takt Time = Available work time / shift

(Normal working week) Customer demand rate / shift

= 8am till 4pm minus breaks per shift

21 w/o per shift
= (8x60) — (30+10+10) minutes per shift

21 w/o per shift

= 430 minutes per shift

21 w/o per shift

= 20.5 minutes a w/o is to be completed

Takt Time = Available work time / shift

(Working week with overtime) Customer demand rate / shift

= 6am till Spm minus breaks per shift

25 w/o per shift
= (5x60) — (30+10+10) minutes per shift
25 w/o per shift

= 610 minutes per shift

25 w/o per shift

= 24.4 minutes a w/o is to be completed

188.



The cell already works directly to shipping onto the bagging process; however the
bagging lead-time could be studied. The bagging process on average 9.25 days, which

in turns equates to 46.7% of the whole overall production lead-time.

Eliminating bagging from the loop, the production lead-time = 19.8 — 9.25 = 10.55 days.
The average number of hours activity time per w/o = 5.115 hrs. Currently with bagging

included in the production line the % of value added;

=__ (5.115/60) x 100% = 0.08525 x 100% =0.4287 %
(5.115/60) + 19.8 19.88525

0.4% of value added activity within the overall lead-time. With bagging not included in

the production line the percentage of value added;

=__ (5.115/60) x 100% = 0.08525 x 100% =0.8016 %
(5.115/60) + 10.55 10.63525

0.8% of value added activity; therefore there is still room for improvement.

In this case study, the production line has a high volume as well as high variety, it is
thought that the production line could work on a continuous loop with little WIP apart
from air cure times and cooling from the oven. First In First Out (FIFO) lanes can be
used here. As the team members are highly skilled amongst the line and the training for
the production line is inexpensive and not particularly time consuming, it was thought
that the product can be produced with very little operator variation, if at all any. The
line would be one continuous system with the operator following the product from the
beginning to the end of the production line. The variations of size and consequently
time would need to be considered to allow the products to flow easily down the
production line, but this should not be much of an issue as the variation in cycle times of
the individual connectors is minimal if non existent. The main consideration would have
to be the splitting of batches, to reduce the batch size to a more average figure (ideally
down to one). The routings, even though it is hard to analyse through this mapping

method have been examined, the percentage of the products that flow through the
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process had been noted on the map, this information had then been used to analyse the

continuous flow and the FIFO lanes through the line.

It was found in the data collection process that a number of customer’s products are
placed into one batch if the requirements are the same, thus also increasing the batch
size. This project will reduce the batch size down to a more level loaded figure to
reduce variation. Reducing this to zero to introduce one piece flow would be too
unrealistic. Air curing times after degreasing and potting is a minimum of ten minutes,
if we assume that on average it takes one minute at any point within the production line
to manufacture a connector, we can assume a batch size of ten to compensate this drying
time. This will then balance the line almost evenly along the process. This allows
immediate flexibility to the customer and also levels the demand to the supplier,

therefore keeping the cost of inventory to a minimum.

It is felt that some of the non valued activity could be reduced to zero; air cure times are
part of the process and therefore are necessary. However in some processes where the
items are air cured, the rest of the batch could be worked on whilst the items are drying.
The batch size on the production line varies significantly as well as the item type. It was
felt that this production line can be a continual pull system from start to finish as this is
due to highly skilled staff, the ability to train staff easily, as well as a fast moving
production line including the high standard of the product produced by the line. Team
members can use their skills to be able to move through the system automatically and

FIFO lanes are only necessary in this system (air cure times after the oven process).

All tooling that is required is close to the operation. However there are set up and
change over times, they have been reduced to the minimum and do not affect the output
of the line. This reduction of setup and changeover times could be a future improvement
project; this is a lower priority. It is thought that a continuous system could be put in
place as the cell quality is 94%, so that when the customer requires the product it will
move through the production line when needed. A supermarket pull system will work at
the beginning and end of the production line to allow safety stock and resolve issues
elsewhere around the production line as an interim measure. This improvement will
cause the finished goods supermarket to fluctuate, however the WIP and inventory store

will level, causing less demand fluctuation to the suppliers.
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With regard to rescheduling the process and pulling, it is possible to pull the products

through the system, using the straight production line, with minimal WIP.

As the system is to be considered as a continuous pull system, the production line will be
scheduled at the most upstream process, which is degreasing. The pacemaker process
will be degreasing as the production line. When the product is required, the signal will
be sent to degreasing, the product will move non stop with the operator until the final
process is complete. The production line is relying on skilled staff to move with the
product down the production line. Utilising the production line capacity is the key to

scheduling the system.

The line has been evenly balanced to incorporate the different labour skills as well as the
batch size; the amount of labour at any given point in the production line has also been
balanced accordingly to these requirements. The system will be one continual pulled
loop, what is required by the customer is produced and can be completed in just over 12
hours including oven cure and air cure times within FIFO lanes. For the interim, it will
be decided by the materials handler to level the products at the pacemaker process

because the percentage split of the product variety is known.

When the system availability was analysed, it was found that the coding machine is
shared within another production line and so the studied production line has an
availability of 50% of the working time. This was been seen as the greatest bottleneck
within the team and the simulation models also clarify this. An independent coding

machine would be required to enable an improvement in the production flow.

The information flow around the system is scheduled through the company’s scheduling
system. The indication to the production line that work is required is from a
combination of either when the materials appear from the stores or when the production
schedules the requirement and the material is located. The production line team leader
then schedules the line from the due date requirement, which is also a new system that
has been put in place since the relocation. The older system allowed the production line
to have 5 days to manufacture the item. The relocation project introduced the new

racking system to identify the more urgent products. Material from stores is placed on a
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set of shelves at the beginning of the production line. When a team member walks past

the shelves, the material is placed on the new racking system in order of urgency.

Shipments from the system are booked out of the production line as soon as the product
is complete; however products then sitting within the bagging area and those products

that are to be exported are held for specific shipment dates.

The system could be improved by moving the products straight from stores to the
production line; however it then means that the people in stores have to be aware of
which products are for what production line. Better still, the materials could be placed
from the dock to the shop floor, eliminating the stores transactions completely.
Shipments are made immediately from the cell however, there has to be consideration of
exported products. The pitch, the increment of work released to the system has been
calculated and as the production line produces directly to shipping the pitch time is
actually zero, so in this case the pitch at which the work is released to the production line

is according to the takt time. This is the responsibility of the material handler.

When analysing the information flow and support to the system, it was found that work
orders are a paper system support the products within the production line. This allowed
the team members to identify the stage of production, as there are other facets around
information flow which are not scoped within this investigation. Further project work
could include investigating the information around the production line. It is possible to
initiate the work from triggering the consumption of finished goods; however this is
dependent upon the planning system and the specific limits set around this. This

investigation is also beyond the scope of this project.

The quality was studied within the production line (see appendix 5.28 (on CD)). It was
found that the quality within the production cell is very close to 100%. The quality
within the production cell is sufficient enough to implement process improvement tools
and it is thought that improvements within the product flow and operator flow would
have a greater impact on improving the lead time of the cell. There are many quality
issues that are imposed upon the production line, these issues are mainly related to the
plating of the components from the in house machine shop. The quality within the cell

is to a high standard there would be greater gain by improving the flow of the product
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and operator. Improvements would include better scheduling within the cell, as this
would make the cell is less reliant on the team leader. As the quality of the production
line is of a high standard, it was discovered that the main reason for rejection came from
the plating of the shells from the on site machine shop, but this problem is only noticed
on the production line, it was therefore decided that it would be better to inspect the

quality at the plating processes.

Occasionally products are sent back to the company from the customers; however this is
not the fault of the production cell but is usually due to the manufacture of the

components and is therefore a problem for the company’s supplier.

The results of the investigation show that the main area of improvement is the flow of
the product through the cell. This can be achieved by not only regulating the flow of the
work throughout the cell by reducing the fluctuation of the arrival of products and
levelling the demand, but also through the availability of the machinery. The
organisation of the labour, introducing training of the whole assembly line to all team
members would create flexibility within the cell by producing a skills matrix. This will
allow the labour to move with the product, having a complete pull system throughout the

cell and will relieve any WIP within the cell, reducing the lead time further.

Initial areas to target would be to train the staff over the whole production line as much
as possible to enable process standardisation. As quality within the cell is high, the set
up times and change over times are low and so these are seen as insignificant to the rest
of the system. The materials handler will have the responsibility for scheduling the
system daily and so this may require training and understanding of the new system. To
ensure the levelling of the cell, 100% availability of the coding machine would be
required and batch sizes would also need to be reduced again to level the production line

better.

The production is one of three lines and so further initial projects would be to expand
these ideas vertically through the company production lines, and integrate both the
internal and external supply chain. This would include focusing on the customer
demand but also understanding the supplier limitations. This project has involved

investigating a small production line within a supplying company. The supplier to this
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utilisation was also 98.98% so it was working at its highest capacity. The highest
utilisation for the labour was “ToStakingAndAss” which is the labour that operates the

coding process; the results also highlighted the start of a bottleneck at the staking

operation.

It was decided that the coding machine limitations were to be removed and so the coding
machine would have unlimited availability. This indicated the need for a dedicated
machine and highlights the thoughts of the team. The overall results were (appendix

5.37 (on CD));

e The cell output increased from 978 to 1025 products and so this was an
increase of 4.8%

e The coding bottleneck had moved to the staking operation

e The staking operation results are that the simulation machine representing the
operation 1s 100% busy, however 65% of this time the simulation machine
has to wait for assigned labour

e The labour for the staking process, which used the “Everything” and
“SteakingDown” employees in the simulation model, the utilisation was 70%

and 81.7% respectively

From these results, it was decided that it would be cheaper for the company to introduce
another staking operation as there is the potential for up to four staking operations.
Another staking process was introduced into the line but with the same amount of

labour. The results were that (see appendix 5.38 (on CD));

e The overall output increased a further 16.8% from 1025 to 1197

e The bottleneck had now moved further downstream and was now before the
potting and assembly processes

e The utilisation of the assembly process was that the process was actually
busy 99.9% of the time, however again there was a large amount of time
(66/6%) that the machine was waiting for labour

e The potting process had similar figures, 99.8% of the time the process was

busy but 69.2% of the time the process was awaiting labour
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e For the labour that operated these operations, “Everything” and

“StakingDown” the percentage of utilisation was 95% and 97% respectively

Again from these results it was seen that the bottleneck was the availability of the
operation, not the labour. The third analysis looked at Increasing the assembly and
potting operations from one operation station to two. The detailed results can be seen in

appendix 5.39 (on CD), the overall results were;

¢ The overall output increased further by 27.3% from 1197 to 1524.

* So the overall output across all of the analysis had increased by 55.8% from
978 to 1524.

* In this case there were not any bottlenecks; however the overall labour

utilisation was high.

Everything = 95.5%
New = 66.8%
StakingDown = 95.5%
ToStakingAndAss = 98.2%

The cell met the requirements of the customer, however the utilisation was high. This

required the output to be lower and the utilisation thus reducing.

From analysis of the current state using simulation modelling, the production could
remain in the same environment with the same method of manufacture, on a normal shift
pattern with the same scheduling system, with a dedicated coding machine, two staking
operations, two potting processes and two assembly processes, with the same amount
labour and same skills. However, with this system, there is little capacity to increase the
workload to the system. With future business the system does not have any greater
flexibility to meet customer requirements with a shorter lead time, even though greater

output has been achieved.

The changes that have been used to transform the technical future state map are heavily

reliant upon reorganising how the system operates through adding the process quantities
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It was felt that there were little concerns related to the culture within the production line.
The operators and team members were aware of the relocation project that the company
were putting in place before the start of this application. So the usual obstacles such as
resistance to change and issues associated with improvement projects were not present.
The management team that were enforcing the change were respected and so there was
no resistance to change. This methodology application was advertised as an
improvement project within the relocation plan to highlight any related problems and

future potential improvements.

The manner in which the data collection was carried out reduced factors of resistance.
This method allowed the operators to calculate the operation times and complete the
surveys independently of the author or team leader. These types of studies usually
include measuring time throughout using stop watches, which tend to let the operators
think that is a measurement of their capability and skill and not on their operation and
process. This methodology enables a less formal approach which does not encroach
upon personal achievement. Throughout this methodology application all employees of

Amphenol remained anonymous.

Understanding the current culture was achieved through the completion of the survey
data (appendix 5.28 (on CD)), and it was found that the team were satisfied with their
jobs. The data highlighted the requirements for better tools and equipment to aid with
the completion of the operations. However, this was seen as a technical point, the team
were happy with the reliability of the equipment and with the quality of the products,

except for the plating of the products.

Unlike the technical data that were collected, the cultural data did not vary between each
product. The information was operator specific towards the end of the data collection
period and this part of the survey was not being completed as it was repetitive

information.

Outside of the company, the core team socialise with one another occasionally indicating
the culture within the team. One concern is the turn over of agency staff within the

production line, which causes issues regarding training and staff flexibility. The future
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(page 207). The table created in figure 5.82 (page 215) gave information on the final

outcome which was described as the optimum future state.

The optimum future state determined the capacity of the process operations. Initially,
there is the availability for one of each operation. The process within the line is very
manual, where the process capability has increased this is with no extra investment, it
allows the space to perform the operation if required. Currently the process capacity
was one; however the coding machine had limited availability 50% of the time. The
optimum future state was that due to creating continuous flow those processes with
similar operation times. Currently there were ten operations, all with a capacity of one,
which equates to ten work centres. The optimum future state required seven operations;
some with a maximum capacity of two, which equated to a total of 11 work centres. The
technical content of the existing system remains the same but is re-organised and re-

scheduled in a more utilised format with a significant reduction in WIP.

The system output increased by 435%, which was nearly 5%2 times more than the current
system. Utilisation also increased however in this case there was continuous flow and
no bottlenecks were present in the system. Originally, when operating on a normal shift,
the products were on average 13 days late, but with extensive over time the future
system can achieve this output on a normal shift pattern. However, this required training
with the team to create a multi-skilled and flexible team. The team were very approving
and supportive of the project and the data collection was very successful because of this,

it was also due to the method of collection as cultural issues were considered.

From the application through current bench marking and analysis, the results concerning
cultural issues consisted of encouraging learning and innovation to create a flexible and
multi-skilled team. Promoting communication internally within the line, as well as
externally. It was also felt that the team should be encouraged to initiate continuous
improvement from past and present experiences by creating a more responsive
environment. This would require management displaying acceptance through interactive

involvement.
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5.6  Methodology Justification through Application

The application of a case study through the use of the integrated methodology has
allowed it to be reasoned and justified. The completion of the necessary guidelines
within the sections of the methodology has encouraged the progression of the case study
objectives. Those guidelines that are not necessarily relevant to the project have been

discussed at the point of application and the reasoning of the decisions justified.

The feed back loops created in the methodology have been used, this was mainly due to
insufficient information. In these instances when feedback was required, the
methodology allowed the project to feedback and flow into the necessary stages and

sections as required.

This application has highlighted how the methodology has been tailored to the case
study requirements and therefore has created a pathway of change though a given
roadmap. The author has given recommendations to Amphenol UK as a result of this

study and they have employed new staff to carry out these suggestions.

5.7  Chapter Summary

This chapter has applied the methodology to a given case study. This application has
seen considerable improvements within the supplier. The decision was made to initiate
the improvement program within the customer before implementation of the changes
within the supplier, to ensure clarity between the two companies with the top level case

study in mind.
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CHAPTER 6 : CASE STUDY 3

APPLICATION OF THE PROPOSED DESIGN METHODOLOGY TO
IMPROVE THE BUYER’S RECEIVING PROCESS

6.1 Chapter Introduction

This chapter uses the proposed design methodology (Chapter 3) and applies the theory to
receiving processes at BAE Systems. This application investigates and defines
improvements within these processes. This study will aid the improvements created and
implemented in this previous application with the supplier (Chapter 5). These
investigations will assist the holistic view of the overall supply chain (Chapter 4). This
application requirement differs slightly as the approach of this application studies in
detail the movement of material flow and assess the inventory management techniques.
In Chapter 5 the significances was within the process, production orientated

environment.

6.2  Methodology Approach

The flow chart of the proposed design methodology (figures 3.7 to 3.16, pages 89 to
118) is applied and the application follows on from Chapter 5, this methodology
completes a third application which is linked back to the first application (Chapter 4).

The goals and objectives were to meet the overall requirements outlined in the first

methodology application (Chapter 4), which were;

e Better quality products

e Shorter lead-times

e Improved transit times

e Better designed products
e Reduce inventory

e Lower costs
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The aim of this case study, like the previous case studies was to work with the company
to find appropriate ways to quantity these measures. This application was associated
with understanding the holistic supply chain and the aim of this study was to carry out a
more detailed improvement project, which would influence the outcome of the first case
study. This study is focusing on transactional processes rather than production build

assemblies and assesses inventory control methods. Specific advantages will be;

e Better responsiveness to production

e Shorter lead times

e Reduction in inventory

e Less material handling

e Less system transactions

e Better communication internally and externally
e Better supplier chain relationship

e More efficient processes

e Reduction in waste

All of these objectives will reduce the material receiving process and reduce the dock to

shop lead times.

6.3  Company Overview

The company used in this third application is referred to as the buyer, BAE Systems.

The company background was given in Chapter 4.

6.4  Methodology Application

6.4.1 Stage 1 — Project Alignment
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Strengths

Weaknesses

e Large worldwide company
e Unique market
¢ Advanced technology

¢ New planning system being put in

* Long internal supply chain lead
time
* Large amounts of inventory held

* Material planning system reliant

place e Large supply base

¢ Unique component requirement

¢ Long receiving processes

e Less receptacle to supplied material
Opportunities Threats

¢ To reduce internal supply chain lead
times

¢ Reduce material handling

e Have quicker responding material
receiving processes

¢ To reduce transactions

e Improving the operations around the
planning system

e Reducing the supply base

¢ Competitors

e Movement of production to another
location

¢ Reducing supplier base and lead
time without reducing the internal

supply chain lead time

Figure 6.3: The SWOT analysis of BAE Systems

There appear to be many weaknesses at the current state; however these will be reduced

through the application of the proposed design methodology.

The customer in this scope of the project is production. Physically on site there is one
central receiving area with many stores and many production areas. Due to this reason

and the project timescale, only the receiving areas and the main stores area will be

studied.
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Relationships to
other

people

The team of people involved within the activity processes all
appear to work well within a team. However, across the
functions there is little communication, across the site there
appears to be divides between functions and processes. The

receiving processes are lengthy and this effects the

perception of the function externally.

Attitude to the
environment and to

time

A new planning system is being implemented across the site.
This will effect the environment and the way the processes
are currently operated. The items are delivered to the site as
agreed with the supplier and the buyer. The receiving
processes are unable to meet the deliveries made to the site
and so another database was created to receive the material
before it was entered into the system. Time is a factor that is
particularly limited in this environment; this has effects on

how the system is operated.

Power and control

Like the previous case study, the company has many levels of
hierarchy. The areas are organised by managers and this
includes scheduling the functions as well as managing the
people. There have been past efforts to improve these areas

to reduce the lead times and to be more reactive.

Innovation and

learning

It is believed that learning programs for individuals are
existent and is left to the individual to utilise this facility.
Like the previous case study, the attitude to risk is dissimilar
on different levels of the hierarchy scale; production workers
generally oppose a change in the system due to changing
their lifestyle. However these people are very proactive

regarding the data collection program.

Figure 6.11: The current cultural state within the receiving processes
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Figure 6.28 displays the main stores receiving processes once the goods in receiving
processes are complete. This figure shows how the team are completely ready for
production. Those items for attention of specific people (the FAO process) can be seen

in figure 6.29 and those packages that are items for repair are demonstrated in figure

6.30.

It can be seen that the material is held at many instances waiting for the next process, it
also highlights the different routes each item can move given the requirements. It was
noticed throughout the observations that there were just as many received items for
production as there were for ‘FAO’. It was also noticed that many items were inspected

as per company requirements.

It was thought that to analyse this further a PAM could be created to quantify the
inspection processes and those non company specific items. Figure 6.32 shows the

PAM.

The activities on the map were divided into the type of processes and a key was created
to segregate the processes for analysis. The data were taken from the flow diagrams and
the PAM was created around the same functions. Times were only measured roughly
through observations and again it was necessary to consider the cultural impact should

accurate information be taken.

The map from the initial investigation contains many inspection processes through to the
receiving processes, however the time constraint seemed to be around storing the
inventory. It was also assumed that all operations were an actual process, however not
necessarily a valued added process. It was thought that this type of analysis was already
discussed within Stage 4, and it highlighted the need to move on through to Stage 4 to

analyse some of the information gathered.

The current state culture was also benchmarked and is shown in figure 6.33 which
demonstrates the table created to determine the cultural state. This table was used to

classify statements according to the relevancy of the current state culture. This

information was generated from process observations.
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material is not physically in stores. If required, it can be utilised once collected from
goods in. Those items that require inspection are still held. The inspection process is
shown in figure 6.41 again the inspection requirements are visible in Oracle as well as
the results being fed back in to Oracle, which enables the system to act as a

communication tool.

Figures 6.42 and 6.43 are the same processes for returned products (figure 6.42) and

goods for the attention of (figure 6.42).

The key to reducing the inspection time is to reduce the amount of items inspected. This
will require investigation and analysis of historical data and to move the limits on the
specifications. This can be an external project that will have a significant impact on this

receiving process.

Another aspect that can be considered is the amount of time the material is held in
stores. The PAM was used to analyse this issue. The information was taken from figure
6.33 (page 246). This figure highlighted that the overall activity was 7.2 working weeks.
This time 1s fractionally different from that produced in the VSM, as the activities are
seen as sequential in a PAM and parallel in a VSM, consequently the lead time becomes

shortened.

By categorising the activities according to the key (figure 6.43) it allows visibility to
analyse the data. Figure 6.44 was created to highlight the time categorisation. This
displayed that 98.1% of the lead time was due to storage and that only 0.3% of the total
lead time was dedicated to operations. This figure could be lower depending upon the
definition of the operation time. It was thought that not all of the operation time maybe
activity time. In order to identify where this storage time was most significant it was
pertinent to identify areas to instigate improvements, the PAM was broken down to

specific processes according to the process maps (figure 6.24 to 6.30, pages 236 to 241).
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Mission

BAE System is a world class leader in the Aerospace Industry. The mission of
the investigation is to improve the communication and standards of supplier
relationships, to create a more efficient process that will benefit the customer.
This can only be accomplished if we eliminated unnecessary transactions and

material handling throughout the site especially prior to production.

Values

People:

People are sources of strength that create the value to the
processes. Empowerment and teamwork are the key to

this success

Products:

These should be created with the best effort which will
ultimately affect the quality provided to the end customer.
The products and service are how the company are

viewed.

Profits:

These are the overall measure of success; however have
little purpose without people or products. Profits are

required to survive and grow.

Figure 6.69: The project mission statement and values

The map was created into three loops: one for the pacemaker process, which was used to
study the finalising processes of the map including the customer requirements, another

loop was derived for the actual process transactions and a final loop was drawn for the

supplier interaction. The divisions of these loops were used to create more specific

detailed goals and objectives.

Figure 6.71 shows the map divided further to create objectives within these loops.

There are nine main objectives created and figure 6.72 displays a table of theses

objectives and it discusses the requirements, enablers and dependencies.
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Planning System

Need The current system is supported and out of date - External initiative
Enablers for Kanban material replenishment
this study Common inventory
Supplier communication
Dependencies | -
Levelled Schedule
Need Understanding the end customer requirements and levelling these
requirements
Better planning of the needs with regard to resources and capacity
Locking down those requirements and communicating these to the
supplier as well internally
Enablers for Kanban material replenishment
this study Better understanding of the customer requirements
Better relationship with the supplier — Supplier agreements
Dependencies | A clear planning system
Clear customer requirements
Collocated Material
Need To reduce the number of material transactions prior to production as
well as reduce the amount of material stored
Enablers for Drives down and depletes material
this study Ultimately eliminates stores
Greater stock turns — A customer requirement
Pulling of material when required instead of pushing the material to
production through kits
Better response to customer requirements
Dependencies | Requires facility layout changes
Supplier strategic agreements to reduce supplier lead time
A levelled schedule to calculate bins sizes
Roles and responsibilities definitions for material movement processes
On the new planning system for triggering the need to the suppliers
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Supplier Receiving Processes

Need To allow the supplier to hold material and carry out the receiving of
material on site when required accordingly to the kanban
replenishment system

Enablers for Moves from ‘dock to stock’ to ‘dock to shop’

this study Less inventory being held for the company
Less transactions for the company
Reduced inventory costs

Dependencies | Collocated material

Better supplier relationships

Supplier strategic agreements

New planning system to allow the visibility of the material

requirements

Facility layout and design

Roles and Responsibilities — External Initiative

Need Introduction to new processes and tasks require new/different roles and
responsibilities

Enablers for Material movement in a kanban environment

this study Supplier receiving processes

Dependencies | Collocated material process definition

Supplier receiving process definition

Union requirements and procedures

Supplier Returns

Need To reduce the lead time and processes to return faulty goods back to
the supplier

Enablers for Supplier receiving processes

this study Better material replenishment to the shop floor

Dependencies | Re-establishing the quality constraints
Requires a clear process definition
Better detective techniques — better receiving processes

FAOQO Process
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chain after it would be seen necessary to review the process to create plans so that they

could be rolled over the following three months.

A timeline was also created for the co-location of the material on the shop floor. It was
thought that the initial stage would encompass understanding the current processes and
systems, as well as testing the desired replenishment system. Having investigated and
planned the facility, changes in the replenishment system could be put in place given
that the schedule is levelled. With the planning system conforming and some strategic
agreements have been addressed with the supplier the system would be ready for
implementation. The two bin replenishment system can pull the material when required;

this is opposite to the traditional methods of planning and pushing material through.

As time continues, the next stages were to deplete stores and ideally eliminate. Whilst
this initiative is being carried out it will be important to ensure best practise on all

material handling transaction and processes to only conduct what is necessary.

Other objectives that could be carried out in this first phase were receiving and FAO
processes. The receiving process would work simultaneously with the co-location of
material objective. Again the first goal is to understand the current processes, from this

separate goals were created to look at specific issues such as;

¢ Reducing the number of non production specific material
¢ Reducing the number of items being inspected

¢ Reducing the number of system transactions

From these results there would be a reduction in the receiving processes lead time.
However, it would also be necessary to understand what the supplier can provide for the

company. By investigating the opportunities, a more advanced receiving process will be

in place to support the bin replenishment system.

The final first phase objective is the ‘FAO process’, the main concern here was the issue

with the time spent establishing a contact for the items. A particular advantage for the
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The main benefits from the methodology application are;

The reduction of the lead time

e The reduction of material transactions

e The redeployment of staff for new activities
e Greater inventory turns

» Better utilisation of material life cycles

¢ Reduction in inventory

From the benchmarking activities, the analysed improvements can be seen in figure 6.57
(page 264), likewise the cultural changes are demonstrated in figure 6.66 (page 270).
The next phase of this study is to move through the implementation plan and start

engaging the stakeholders further to carry out the finalising stages of this methodology.

6.6 Methodology Justification through Application

This application of the methodology allowed a structured progression through an
improvement initiative, which required the analysis of process flow, rather than material
flow on the shop floor. This specific application required the use of different tools and
techniques that were apparent in the methodology; however it had different approaches
due to the nature of the brief. The requirement of these tools for the application were
discussed at the time of use, likewise those that were relevant were also justified. In this
study, there was little use of the feedback loops due to the collection of sufficient
information. Again, this third application highlighted the ability to tailor methodology
decisions to the case study requirements, which again has created a pathway of change

through a given roadmap which differs from case studies one and 2.

6.7 Chapter Summary

This chapter has applied a third case study to the methodology to highlight the range of
differing project applications. This study, unlike the other applications investigated the

application of process flows, rather than primarily material flow (case study 2) or
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information and communication flow (case study 1). This study has investigated the
initiating areas of the buyer’s processes, to reduce the lead time of material travelling
from the dock to shop. This chapter has highlighted the benefits of this approach and

has demonstrated how the supplier can also profit from the buyers gain.
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CHAPTER 7 . DISCUSSION

7.1 Chapter Introduction

This chapter will summarise the findings of the literature review, as well as finalise the
proposed design methodology. The discussions of the proposed design methodology
applications will also be included as well as a reasoned justification for this research and

investigation.

7.2 Discussion

The subject areas were researched given the authors previous knowledge of the
aerospace industry and the use of traditional manufacturing systems that were executed.
Having previously researched into new age manufacturing techniques, it became
apparent that some of these techniques were being adopted in this industry. It was
decided to research further into the applications and the environment known as lean
manufacture. This concept has evolved quickly over the past decade, due to the
recognition of the potential benefits that could be gained. This concept is no longer only
applied to the manufacturing environment, as demonstrated in this research and hence

the transformation to lean thinking.

The literature survey (Chapter 2) discussed particular facets of lean thinking as well as
some apparent restrictions, thus limiting the detailed applicability to all environments. It
was suggested from the literature survey that this concept would benefit from integrating
particular features of lean thinking with other MBIMs, to broaden the spectrum of
application. Some of the concepts are currently practised alongside lean thinking and at
different stages of integration. The literature review studied these inter-relationships to
assess the integration by comparing the concepts as they are currently practised and

discussed. Figure 7.1 demonstrates the broad theory of the integrated hypothesis.
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The first stage of the methodology involved establishing the project needs and defining
them, as well as creating the project strategy, the options and pathways of the project,
the future market share, and the desired outcome of the improvement process. The
second stage of the improvement process was to plan the measurements. Within Stage
2, the methodology works through a systematic approach of the individual business
improvement techniques and assesses their suitability and applicability to the project
requirements as well as the project environment. Completing the survey within Stage 2
results in a pathway of improvement. Given the input requirements, this highlights the

best options to select and to apply to the project.

Companies that are looking to improve a system are often not equipped with the
knowledge of how to apply different strategies and their true implication on the system.
This unique methodology guides the user into understanding which of a number of
business improvement strategies to apply. This in turn has beneficial effects on the

cultural environment.

An important factor of this stage is the integration of operational business improvement
techniques used in many businesses. At this stage, all of the key business improvement
concepts are evaluated for their suitability to the project. This methodology has
incorporated a checklist facility that enables the user to select the specifics required
through a weighting method, therefore directing the pathway of the development. By
using this method of analysis, the user gains a better understanding of the project
requirements as well as the improvement techniques. The integrated system uniquely
prioritise the amalgamated changes suggested and therefore created a direction of

physical change. From this stage a detailed data collection plan is created.

All of the necessary information is collected and then the project is assessed for
reliability and accuracy of the data. The third outcome is the development of the overall
current state. The next two stages (Stages 4 and 5) looked at the technical data and how
this is analysed and improved through quality techniques and simulation models. The

sixth stage is also very significant as it highlights the originality of the amalgamation of
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both the technical and cultural transformations, which are two very different, but highly

important factors effecting change.

The purpose of this research was not only to understand how to integrate the many
business improvement techniques available to transform a system, but to test the ability
to successfully implement this integrated approach. This stage created a strategic plan of

implementation from the design.

The eighth stage was based on a similar format to Stage 3 and implemented the strategy.
This module concentrated on the monitoring of the cultural environment. Stage 9 was
seen as a revision section that analysed the results from the implementation and the final
stage was considered to be the most important as it determined the success of the whole
project. Not only did the physical system need to be controlled but the cultural system
also required carefully observation. However, measuring variance was only useful if the

information is fed back into the system.

The proposed design methodology was tested through case study applications; each case
study had different project requirements to highlight the versatility and ability to tailor
the proposed design methodology to the case studies needs. The initial case studies
(Chapter 4) assessed the relationship between the buyer and the supplier; this application
investigated the operational and cultural aspects of the proposed design methodology.
The application used holistic views to assess the needs of both companies and how the
communication between the two could be improved to create better OTD and quality to
the end customer. The results highlighted that in order to achieve the ultimate goal
lower level projects within the individual companies would be beneficial in order to
succeed across the supply chain. The proposed methodology was customised to the case

study requirement; however this was highlighted and enabled through the flexibility of

the proposed design methodology.

The second application (Chapter 5) was carried out with the supplier site of previous
application. This case study involved analysis of a final production line process. This
allowed the testing of the proposed design methodology in a different format; this

application consisted of operational and technical improvements.  This project
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requirement was to improve the process line to increase the OTD and for the buyer.
This had the same objectives as the first application; however, the method of use was
different due to the detailed focus. This application concluded that the improvement
would be within the organisation of the work within the cell, the capacity of the
production line was adequate although the demand through the cell was variable and
thus impeded the production rate. To reduce this variation, it was suggested that
improvements could be made by having a multi skilled and flexible team operational
within the cell. This study highlighted the extensive use of the feed back loops and the
ability to adapt the proposed design methodology at any given point in the roadmap.
The study also demonstrated the ability to create, analyse and conclude on technical
information to provide statistical results. This case study was predominately applied to
the supplier within the aerospace industry; however the company supplys many different
companies within the telecommunications industry. Again this highlighted the
versatility of the application not just within the aerospace industry, but within other

manufacturing environments

The third application (Chapter 6) was within the buyer of the initial application. This
particular study involved analysing the information flow through the initial process of
the buyers internal supply chain. This again highlighted the ability of the proposed
design methodology to undertake strategical and cultural concepts. This application
studied the material received on site and assessed how the material was received, how
the material was stored on site, as well as how the supplier demand was communicated
back to the supplier. The aim of this investigation was to improve information flow, to
alleviate a silo mentality and to aim to improve the whole internal supply chain. This

again demonstrated differing results due to differing requirements but through tailoring

of the proposed design methodology.

Within the literature review other industries were investigated to understand the
application of lean manufacture in particular, but other MBIMs were also considered.
The study highlighted that within the last decade many different industries have applied
these techniques. The proposed design methodology was designed for the aerospace
manufacturing environment and has been applied in these instances. However it is felt

that this proposed design methodology could be applied in any continuously improving
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environment; but it may require manipulation to apply it to any other industry other than

manufacturing. A recommendation of this kind has been suggested in Chapter 9.

This research and creation of the proposed design methodology has integrated a number
of MBIMs and highlights how to apply these to a development project through weighted
values of importance. The investigation has shown that a high percentage of process
improvement programs fail. This approach highlights the issues surrounding technical
and cultural factors of change that are the main cause of process improvement failure.
The proposed design methodology aims to reduce these issues by recognising that
cultural changes are as important as the technical changes. By considering these two
factors of change simultaneously, a more unified approach to implementing MBIMs

within a company is achieved, therefore resulting in a higher success rate of change.

This unified approach has ensured that a number of strategies that are not currently
synchronised can be implemented successfully. The literature review also highlights
that the failure rate of improvement initiative programs is quite high, due to the lack of
planning of the cultural aspects and because technical issues are easier to implement.

This methodology satisfied two main objectives;

1) An integrated business improvement system that analyses many improvement

concepts.

2) Implementing this theoretical design through analysing and evolving cultural aspects.

The main significant advantage gained from the methodology is the development of a
specific development path to follow. This is likely to reduce factors associated with
cost, time, resources and increases success rates. Having this path of transformation
alleviates cultural issues and resistance to change, it gives the project team assurance
that the right changes are being made in the most efficient manner, therefore allowing a
smoother acceptance of a change initiative program. This time can be better spent on
training and culture programs to ensure greater implementation success. All of these

factors will aid the reduction of the lead-time of a traditional change improvement

program.
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7.3 Chapter Summary

This chapter has discussed the reasons for the research, as well as discussing the need for
the investigation. This chapter has explained how the work carried out has led to the
creation of a design methodology, which has been reasoned and justified. The proposed
design methodology has been displayed and this has been tested by a number of
applications with differing requirements. The chapter concluded with highlighting the

contribution to knowledge and what this proposed design methodology has proved.
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CHAPTER 8 . CONCLUSION

8.1 Chapter Introduction

This chapter will continue from the discussion and will conclude the research by
highlighting the proposed design methodology. As well as concluding on the success of

the proposed design methodology applications

8.2 Conclusion

The study was initiated from the research objectives and aims. The research investigated
lean manufacturing theories and this involved investigating the lean environment
(Section 2.3.2 (30)) and applications (Section 2.3.3 (page 31)). The inter-relationships
of MBIM applications as they are currently practised were researched in Sections 2.4.1.
to 2.4.6 (pages 46 - 66) and this information assisted with the creation of the proposed
design methodology (Chapter 3 (pages 76 122)) which supported the many facets of
the researched MBIMs (Sections 2.4.1 to 2.4.7 (pages 44 69)) including technical and

cultural 1ssues.

The research objectives have been clarified by reviewing all lean environments and
applications, as well as assessing the interrelationship of currently practised MBIMs.
This study has worked towards integrating a number of MBIMs alongside the
fundamentals of lean manufacturing and created a clear roadmap of implementation by
analysing the suitability, however it also supports technical and cultural issues. The
objectives have been satisfied further by testing the methodology to diverse requiring

case studies, thus demonstrating the design methodology flexibility.

The proposed design methodology that has been created from this research has
developed into a ten stage roadmap of change, considering all aspects of operational,

strategical and cultural concepts. The ten stages of the proposed design methodology are

as follows;
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Stage 1 — Project Alignment

Stage 2 — Planning the Measurements

Stage 3 — Recording the Information and Defining the Current State

Stage 4 —  Analysing the Technical Data and Defining the Technical Future State
Stage 5~ Improving the Results and Defining the Overall Future State

Stage 6 —  Analysing the Cultural data and Defining the Overall Future State
Stage 7— Creating a Strategic Plan

Stage 8 — Implementing the Strategy

Stage 9 — Measuring the Results of the Progress

Stage 10 — Controlling the Project to Sustain

This proposed design methodology (Chapter 3 (pages 76 — 122)) has been applied to
three case studies (Chapter 4 (pages 123 - 136), Chapter 5 (pages 137 — 218) and
Chapter 6 (pages 219 — 285)). The success of the created proposed design methodology
is measured against the completion of the applications and as well as the type of

application.

These applications have demonstrated the versatility and flexibility of the proposed
design methodology, as well as ease of application. Both Amphenol UK and BAE
Systems are applying improvement techniques and the recommendations derived from
these applications are currently being deployed. The author has given recommendations
to Amphenol UK as a result of this study and they have employed new staff to carry out

these suggestions.

The author is currently working within BAE Systems to reduce inventory levels and
increase stock turns by implementing a bin system to enable better accuracy of material
requirements and supplier replenishments. The author is able to continue applying this
methodology first hand, to gain advantage for the company by reducing £40 million

associated to material held in stores as well as increase real estate for increased

production.

The creation of the proposed design methodology has been discussed and verified
through each application (Sections 4.5 and 4.6 (pages 135 — 136), Sections 5.5 and 5.6
(pages 216 — 218) and Sections 6.5 and 6.6 (pages 284 — 285). This investigation has
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been discussed (Chapter 7) and concluded (Chapter 8), the contribution to knowledge
has been highlighted in Section 7.2 (page 287). Finally further work that has been
recommended as a result of this study has been discussed in Chapter 9 and this included

many different subject areas.

8.3  Chapter Summary

This chapter has concluded the research by highlighting the 10 stage proposed design
methodology.
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CHAPTER 9 . RECOMMENDATIONS FOR FURTHER WORK

9.1

Chapter Introduction

This chapter discusses and highlights future work that is either a direct result of the

proposed design methodology applications or from the literature review. There are a

number of findings from the research and investigation undertaken. These areas of

research that could be investigated in the future are summarised within this chapter.

9.2

9.3

Case study applications

Immediate future work would be the completion of the case studies, work is
currently being carried out to finalise these applications so that the information and
results created from case studies 2 and 3 can be fed back into application 1. These
applications will continuously develop through the application of Stage 10 of the
proposed design methodology and the requirement to sustain the improvements, as

well as continuously improve.

To also apply the proposed design methodology to other manufacturing

environments, as well as other industries.

Developing Areas within Lean Manufacture

It is usually found when implementing lean manufacture concepts that very specific
information is required to achieve results, which is achievable if there is a substantial
data collection procedure currently in place. Otherwise a great deal of research time
is spent collecting data. An area of particular interest could be to investigate the

applicability of a generic data collection system that could be in place previous to

any lean manufacture changes.
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9.4

Another concern is the level of accuracy of lean thinking within the supply chain. It
is hard to manage lean manufacture changes at enterprise supply chain level purely
due to the scale of data collection required. It is normally thought that lean
manufacture changes at departmental level are consideration to be more accurate,
this is because it is physically easier to gather data. It would be interesting to
understand and research how the accuracy of lean manufacture implementation at
departmental level, could be established within the whole supply chain with the same

proper consideration, accuracy and precision.

It could also be necessary to measure the effects of implementation lean manufacture
departmentally throughout the supply chain. How would this affect the surrounding

vertical processes and how it would impact the whole system needs to be examined.

As highlighted in this research study, there are limitations to the lean manufacture
one being the restriction on its applicability within certain environments. Further
research could be to contemplate how to measure the success rate in this
environment, as well as the adaptability of the concept in such circumstances. This
would require extensive research into the factors that support and hinder the
implementation process, it would also be necessary to study the effect of these

impacting factors and how they could be decreased.

Once a certain level has been achieved, the system is not always monitored as it is
planned; this allows the improved system to lapse. Sometimes this is due to the lack
of continuous improvement as this is a complex factor of lean manufacture to
actually achieve. A strategic management methodology could be investigated to

create a continually improving system. The success would be how these processes

can be sustained.

Leagile Systems Possibilities

Leagile systems are a newly developed concept. Conducting other potential research
in this field would require the knowledge of lean manufacture which is a very

structured and environmental specific technique. It would also be necessary to
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9.5

understand fully the very differing concept of agile production. It is thought that it is
not very structurally particular but yet is very flexible. The interesting part of the
research would be to understand how to productively amalgamate the two concepts

alongside true industrial applications.

In a leagile system it is necessary to have a decoupling point; this point is the
transition between a lean to agile system. Depending upon to the type of
manufacturing surroundings the position of the decoupling point is very significant.
This research would require extensive analysis to study where the point is best suited

in different manufacturing environments.

Extended research could be to analyse whether a leagile system is applicable to all
areas within a business. This would require researching and investigating how
effective a leagile supply chain would be departmentally as well as across the supply

chain.

Topics to Develop within Supply Chain Management

Some elements of the supply chain have already been assessed, however it is also
important to understand the standard structure of the supply chain external as well as
internally. Research could be carried out to understand the relationships between the
supplier and the buyer at all points in the supply chain. Communication is the most
important factor and research could be carried out the assess this required in different

instants, as well the discussing the factors of success.

It has also been noticed within the research that businesses currently have a supplier
base that is too large. It is thought that reducing this supplier base would be
productive. However a large contributing factor is also the relationship that enjoyed
between the supplier and the company. This research would require understanding
how the supply chain should be structured to suit a particular company requirement,

thus allowing to a structure methodology to reduce the supplier base dynamically.

Within some supply chain structures there can be very comprehensive logistics

within the distribution and transportation. These methods can be regarded as a waste
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9.6

9.7

in the production system. Further research would highlight how to reduce this waste

and suggest sujtable measures to replace.

Another area for productive research would be to understand the theory of virtual
logistics and warehousing. These methods would reduce inventory costs and

decrease production lead-times.

The use of the internet is another issue that would be very interesting; this would not
just be limited to the supply chain but could be used in all areas of business
improvements. Using the internet within a business for production reasons could
potentially decrease the production lead-time, maybe through ordering techniques,

shipments of payment and invoicing.

Research Issues within Six Sigma

Six sigma is quite a well researched area, however due to these reasons there is
misconception as to what six sigma really is. It could be advantageous to research

the different strategies of perception and implementation.

The latest six sigma advance is the introduction of the DMADV process. This is a
implementation procedure for new production of products. It would be interesting to
research the success of this new procedure and study how it would differ from the

success of the older DMAIC process.

Potential Research within Discrete Event Simulation Modelling

Discrete Event Simulation Modelling is quite common in a manufacturing
production environment and is becoming more advanced in other industries. Further
research would entail the understanding of the success rate from the use of discrete
event simulation modelling in other applicable environments. Are the same

problems and issue with creation apparent across the board of situations?
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9.8

Generally discrete event simulation modelling programs have their own optimisation
tools. These are usually timely to use, as well as costly to purchase. Another
method possibly could be to use six sigma quality improvement tools optimisation
on a discrete event simulation model. It would be interesting to investigate the
comparison between the two methods, looking into facts such as time, cost and

human intervention.

Again the use of the internet in this field would also be fascinating for the same
reasons as within the supply chain. How this would affect a model and how this

information could be modelled.

Creating a lean environment within a discrete event simulation model has its
limitations; this is due to models generally ‘pushing’ a production system through.
With the specifics of lean manufacture the model would be required to ‘pull’ the
production system. Further research would help understand how to overcome this

problem without limiting capacity sizes and increasing logical restrictions.

Perspectives within Management Techniques

It has been suggested in a review by The Economist (1994) cited in Chu (2003), that

85% of business improvement change projects actually fail due to two reasons:

1. The Impact of the Change
2. The Management Commitment

Other authors Baker (2002) and O’Corrbui (1999) cited in Bhasin and Burcher
(2006) state that;

....”Less than 10 per cent of UK organisations have accomplished successful lean

implementation.”

It is believed that in order to successfully implement an integrated business
improvement methodology that incorporates a number of philosophies and concepts,

issues such as the organisational culture and the management of the change are to be
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successfully researched and incorporated into the design and implementation plan
before the business improvement takes place. Further research could potentially
identify the issues surrounding the affects of change in a production environment.
This would facilitate (when implementing ideas) how to manage the change, it
would also be useful to know how to measure the change at the implementation

phase.

* The existence and / or resistance to change could also be developed further, to
understand why these issues arise and how to overcome them. This research should

investigate whether change be measured through employee satisfaction.

9.9 Prospective Manufacturing Environments for Implementation

* Many different manufacturing environments have successfully implemented these
types of business improvements. Further investigation would give an industrial
viewpoint to the theoretical ideas; this research would also highlight the subject
areas, paths and routes of successful implementation as well as those that require

more developments.

e It was found within this research that the automotive industry lead the manufacturing
environment mostly with lean manufacture and quality initiatives. Comparisons
were made between the automotive industry and the aerospace industry; potential
research could be to understand the differences between the two different
environments. It would be ideal to understand the applicability of business
developments within the automotive industry, and investigate how these ideas and

issues can be transferred over to the aerospace industry.

9.10 Potential Future Research beyond the scope of this Investigation

This methodology has a very complex structure, however as highlighted in the thesis
through the applications this structure reduces significantly due the project requirements.

This proposed design methodology would benefit by being developed into a software
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package, which could possibly eliminate sections of the proposed design methodology to

aid ease of use.

9.11 Chapter Summary

This chapter has explained in great detail depth future research that could be investigated
beyond the scope of the literature survey and has given specific detail around topical

arcas.
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