METHODOLOGIES FOR MODELING AND ANALYSIS OF
PERFORMANCE MEASUREMENT IN PRODUCT DEVELOPMENT

By
Muhammad Kamal Amjad
(2006-NUST-MS-MEM-03)

Advisor
Prof. Dr. M. Abbas Chaudhary
Department of Engineering Management

Department of Engineering Management
National University of Sciences and Technology
College of Electrical and Mechanical Engineering
Rawalpindi, PAKISTAN



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development Dedication
DEDICATION
To,
The Prophet Muhammad (PBUH); My Role Model in Life,
M. Amjad Amin; My Gracious Father,
Meher-un-Nisa; My Loving Mother, and
Batool; My Caring Sister

Without their Guidance, Love and Support, | could not be able to achieve any thing in
my life.

Muhammad Kamal Amjad



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development Acknowledgements

ACKNOWLEDGEMENTS

| thank Almighty Allah at the successful completion of this project. | really feel myself
elevated in writing the name of my highly respected teacher Prof. Dr. M. Abbas
Chaudhary who indeed put his best efforts in crystallizing my concepts of Modeling and
Simulation in the context of Engineering Management. He indeed has guided me to a
level that this research project could be completed.

Special thanks are due to Brig. Dr. Nawar Khan, HOD MEM, who has supported me
during my coursework and thesis. Cdr. ® Jamshaid lkram from HQ NUST has also
provided extensive support during my report and facilitated me during the matters with
the HQ.

| have spent nearly two years at KSB Hasanabdal as a Design Engineer in the
Engineering Cell of the Design Department. High appreciation is due to Mr. Ghazanfar
Ullah Khan, GM KSB Works, Hasanabdal. He has always been a source of mere
guidance, support and motivation during my stay. My manager Mr. Khurram Sajjad
Khawaja, Manager Design Department, KSB Hasanabdal has contributed a lot in
guiding me in the field of Hydraulic Machinery and Design and Development. Without
their support, | could not be able to do this task. Mr. Akhlag Ahmed Zaidi, Design
Engineer, KSB Hasanabdal has really helped in developing my technical background
and value addition in engineering services.

| am also thankful to my parents, sister and my wife who have given me due time to
complete this project. Without their love and support, this project would not have been
completed.

Sincere thanks and appreciations are due to all my friends and colleagues who took
part in this task. Especially, my best thanks are due to Mr. Ralf Boéhme (Project
Engineer, KSB AG), Dr. Inge Borg (Manager Design, KSB AG), Mr. Kluas Sheifart
(Project Engineer, KSB FT), Prof. Dr. Shahab Khusnood (UET Taxila), Mr. Ahmad
Kamal (Design Engineer, Flow Serve, USA), Mr. Muhammad Shahzad (Planning
Executive, KSB), Mian Mohsin Irshad (AM NSD, AWC), Mr. lkram Ul Hag Minhas (KSA)
and many more. In nutshell, | am deeply indebted to all those who encouraged me to
strive hard for the presented project.

Muhammad Kamal Amjad



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development Table of Contents

TABLE OF CONTENTS

DEDICATION ..ottt ettt e e e ettt e e e et e e e e e nst e e e e e enseeeaeeanneaeeeeaannneeaeeannes i
ACKNOWLEDGEMENTS ...ttt ettt e s a e e et e e e e aneeeaeeeennneeas ii
LIST OF FIGURES ...ttt e e e 10
LIST OF TABLES ...ttt e e sttt e e e ettt e e e e e e e e aneeeeeeeannes 15
LIST OF EQUATIONS . ...ttt e et e e e e e e e e e e e e e anees 17
= 1 I N 2 TR 1
1 INTRODUGCGTION ...ttt e e e e e e e e e e e e e e e e e e anneeeeeeenneeas 1
1.1 BaCKGIrOUNG.......eeiiiiiiiiiie e 1
1.1.1  The Need of Performance measurement .............ccccvveeiiiiiiiiiniiiiiiieeeee e 1
1.1.2 Performance and its Improvement ..............cccooiiiiiiiiiiiiie e, 1
1.1.3 Performance Management............coooiiiiiiiiiii i 2
1.1.4 The DeSigN PrOCESS ......cuuiiiiiiiiiiiiiiie ittt e e e e e eeees 2
1.1.5 Performance Measurement in Design ............ccovviiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 3

1.2 Problem Statement ..........oooiiiiiiiiiiiiii 3
1.3 RESEAICN Ar€as .......cooiiiiiiiiiiiiiiiiiiieeeeeeeee ettt 4
1.4  Research Methodology .........uiiiiiiiiiii e 4
1.5  Significance of RESEArCh ...........ccoooiiiiiiiiiii e 5

2 THE DESIGN PROGCESS ...t e e e e e e anaeeeeeens 7
21 Definition Of DESIGN .....uuiiiiiiiiiiiiiiii s 7
211 DeSigN @S NOUN ....coiiiiiiiiiiiiiiiiie ittt ettt ettt et e et e e e e eeeeeeeeeees 7
2.1.2 DeSIGN @S VEID ...un i aaae 7
213 ProdUCE.......coooiiiiiiiiiieieeeee e 9
2.1.4 TyYpPeS OF DESIGN ..coveeeiie et 10

2.2  ENGINEEring DeSIgN........uii i 12
2.21 The Position of Design Process in A Company ..........ccooovvvviiiiiiiiiiiiiiiiiennnn. 12



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development Table of Contents
2.2.2 The Roles of Producer, Consumer and Designer...........ccceeeeeeveieeiiieninennnn. 15
2.2.3 Trends in Design ProCeSS ......coovuuiiiiiiiiiii et 16
2.2.4 INNOVALiON IN DESIGN .....iiiiiieee e 17
2.2.5 Technology Push and Market Pull.................ooiiiiiiii e 18
2.2.6 Influence of Engineering & Industrial Designers on Products................ Error!
Bookmark not defined.

2.3  Characteristics of Design ACHVItY .........coooiiiiiiiiiii e 19
2.3.1 Design CompPlexitieS........ccoeveiiiiiiiei e 19
2.3.2 Design Co-0rdiNatioN.........ccceiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeee et 20
2.3.3 Other CharacteriStiCs.........cuuiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 24
2.3.4 Aspects of Design Development ...........oovveeiiiiiiiiiiiieiieee e 25
2.3.5 Evaluation of Issues in Design Development ............cccccovviiiiiiiiiiiiiiiiinnnnn.. 26
2.3.6 Overall Scoring of Each ASPeCt.........cooiiiiiiiiiiie e 28

2.4  General Problem Solving / Decision Making Process...........ccccceeevvvvvivviinnnnn... 29

2.5 Design (Product Development) Process Models.............ccccceeeeeeeiiiiiiiiiiieeeen.n. 30
251 Task ClarifiCation ..........cooviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee e 34
2.5.2 Conceptual DeSIgN .......ccooiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 34
2.5.3 Embodiment DeSign ........ccooiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 35
2.5.4 Detail DeSIgN .....ui i 35

3 MANUFACTURING AND PRODUCT DEVELOPMENT .......cooiiiiiiiieiiiieee e 36

3.1 Impact of Manufacturing on Society.........cccoooiiiiiiiiiii e, 36
3.1 INrOAUCHION. ... 36
3.1.2 Comparison of Japan and US ... 36
3.1.3 Timelines of Different Manufacturing Methods ............. Error! Bookmark not
defined.

3.2 Product Development ...... ..o 38
3.2.1 New ProducCt Need ... 38
3.2.2 Interdisciplinary Product Development.............ccooooiiiiiiiiiiiiiie e, 40



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development Table of Contents
3.2.3 Product Life Cycle (PLC) Management ..o 43
3.2.4 Deliverables in Product Development Process...........cccooeevieiiiiieeiiiieevinnnne. 44
3.2.5 Advantages of Early Product Introduction ...............ccccoeiiiiiiiiei i, 45
3.2.6 Performance INdiCAtOrs ..........ooiuiiiiiiiiii e 46
3.2.7 Investment in Product Development.............oouiiiiiiiiiiii e 47

4 PERFORMANCE MEASUREMENT: AN OVERVIEW ... 52

4.1 Introduction to Performance Measurement.............cooovvvviiviiiiiiiiiiiiiiiiiiiiieennnn. 52
4.1.1 Business Process Performance ............cccceiiiiiiiiiiiiiiieeeeeeeeee e 52
4.1.2 What is Performance Measurement? ... 54
4.1.3 Reasons for Assessing Performance .............ccoooviiiiiiiiiiiiieiccecee e, 56
4.1.4 Improving the Performance .............ooouuuiiiiiiii i, 57
4.1.5 Performance MatriCeS ...........uuuuuuiiiiiiiiiiiiiiiiiiiiii e 58
416 CONEIENCE......uuiiiiiiiiiiiii it 59

4.2  Topics in Performance Measurement .............cooovveeiiiiiiiiii e e 59
4.2.1 Key Performance Indicators (KP1) .........coiiiiiiiiiiiiec e, 60
4.2.2 Performance MEASUIES ...........cuuiiiiiiiiiiiiiii e 61
4.2.3 Impact of Innovation on Performance.............ccccoviiiiiiiiiiiiiiee e, 64

4.3  Performance in Design Development ... 65
4.3.1 How to Analyze Performance in Design ................uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiinnes 66
4.3.2 Properties of Design Performance .................uuuuieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeenens 67
4.3.3 The Scope of Analysis for Design Performance..............cccoovvvvviiviciieeeeeee. 68
4.3.4 Coherence and Goal AlIgnmeNnt ............ccoiiiiiiiiiiiiiiccce e 69
4.3.5 Benchmarking PerformancCe............ooouuuiiiiiiiiiiiieccce e 70

5 METHODS FOR PERFORMANCE MEASUREMENT IN DESIGN DEVELOPMENT
72

51 INEFOAUCTION ... e e 72
5.1.1 Trends in Performance Measurement Research.........ccooveeieieiiiiiiiiiaaenn.. 72
5.1.2 Research Trends in Design Activity Performance Models........................... 75



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development Table of Contents
5.2  Activity Based COStiNG .......coooiiiiiiieee e 77
5.3  Performance Measurement Matrix (PMM) ...........cccooviiiiiiiiiiiiiiiie e, 78
5.4  Results and Determinants Framework (RDF) .......c.ccoooviiiiiiiiiiiiiee e, 79
5.5 Models for Time-Based Competition............cooovmiiiiiiiiiiiiiiceee e, 80
5.6  Inputs, Process, Outputs, Outcomes (IPOO) Model ..., 83
5.7  Performance Pyramid ... 84
5.8  Performance Measurement Questionnaire (PMQ) Approach..................cc...... 85
5.9  The Business Excellence Model ... 85
5.10 The Balanced Scorecard (BSC) Approach ...........cccoeeeeeiiiiiiiiiiieiee e, 88
511 The PERFORM APProach ..........oooumiiiiiiii et 91

5.11.1 A Formalism for Design Development Performance..............ccccccvvuunnnn... 91
5.11.2  Performance ANalYSIS ........ccooooi oo 95
5.11.3  Analysis APProach .......ccoooiiiiiiiiii e 96
5.12 Conclusion and Further Course of Action ..., 97

6 DESIGN PERFORMANCE EVALUATION USING PERFORM .........ccocoiiviiiiienn. 99
6.1 INErOAUCTION ... 99
6.2  ANAlySiS TEChNIQUE ........uiiiieii e 100

6.2.1 Formation of MatriX ... 101
6.2.2 Finalization of MatriX ... 102
6.3  Analysis Parameters ... 103
6.3.1 Resources Effectiveness Measures (REM)...........cccoovvviiiiiiiiiiieeeeeeeiin, 103
6.3.2 ANAIYSIS MEASUIES .......uuiiiiiiiie e e e e e eaaaes 104
6.3.3 Improvement Measures (IM) ..........cooeirriiiiiiiicce e 108
6.3.4 Return On Investment (ROI)........ooooiiiiiiii 115
6.3.5 Normalization of ReSUIS..........oooiiiiiii 116
6.3.6 Further Analysis .........cccco, Error! Bookmark not defined.
6.4  Approach for Application to INAUSEtry .........coooimiiiiiiii e, 117

vii



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development Table of Contents
7  THE MANUFACTURING FACILITY L. 119
7.1 INtrOAUCTION ... 119
711 INAUSErY SElECHON ....ueeii e 119
7.1.2 The KSB Group: Company Introduction and History .................ccoovviinnnnnnn. 120

7.2 KSB PaKiStan ......cooooiiiiii 124
7.2 MiISSION ... 125
7.2.2 The Production Plan for Pakistan ............cccco 125

7.3  The Design OffiCe ..o.uuuuiii i 128
7.3.1 The Information FIOW..........oooiiiiiiiii e 129
7.3.2 The Working of Design OffiCe.........coieiiiiiiiiicieee e, 130

7.4  Selection of Design Project for Performance Evaluation.................cccc.......... 132

8 APPLICATION OF PERFORM .....cooiiiiiiiieiiie et 134
8.1 ] (oo [0 1o o PP 134
8.1.1 Interaction with the Enterprise ... 134
8.1.2 Preparation.........oooouiiii e 134
8.1.3 ProCcedure...........ooooiiii 135

8.2 PERFORM Adaptation..........coooiiiiiiiiiiieee et 137
8.2.1  Preparation..........ooouuuuiiii e 137
8.2.2 Data ColleCtion ... 137

8.3 CONCIUSION ... 140

9 RESULTS AND CONCLUSIONS ... 141
9.1 INEFOAUCTION ... 141
9.2 SOftWare SUPPOIt ..o 141
9.3 DataFeeding ... 141
9.4 ANAIYSIS e 144
9.41 Measure 1T: REM ... 144
9.4.2 Measure 2: AMT ... 147



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development Table of Contents
9.4.3 Measure 3: AM 2. .. 149
9.4.4 Measure 4: AM 3 ... 152
9.4.5 Measure 5: IM 1 ... 152
946 Measure 6: IM 2 ... 156
9.47 Measure 7: IM 3 ... 157
9.4.8 Measure 9: ROl ... 157

10 REFERENGCES ...... .ottt e e e e e e e e e nnaeeaeeas 163



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development List of Figures

LIST OF FIGURES

Figure 2.1 The Central Activity of Engineering Design, after [S]........cccovirenineiiinncceee 8
Figure 2.2 The Product Life Cycle, after [18] ..o 10
Figure 2.3 Conceptual Design Patent of the P-38 Aircraft, after [17]......ccooovveeeieieeeeeee 11
Figure 2.4 Parametric Design, after [16]........cco e 12
Figure 2.5 Information Flows between Departments, after [5] ..., 14
Figure 2.6 Stepwise Development of a mass-produced Product, after [6].......c.ccocvreerirercennnen. 15
Figure 2.7 Role of Designer in the Company, after [22]...........ccooeiriininincicceee 16
Figure 2.8 Technology Push and Market Pull, after [22]..........cccoeiriinininiecceeeee 19
Figure 2.9 Influence of Industrial and Engineering Designers on Products, after [22]............ Error!

Bookmark not defined.

Figure 2.10 Design Complexity Contributors, after [6] ... 20
Figure 2.11 The Modeling Elements for Design Co-ordination, after [27].......c.cccceoevvinininennennne. 21
Figure 2.12 The Design Co-ordination Model Frameworks, after [27]..........cocoeveininninineienne 22
Figure 2.13 General Problem Solving Process, after [S].......cccoeeirininininicceeeeee 30
Figure 2.14 French's and Pugh's Model, after [36] ..........cocvireiririninineceee e 31
Figure 2.15 Dym’s Model, after [37] ..o 32
Figure 2.16 Pahl's Model, after [5].....ccoveieiiieiee ettt s 33
Figure 3.1 Productivity in Manufacturing, 1980 = 100, after [38]........cccecvvirenereinneeeee 36
Figure 3.2 Investment in Manufacturing Sector, after [38]..........ccceovirinininineeeee 37
Figure 3.3 Productivity Comparison, after [38] .......cccvieiiiiiieeeceeee e 37
Figure 3.4 Employment Increase Comparison, after [38] ........ccccevieeeviiieicceseeee e, 38

Figure 3.5 Manufacturing Processes during 1950 — 1990, after [40].. Error! Bookmark not defined.
Figure 3.6 Product Need Situation Providing Business Opportunity..........ccccceeeveveveneeceneseeciennn, 39

Figure 3.7 The Product Development ProCESS........cocviiiieiieiieniisiesee sttt 39



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development List of Figures
Figure 3.8 Multi-Disciplinary Nature of Product Development ..........cccccooieieviiiecene e, 41
Figure 3.9 Time Division during Product Development Phases, after [39].......cccccooveeevvrveeenienen. 42
Figure 3.10 Activities in Product Development, after [39]........cccovvieieviiiciecee e, 42
Figure 3.11 Typical Product Life Cycle Management Approach...........cccccocevivieceneieecese e, 43
Figure 3.12 Outcomes of Product Development Process, after [39].......cccccvvvieviveieeceneseeeee 45
Figure 3.13 Advantages of Early Product Introduction, after [39].......cccooveiviiieieneeeeeceeee 46
Figure 3.14 Concept of Performance Indicators, after [39]........ccccovveeeviiieieviiicee e, 47
Figure 3.15 Investment till Product Maturity, after [43]......c.ccoooeeieiieeeeeee e, 48
Figure 3.16 Actual vs. Planned ROI, after [39] ... 49
Figure 3.17 Investment vs. ROI for Different ProCesSeS........cceeceiiveeviiiiceeieseceee e 49

Figure 3.18 Comparison of Firms that Considered Design Development and Those Firms that
OVEITOOKEA L. vttt ettt ettt esbe e s be e s beeebaesabeeabesabeeabesabeeabeenteesaens sabeenbeenseens 50

Figure 3.19 Other Losses Incurred in Profit as Compared to Those of Development cost

OVEBITUN ...ttt bbbt b et b et bt e b et e b e e e b et e b et e b et e b et et e e et £ebeneebeneebenenneneas 51
Figure 4.2 Process Cost-value MatriX..........ccccceiiiiiiiiiiiecceeeee ettt et sre e 54
Figure 4.3 A Model of the Performance Improvement Process, after [13].......cccccoveveviivceenienen, 58
Figure 4.4 Constituents of Design Performance ..o 67
Figure 4.5 Scope of Analysis for Design Performance ..o 69
Figure 5.1 Framework of Development Performance, after [139] ..o, 75
Figure 5.2 The Performance Measurement Matrix, after [126].........ccccceveveviiieceve e, 79
Figure 5.3 The Results and Determinants Framework, after [127] ..o, 80
Figure 5.4 Du Pont Pyramid of Financial Ratios, after [130] .........cccccceviiiinieniiieeece e, 82
Figure 5.5 Input, Processes, Outputs, Outcomes Model, after [131] ... 83
Figure 5.6 Performance Pyramid, after [132].........ccooiiiiieeeeeeeeeeee e 84
Figure 5.7 The Business EXcellence Model.............coooeriiiiiiininineeceeseeeee s 86
Figure 5.8 Defining the Performance Measures, after [135] ..o 87

Xi



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development List of Figures
Figure 5.9 A Methodology for Design Performance Modeling and Analysis...........cccccoevvvvevennenen. 92
Figure 5.10 Design: Knowledge Processing ACHIVILY .......cccociviiviiiinieeeseeseeseereeree e 93
Figure 5.11 Design Activity Management (D .........ccccivieieiiiieiese et 94
FIgure 5.12 The E2 MOEI .......ociieieeceeeeeeeesese ettt st sttt et e e sre e sbaesaeesneesnes 94
Figure 5.13 Performance Measurement and Management (PMM) Model...........ccccccevvrvevennnnen. 95
Figure 5.14 The Resource Impact MOEl ............ccvviiiiiiiiiiccececsee et 926
Figure 5.15 The PERFORM MaLiX .......ccoeiiiiiieieie ettt sttt ssesaesreesaenne 97
Figure 6.1 Data Representation in MatriX..........ccocveeiieiiiniiiiiie e s 100
Figure 6.2 Representation of Impact in the Resource Impact Model..........ccccccevvnveceniieeiennene 101
Figure 6.3 Relations between Resources and Goals ...........cccceeveviieevinieiene e 102
Figure 6.4 The PERFORM MatriX......cccociiiieeieiiceeiisieteteste sttt re st raene st veennenas 103
Figure 6.5 Measure 1: Resource Effectiveness Measure (REM) ..., 104
FIgure 6.6 Measure 2: AM 1 .. ... ettt et s e b e s be e s reeesteestessbeenbeebeeseeneeas 105
FIQUre 6.7 MEasUIe 3: AM 2.ttt s s e s b e e e e s raeesteestessbeenbeebeeseeneeas 106
FIgure 6.8 Measure 4: AM ...ttt e e st s e s e e s e e s saeestesstessteenbeebeeseensens 107
Figure 6.9 Measure 5: IIM 1.7 .. ettt st e et e e te e sbe e beebeesbeeaeas 108
Figure 6.10 MeasUIe 5: IIMl 1.2 ...ttt ae et e s te et e e be e be e beeeeas 109
Figure 6.11 MeasUre 6: [IMl 2.1 ...ttt ae et e e te et e e be e be e baeeeas 110
Figure 6.12 MeEasUIe B: [IMl 2.2 ..ottt rae et e e te et e e be e be e raeeeas 111
Figure 6. 13 MeEasUIe 7: IIM 3.1 ...t s ae et e e te et e e beebe e baeeeas 112
FIgure 6.14 MeEasUIe 7: [IMl 3.2 ...t st ae s ae et e e te e te e be e be e beeneeas 112
FIgure 6. 15 MeasUre 8: IIM 4.1 ...t ae et e e te et e e beebe e beeeeas 114
FIgure 6.16 MeasUre 8: [IMl 4.2 ........oo e te s te e te s te et e e be e be e baeeeas 114
Figure 6.17 Measure 9: RO ...ttt ettt sttt sbe et besae e besbeennennas 115
Figure 6.18 Measure 10: Total EffeCtiVENESS ......ccooveiiiiiieecceee e 117

Xii



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development List of Figures
Figure 6.19 Approach for Application to INAUSTIY .......c.cooveceriiee e 118
Figure 7.1 Phase — 1 for Implementation of PERFORM..........ccccoooiiiiiiieceeceeee e 119
Figure 7.7 Information Flow from Design OffiCe.......cccciviieceiiiicieeeeeee s 129
Figure 7.8 The Flow Chart of Design OffiCe.......cccoiiieiiiiiieeceeee e 130
Figure 7.9 The Design Process FIOW Chart.........cccocoiiiiieciiiceeee et 131
Figure 8.1 Phase-ll of PERFORM AppPliCAtioN .........ccoviiiieciiiiceceseceeee e 134
Figure 9.1Phase-1ll Implementation ..o s s 141
Figure 9.2 REM: Effect of Individual Communication Resources..........c.cccocevvevevereeeeneseeeennn, 145
Figure 9.3 REM: Effect of Individual Expertise RESOUICES.........cccceevevirieciericecee e 145
Figure 9.4 REM: Effect of Individual Management RESOUICES ...........ccceeeevivreeeecececeeece e 146
Figure 9.5 REM: Effect of Individual IT Systems ReSOUICes..........cccccvvrirvieriieeceneceeese e 146
Figure 9.6 REM: Effect of Individual Manufacturing ResSources ...........cccccovvvvevevcseciecesecee, 147
Figure 9.7 Effect of Individual Resources on Overall Goal.........c.cccoecveviviecieneieeceseceeee e 148
Figure 9.8 Effect of Communication Resource Group on Individual Goals..........c..ccccceeuveuvennnnee. 149
Figure 9.9 Effect of IT Systems Resource Group on Individual Goals ............ccccccevveiinireenenene. 149
Figure 9.10 Effect of Expertise Resource Group on Individual Goals ...........ccccceevvvveieieseenenene. 150
Figure 9.11 Effect of Manufacturing Resource Group on Individual Goals.............ccccceeuveuvennnnee. 150
Figure 9.12 Effect of Management Resource Group on Individual Goals............cccccevreurennnnee. 151
Figure 9.13 Effect of Total Resources on Individual Goals ........c..cccoeveriecieniiiccece e, 151
Figure 9.14 Effects of Resource Groups on Overall Goal ..........cccovevveviiiecieiiieeece e 152

Figure 9.15 Scope of Improvement in Effectiveness of Individual Communications Resource
GrOUP EIEBMEBNTS......oceiceeee ettt st ettt et e et e e be e be e sbaesbaestbesasesabesabeearen seseas 153

Figure 9.16 Scope of Improvement in Effectiveness of Individual Expertise Resource Group
1T g1 o1 S 153

Figure 9.17 Scope of Improvement in Effectiveness of Individual Management Resource Group
BIEIMENTS ...ttt h et b e s bbbt e he et e s bt e at et e sbeeatenbe et sheeatesbesbeentens 154

Xiii



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development List of Figures

Figure 9.18 Scope of Improvement in Effectiveness of Individual IT Systems Resource Group
[T g1 o1 U 154

Figure 9.19 Scope of Improvement in Effectiveness of Individual Manufacturing Resource Group
EIEIMENTS ...ttt ettt a et e st s h e et e bt e st et e sbeeae e tesbeentenbe et saeentesteeaeeneens 155

Figure 9.20 Scope of Improvement in Resource Groups with respect to the Overall Goal........ 156

Figure 9.21 Scope of Improvement in Overall Resource Groups with respect to Individual Goals

.................................................................................................................................................................. 157
Figure 9.22 Rol for Individual Elements of Communication Resource Group........c..ccccceecveenuenne. 158
Figure 9.23 Rol for Individual Elements of Expertise Resource Group .........cccccevvvvvecieneseeeenene. 158
Figure 9.24 Rol for Individual Elements of Management Resource Group .........cccceeveevvevenennene. 159
Figure 9.25 Rol for Individual Elements of IT Systems Resource Group.........ccccceevevveveseevennene. 159
Figure 9.26 Rol for Individual Elements of Manufacturing Resource Group .......ccccccceveveverieennnns 160

Xiv



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development List of Tables

LIST OF TABLES

Table 2.1 Mechanism of Design Coordination, after [27]........cccccevirieiiniiiecececeeere e 23

Table 2.2 Relationship between Elements of Design Co-ordination and Design Complexity

= o (0 =T 1 (=Y 24 4 PSP 24
Table 2.3 Analysis of Aspects of Design on Design Development Process...........cccccecevenennennene. 27
Table 2.4 Overall Scoring of Each Aspect, after [30]........ccooveieeriieee e 28
Table 2.5 Relative Importance of Aspects, after [30]........ccoovrieenirieeee e 29

Table 3.1 Difference between Manufacturing Philosophies, after [6].. Error! Bookmark not defined.

Table 4.1 Manager and Position Data, after [87] ... 62
Table 4.2 Usefulness of the 42 Measures, after [87, 88] .......ccoooiieeeereeeeeeee e 63
Table 4.3 Studies Comparing Innovation Success and Failures ...........cccocevvveeeevinenceseeeee 65
Table 4.4 Comparison of Manufacturing and Product Introduction, after [102]...........cccccevvrene. 67
Table 5.1 Measures for Time-based Competition, after [128]..........ccoovvvreeiiinceree 81
Table 5.2 Designing a Balanced Scorecard, after [76]........cccoovvveriiieienenieee e 89
Table 6.1 Representation of Data in MatriX.........cccccveiiiiiiiie i 102
Table 7.1 Typical Sales Data for Year 2002 ...........oo oot 121
Table 7.2 Historical Development of the Company ... 121
Table 7.3 Global Presence Of KSBi..........ooiiieeesste sttt 122
Table 7.4 Worldwide R&D and DevelopmeNnt ............ooeeeriiieiiniceeseseeeee e 122
Table 7.5 Business Areas, Customers and Applications .........ccccovveeeviveniesnceceeeee e, 123
Table 7.7 LoCal SAlES Data.........ccooeiiririiieiereeee sttt 127
Table 8.1 Selected Data Of IEZ-425..........c.oo e 138
Table 8.2 Design ProCess OULPULS.........ceciiiriiiceeer ettt st s naennas 139
Table 8.3 Design ProCesS GOAIS ......ccceeeeiiiieieiiieee ettt st st b e e sa e se e ennennas 139
Table 8.4 DESIgN RESOUICES ......cceecieriieiieierii ettt sttt ettt e tesreesestesseensessessnensesseeneensas 140

XV



Methodologies for Modeling and Analysis of Performance

Measurement in Product Development List of Tables
Table 9.1 Final Shape of PERFORM MatriX.........ccooviievieiiiieiesiceeesestete e 142
Table 9.2 The Numerical Shape of PERFORM MatriX........cccccceviiiiienineeeeeseeeeese e 143
Table 9.3 Resources Having Highest Effectiveness as per REM on Individual Goaits................ 144

Table 9.4 Room for Improvement in Individual Resources With Respect to Individual Goals...155

XVi



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development List of Equations

LIST OF EQUATIONS

Lo TU =110 TGt PR 103
Lo T =1 T0] TG RO 104
Lo TU =0T TG T PP 105
Lo TU =1 To TG PR 107
EQUALION B-5.....ooeieeeee ettt ettt s b e st e s ae e s a e e s ae e era e enteeaaeenbeen s ereeenteenes 108
Lo [ =1 To] TG G PR 108
Lo [ =110 G AR 109
EQUALION B-8......oeeee ettt et e et e st e s b et e e s b e e s b e e sae e eraeenteenaeenteen s ereeenteenes 110
Lo U= Lo TG RO 110
Lo T =1 To] TGt I O PRSP 111
Lo T =110 TGt I PRSP 111
Lo T =110 TGt 1RSSR 112
Lo U= o] TG Rt I TP 113
EQUALION B-T4 ... ettt e e st e e s bt e s b e e st e e s aeesbe e saeesaaeentesntesnseente eeentennes 113
Lo U= Lo TG Rt I TP 113
Lo TUE= 1 To] TG Rt I G T USSR 115
Lo T =110 TGt OO 115
EQUALION B-18...... ettt ettt st e s b e e s be e s b e e s ae e sb e e sseessaeenteentesnseente eeeneeenes 115
Lo U= o] TG Rt e TSP 116

XVii



Methodologies for Modeling and Analysis of Performance
Measurement in Product Development Abstract

ABSTRACT

Measuring the efficiency of a process is the most effective way of managing and
monitoring it. The thesis addresses the state of the art in product design and
development and its effects on the human society. The design process is reveled in a
great detail and its impact on manufacturing is elaborated through literature review and
personal experience.

Product development is knowledge based qualitative process. Measuring the
performance of a qualitative process is not the same as done in quantitative processes
like manufacturing. An effort has been made in this thesis to identify the requirements
for the measurement of performance in product development and the methods available
to analyze it. A critical survey of the literature available is done for the provision of
available performance measurement techniques in product development. A single
measurement and management technique is then advised through research as per the
requirements of mechanical manufacturing sector of Pakistan. Software is then
developed for an easy interaction with the approach.

The approach is then applied to a selected manufacturing facility to elaborate the
outcomes of the performance measurement in a selected project from the facility.
Selected results are also presented in the form of graphs and further insights to the
approach are discussed.
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Background

1.1.1 The Need of Performance measurement

Since the existence of his generation, mankind has always been developing new
and state of the art technologies and systems. In this process both mental and
physical efforts are required. Mankind has also learnt the advantages of team
work and hence formed organizations where they co-operate and collaborate
with each other to achieve a specific goal or set of goals. As the quantum of work
increased, the value of time, money and effort was realized. At this point of time,
the performance and its measurement was also started.

For an introduction, performance measurement can be defined as the process
whereby an organization establishes the parameters within which programs,
investments, and acquisitions are reaching the desired results [1].

Business today operates in a very tough environment that is constantly in flux.
Customers have become increasingly demanding looking for better and
innovative goods and services that are specifically customized to meet their
unique needs. There is also an implicit requirement on the accuracy, timeliness,
convenience, responsiveness, quality, reliability and after-sales-service offered to
them at ever-low prices [2].

The need of performance measurement and its improvement has been the basic
requirement of every industry and business since the start of the industrialization
age, and especially in the above stated scenario. May it be a special customer
based tailored project or an internationally standardized component,
organizations have strived to improve their performance so that they could get
more share and hence more profit in the market.

1.1.2 Performance and its Improvement

Performance can be defined as

The act of performing or the state of being performed;

The act or style of performing a work or role before an audience;
The way in which someone or something functions;

A presentation, especially a theatrical one, before an audience; or
Something performed; an accomplishment [8].

P20 T O

The improvement of performance can only be done through one way, i.e. to know
where the performance is standing right now. The performance standards can be
self-assessed or bench-marked.
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The field of performance measurement is related to both management and
engineering. Only a qualified professional can realize the importance of the
processes involved in the life cycle of a component. Certain organizations have
performance measurement and management centers where they constantly
monitor the performance of their Self Accounting Units (SAUSs).

1.1.3 Performance Management

Generally, the terms ‘performance measurement’ and ‘performance
management’ are misunderstood. The performance management is more of a
HRM process rather then involving technicalities involved in the making of a
product. Performance management focuses on the performance of employees
rather then the process itself.

By definition, performance management is the systematic process of
Planning work and setting expectations;

Continually monitoring performance;

Developing the capacity to perform;

Periodically rating performance in a summary fashion; and
Rewarding good performance [3].

®Q0TO

1.1.4 The Design Process

The design process is referred in two different contexts: as a noun and as a verb.

The design as a noun is defined as;

a. A preliminary plan or sketch for the making or production of a building,
machine, garment, etc.;

b. The art of producing a building, machine garment etc.; or

c. The general arrangement or layout of a product [4].

Design as a verb is interpreted as ‘Design Process’ and may be defined as a
process performed by humans aided by technical means through which
information in from of requirements is converted into information in from of
descriptions of a technical system, such that this technical system meets the
requirements of mankind [5]. The human(s) involved in the process are called
‘Designer(s)’ and the system through which it evolves is called ‘Design System’.

Design process is considered to be the most important and crucial phase of the
product life cycle as it affects all the downstream stages of the product life cycle
in terms of cost and quality of the decisions made at the different levels of an
organization regarding a product or system to be designed [6]. Management of
the design process involves an approach where an organization makes decisions
related to the design process in customer / market oriented manner as well as
optimizing the design process. Design management further provides a link
between design process, technology, tools and methods and management at
different levels of an organization.
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1.2

1.1.5 Performance Measurement in Design

The design of performance measurement systems appropriate for modern
manufacturing firms is a topic of increasing concern for both academics and
practitioners [7]. It is absolutely important to find the ‘Design’ or as a whole
“Product Development Performance’ in order to see how well the design or
product development process works according to the intentions of the designer,
company and the initially defined standards. The reasons to find out and
measure the design development performance are appended as follows;
Identification of strengths and weaknesses;

Comparison against competitors;

Determination of the factors affecting performance;

Establishment of the nature of the effect;

Focusing on the process improvement initiatives;

Providing a basis for continuous improvement; and

g. Achieving the recognition of high performance [6].

~PQo0 TN

Organizations are continually striving to find better ways for improving their
business situation in terms of market share and increased profits. To achieve this
milestone, they induct the performance measurement and improvement strategy
immensely nowadays. These processes include redefining the key business
processes and the selection and implementation of specific tools in support of
these processes [9 — 11].

This trend is evident in all organizational activities such as manufacturing,
marketing, sales, service etc. However, the impact of product development on
overall organizational performance has been recognized as significant [13].
Therefore the analysis of performance in this area, i.e., how well the product
development is being done is gaining importance. This adds to the vision of the
organization as a quality focused and customer oriented organization and is
basically the integral part of the continuous improvement process, adding
towards the body of knowledge of Engineering Design, Total Quality
Management (TQM) and Project Management.

Problem Statement

A considerable amount of work has been carried out in the field of performance
measurement and analysis in manufacturing facilities and processes [12].
However, the ways in which tangible things like manufacturing performance is
measured is considerably different than the intangible measures like design and
product development which makes performance measurement more difficult in
this area. The measurement of knowledge based activities which are the
hallmark of product development present difficulties in the assessment of
performance.
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1.3

1.4

Moreover, the research validation in this area is a lengthy process as the product
needs time when evolving through the product life cycle from conceptual phase
to the manufacturing. Thus the concept of continuous improvement here
presents time lag and intangible process measurements.

Pakistan, being an agricultural country, has a moderate infrastructure of purely
mechanical and manufacturing industry. The manufacturing industry of Pakistan
is generally producing the designs of foreign origin. A limited number of
organizations have their design offices established in Pakistan, and even more
limited organizations produce their own designs in these offices. Moreover, these
design offices are not implementing the concept of performance measurement in
product development. This fact will be highlighted in greater detail in the coming
sections.

An effort is made here to identify the requirements of a performance

measurement system in the product development scenario. The overall problem

statement is elaborated in the following in points.

What is product development?

How product development is significant in manufacturing?

What is the basic process flows for the design process?

What is performance measurement and how it is measured in product

development?

e. Is there an agreement in literature on the ways through which the
performance is measured in product development?

f. How can the performance measurement in product development be applied in
the manufacturing sector?

ap oo

Research Areas

The research presented here will attempt to address the following topics.
The state of the art in general performance measurement;

The performance measurement system design;

The nature of performance measurement in design;

Models of performance measurement in design;

Analysis techniques presented in the models;

Metrics for performance measurement in design development; and
Industrial relevance.

@mpo0oTD

Research Methodology

The research presented here is organized to answer the problems presented in
section 1.2. First of all, the nature of the design process is presented and through
discussion on its various aspects is presented. Work done in the field of
performance measurement in product development is then critically reviewed.
The latest models and software techniques available are introduced, analyzed
and utilized to measure the performance of a manufacturing facility. The
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1.5

selection of the manufacturing facility is also done through defined criteria. The
implementation of the performance measurement in product development of a
selected project is then presented on the basis of understanding developed in the
mentioned discussion. Graphs, Tables, Figures and Equations are extensively
used to elaborate the concepts where required. The research presented here will
cover the area of general performance measurement procedures. Emphasis will
be placed in the field of performance measurement in product development and
design which is a seriously neglected field in Pakistan. The research will aim to
present some performance based solutions for the manufacturing facility studied.
A schematic overview of the research methodology is presented in Fig. 1.1.

Study of Desian |dentification of Design Present Models for Crtcal Analvsis of
Y g > Parameters for PMin ———  PMinProduct +———— 4
Process Models

Product Develoment Developmet

Y

Comparison of Models

Adaptation of PM for Implementation and

and Selection ofa  |———p Implementation QOutcomes

Single Model

Figure 1.1 Research Methodology

Significance of Research

Pakistan is basically an agricultural country. Manufacturing facilities play very
important role in enhancing the GDP of a country. Pakistan has some state of the
art manufacturing facilities, mostly in the government and defense production
sectors. However the private manufacturing sector is suffering severely because
of following reasons;

a. Power and energy crisis;

b. Un-announced Load shedding;

c. Heavy taxes; and

d. Import restrictions.

Moreover, even where working efficiently, the manufacturing sector of Pakistan is
not implementing the performance measurement in design and product
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development. Many organizations are paying attention towards the performance
management in the HRM perspective, but a little interest is involved in the field of
performance measurement and improvement at the product development stage.
The idea is to just produce the items and throw them in the market with little
interest in the performance measurement at development stage.

The performance, if addressed at product development level, will surely enhance
the fictional capabilities of an organization and also ensure that the organization
stays ahead with a competitive advantage. This will ensure that the customer
gets what he wants and within the shortest possible time.

The research will have following significance in particular;

a. A well referenced source of literature review in design development and its
performance measurement;

b. Techniques for the smooth application of methods in the industry;

c. Industrial relevance with respect to Pakistan; and

d. Analytical results beneficial for the companies which are interested in the
measurement of design performance.
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Chapter 2
THE DESIGN PROCESS

2.1

Definition of Design

The field of engineering requires the application of scientific knowledge to the
solution of technical problems and to optimize these solutions within the
requirements and constraints set by material, technological, economic, legal,
environmental and human related considerations [5]. Designers contribute to the
community by providing working ideas as solutions for the problems of mankind.
Therefore, they apply their engineering knowledge for the betterment of the
civilization.

Design is the planning that lays the basis for the making of every object or
system and is the part and parcel of every engineering concept. The activity
requires the designer to think of an idea to solve the defined problem. The
person designing is called a ‘Designer’. A preface with the word designer is
usually added to specify the specialty of the profession, e.g., fashion designer,
mechanical designer, piping designer etc. With such a large variance in
disciplines and specialty, there is no single definition of the word design.
However, technical design is considered here and is presented in the following.

2.1.1 Design as Noun

The oxford dictionary defines design as;

a. “A preliminary plan of sketch for making or production of a building, machine,
garments, etc.;

b. The art of producing a building, machine, garments, etc.; or

c. A general arrangement or layout of product” [4].

Another definition of design is as follows;

“Design is an engineering activity that:

a. Affects almost all areas of human life;

b. Uses the laws of insights of science uses;

c. Builds upon special experience; and

d. Provides the prerequisites for the physical realization of solution ideas” [14].

2.1.2 Design as Verb

As a verb design is referred as ‘Design Process’. Again, there is not a single
definition of the verb as a huge multi-disciplinary base is present. Some of the
definitions are as under.

a. “A process found by human, aided by technical means through which
information in the form of requirements is converted into information in the
form of descriptions of a technical system, such that this technical system
meets the requirements of mankind” [5].
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b. “Design is a process consisting of problem solving activities in which design
solutions are generated to satisfy customer needs” [15].

c. “Design as a process of creating solutions in the form of products, processes
or systems that satisfy the needs by mapping the functional requirements in
the functional domain and design parameters of the physical domain, through
proper selection of design parameters”[6] .

d. “To produce a design (of a machine, building etc.)” [4].

With considerable variance in the above described definitions, all indicate that
design is a process of generating some solutions to a specific problem and then
deciding on the best possible solution to satisfy the conceived requirements.
Therefore, design is a systematic process of evolving a solution for the easiness
of working and betterment of the civilization.

Dixon [16] and Penny [17] placed the work of engineering designers at the hub of
cultural and technical streams, describing design process as a hub of all the
society. This aspect is shown in Fig. 2.1.

Politics

Cultural Stream
Sociology,
Psychology

Economics
|
|
Engineering Engineering Engineering
Science Design Technology

Technical Stream

Science Production

Industrial
Design

Architecture

Art

Figure 2.1 The Central Activity of Engineering Design

In the psychological viewpoint, designing is a creative activity that calls for a
sound grounding in mathematics, physics, chemistry, mechanics,
thermodynamics, hydrodynamics, electrical engineering, production engineering,
materials technology and design theory, as well as knowledge and experience of

8
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the domain of interest. Initiative, resolution, economic insight, tenacity, optimism
and teamwork are qualities that stand all designers in good stead and are
indispensable to those in responsible positions [18].

In the systematic viewpoint, designing is the optimization of given objects within
partly conflicting constraints. Requirements change with time; therefore, a
particular solution can only be optimizing for a particular set of circumstances.

Design is an essential part of product life cycle. This cycle is originated by market
need, customer demand or technology and is presented in Fig. 2.2 The lifecycle
starts with planning and ends with disposal or recycling. The product life cycle is
a representation of a process that converts raw material into economic products
of high added values.

It can be seen that the market need or problem and potential goals of the
company trigger the start of the product life cycle. When enough information
about the problem is gathered, the problem is analyzed and solution is thought.
This phase is called the product planning and task setting. The work is brought
down into small pieces and proper management of the work is planned.

The design activity is started hereafter. The design team develops the ideas and
produces a conceptual design for the product. The design then matures into final
design and the product is sent to production and assembly. The product is then
introduced into the market and a sales pattern is observed for the reference
design after the customer uses the product.

The product sales describe the popularity of the product and decide the future
and life cycle extension. If a product successfully meets the customer needs, the
life cycle will elongate and if it fails to satisfy the customer, the product will die out
very soon. Thus the customer plays an important role in deciding the future of the
product, as it is rightfully said that customer is the king.

2.1.3 Product

Design is created for the solution of a problem. The solution of the problem may

be tangible or intangible and is called a product. The product may be a material

thing or a service. Product is defined as;

a. “Thing or substance produced especially by manufacture [5]” ; or

b. “A product is defined as something with being, form or shape created by
physical labor and / or intellectual effort [44]".
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Figure 2.2 The Product Life Cycle, after [18]

2.1.4 Types of Design

Following are the main types of design.

a. Conceptual design: Conceptual design is a process in which a concept /
sketch / plan is produced by evaluation different concepts against different
criterion.

The conceptual design may only consist of a pencil sketch for the matter of
reference and understanding of the general concept of the solution to the pre-
determined problem. The level of detail of the conceptual design is generally low.
Only the idea is represented for the discussion and reference purposes. The
conceptual design patent of the P-38 Aircraft design is shown in Fig. 2.3.

10
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March 26, 1940. H. L. HIBEARD ET AL Des. 119,714
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Figure 2.3 Conceptual Design Patent of the P-38 Aircraft, after [17]

b. Configuration design: It is a process in which a configuration / layout of
different components in an assembly or a product is finalized.

At this level, the individual product parts are presented through technical
drawings. These drawings are later used for the manufacturing and
production of the product.

c. Parametric design: It is a process of making relationships between inter and
intra component dimensions of a product. The advantage of parameter design
is that a component is associated proportionally with respect to other
components in a product / assembly so that a change in one component or in
one dimension of a component is automatically propagated in rest of the

11
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assembly saving extra time and effort. One has to change only the different
design parameters of the product and the whole design is reviewed according
to the specifications. This type of design is generally supported by computers.
Intelligent software like Pro/E, Inventor, and AutoCAD etc. are used for this
purpose. Fig. 2.4 illustrates the concept of a parametric design.
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Figure 2.4 Parametric Design
2.2  Engineering Design

The term ‘Engineering Design’ is used to separate the other types of design from
the technical design. Engineering design is a purposeful activity directed towards
the goal of fulfilling human needs in the form of a product, particularly those
which can be met by technological factors of our civilization [6].

2.2.1 The Position of Design Process in a Company

The

design department is of a central importance in any company. This

department describes the properties of every product throughout the Product Life
Cycle. Moreover, the designers have a large influence on production, operation

12
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costs, quality, production requirements, tooling and time to manufacture.
Therefore, the design department shares a heavy responsibility in the business
strategy of any company and country.

The design department also plays a central role in the product development
process. The position of the design department in a company and its links with
other departments are shown in Figure 2.5. It can be seen that production and
assembly depend on information provided from product planning, design and
development. On the other hand design and development is driven by knowledge
derived from production and assembly.

It can also be seen that the customer, market share, marketing advertisement
and product planning directly contribute to the design process in the evolution
phase. Moreover the production, acceptance testing, sales response, quality
control, operating resources, material availability and test equipment also
contribute to the design and development process through information
interchange. Therefore, it is certified that the design department is functioning as
a hub of information for the company.

As a matter of fact, no product can mature without the information, interaction
between design and production departments. The first prototype is developed to
evaluate the basic ideas of design department and to check the functionality of
the concerned product. After the critical analysis of first prototype, the
improvements based on the analysis are incorporated to the design of the
product. Pilot production is then carried out in the form of the small batch. This
helps in determining the effect of the large production number on the available
resources of the facility. Moreover a technical change may also occur during the
pilot production phase. Therefore there is a two way link between the design and
production department during this phase. After the successful completion of the
pilot production the design is finalized so that mass production of the product can
be carried out according to the market research. This scenario is presented in
Figure 2.6.

13
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Figure 2.6 Stepwise Development of a mass-produced Product, after [6]

2.2.2 The Roles of Producer, Consumer and Designer

It is important to realize that may it be an engineering design or an industrial
design; both are an integral part of a larger process of product planning and
development. The bond of consumer-producer relation decides whether the
product is successful or un-successful.

There is very little input that a customer can make into a product planning
process. The decisive factor taken by the customer is to choose from the many
available products. The mass of customers, all making their own decisions for a
product contribute towards to the market for the manufacturer. The marketing
team engaged in market research to evaluate the impact of revenue generated
by the sales of a specific type of a product and the threat proposed by the same
type of product offered by the competitors. The manufacturers in return develop
their manufacturing strategies according to the market research. This cycle is
shown in Figure 2.7.
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Figure 2.7 Role of Designer in the Company, after [22]

The role of the manufacturer starts from the establishment of a business strategy
where new product policies and plans are developed and a new product is
designed by the designer. The customer role is to choose the product form many
available types and use it consequently. From here, the customer generates an
impression of the product or manufacturer so as to decide whether he should buy
it again or not and hence defining the satisfaction level. The marketing team gets
this input and communicates into the manufacturer so that it can be incorporated
in the business strategy.

2.2.3 Trends in Design Process

The most recent development in the design process is the evolution of computer
based data processing. Computer Aided Design (CAD), Computer Aided Design
and Drafting (CADD), Computer Aided Manufacturing (CAM), Computer
Integrated Manufacturing (CIM) etc. have revolutionalized the concept and
process of engineering design. This development has also produced new job
opportunities. The computer also assists in the detailed designing analyzing and
information management of the whole process.

The development of expert systems [19, 20] has increased the ease with which
information can be retrieved and processed. CIM produces a parallel system with
the design management for a better planning and control of the design process.
This concept also facilitates the area of concurrent engineering, where the overall
development time is reduced by focusing on the flexible and parallel activities of
product, production, and quality optimization [21]. The trend is to bring forward
the production planning into the design process.

The working methods of designer have incorporated the new technological
developments like assembly procedures, micro-electronics and production. The
integration of electro-mechanical systems has produced many exciting products.
The field of MEMS is yet a more challenging and advanced while exciting field of
technology.

As the conclusion of above discussion, it can be said that designers share a

multi-disciplinary and challenging knowledge base which should be used through
proper management to achieve good product development.
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2.2.4 Innovation in Design

Innovation may be defined as

a. “To bring in new methods, ideas [4]; or

b. “Introduction of new idea into the market place in the form of new product or
service or an improvement in organization or process [22].”

Innovation is important to society because of following reasons;
a. Providing the solutions to problems;

b. Wealth creation; and

c. Improved standard of living.

Innovation is also important to the organization;
a. Product innovation is a key factor of success;
b. Increased competition; and

c. Accelerating pace of technology development.

Innovation is furthermore important to the individual;
a. Financial returns;

b. Personal satisfaction;

c. Intellectual property; and

d. Entrepreneurship [23, 24].

Most companies have a continuous program of product development through
which they continue to maintain and improve their market share. However, new
products appear in the market after short intervals of time. These may include the
same basic functional idea but some change in the appearance, usage or
performance of the product. Examples of such products may include Fiber tip
pens, Personal Computers, Cameras etc. Entirely new product comes into the
market very rarely.

Such innovations may cause the company to increase its market share in terms
of revenue and customer base, whereas many times an innovation may not
produce desired results. This can be a result of lack or error in market research
and may not even come up to the break-even point. Therefore, innovation is a
risky business. It may pay well off but it can also cause complete financial loss in
many cases. However, the rewards of successful innovation are so huge that the
risk factor is minimized through financial assessments and companies continue
to introduce innovative and new products in the market.
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2.2.5 Technology Push and Market Pull

From many products available in the market, some products always seem to
contain new ideas or may appear entirely different. As described above, such
products contain the same basic idea and innovation is in some minor detail. It is
also apparent that the decisive factor in the success of a product is the customer
decision to buy it or not. If the customer wants to buy a product for any reason it
comes out to be successful in the market. However, customers also vary
according to their needs. All customers may not want to buy a Corvette V6 Car.
Such products are tailored according to the customer’s needs. Therefore, they
are two strong aspects to new product development: the push that comes from
technology and the pull of market needs. These aspects are usually called
market pull and technology push. The situation is shown in Fig. 2.8.

Technology itself does not play any role in push; instead push comes from the
developers and suppliers of the new technology and from the market of new
products. In the real world a lot of product development comes out as a result of
both technology push and market pull.

The market pull model, involves a lot of market research so that a customer
needs and satisfaction level may be found out. There is a sustained and
confirmed revenue base generated as a result of this model. Many companies,
therefore, follow the market pull model.

The technology push model, on the other hand, emphasizes for the creation of
new products through innovation. This model targets the development of new
products. It is based on the theory that new innovations can create new demands
and new markets. Market research usually cannot identify the need of product
that does not exist.

This has been recognized by many companies that both market pull and
technology push can create a more validated product development. However,
there is no guarantee that a new product is developed according to both models.
The reason may be too much financial investment or huge requirement of time.
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Figure 2.8 Technology Push and Market Pull, after [22]

Characteristics of Design Activity

It has been apprised above that design is a complex activity and it has many
characteristics. In this section, the importance of co-ordination between other
departments and design, and the complexities of the design process will be
addressed in a brief manner.

2.3.1 Design Complexities

Engineering design is a complex process involving certain variables making it
more complex. It is immensely important to understand these complexity
variables for effective implementation of the design development process. These
factors are described in Fig. 2.10.

It is certain that knowledge is an intangible resource and is a vastly varying asset
according to the ability and experience of the designer and is a complex
phenomenon. The source from which the knowledge is obtained also has a great
impact on the validity and kind of knowledge. Knowledge management is the
relevant field targeting this area.

The design product or the artifact is itself a complex object involving the ideas of
the design team for the solution of the problem. Decision making has a profound
impact on the overall strategy of the business and hence on the product itself.
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Decision Support Systems (DSS) are available for the address of this complex
activity.

Knowledge &
Sources

Design
Activity

Decision
Making

Figure 2.9 Design Complexity Contributors, after [6]

2.3.2 Design Co-ordination

Coordination refers to the interaction between different departments and
activities. Design coordination is extremely important for proper execution of the
planned project. A design coordination framework is proposed to support
coordination of various aspects of design development. The ten modeling key
elements of coordination are shown here in Fig. 2.11. These elements are
namely Product Development, Decomposition, Technologies, Synthesis Matrix,
Life Phase System, Product Life, Goal, Task, Activity and Resources.

If it is desired to monitor the design activity, the key elements required to be
addressed will be presented here in the form of a set of frames. The industrialists
and authors referenced here do not make any claim for completeness but believe
that these are the most important aspects. These elements are presented
through models in Fig. 2.12 and incorporate the factors which play an important
role in the design co-ordination.
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Figure 2.10 The Modeling Elements for Design Co-ordination, after [27]

The content for the model of product development differs widely in the literature
from problem solving models to the models establishing a new business. The
theoretical models for the product development are referenced in [28, 5, 29-33].
Such models may be related to a company and book or through a quality
regulation like 1ISO-9000. The model of product development will be further
elaborated in the coming chapters of the thesis.

Model of decomposition relates to the product breakdown into sub systems
consisting of a design activity. The entities of the decomposition may be
identified as blocks or part structures.
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Figure 2.11 The Design Co-ordination Model Frameworks, after [27]

The model of discipline and technologies refers to the know-how into new
business policies. This may be different for in an R&D organization and a
production organization. It is necessary to divide the tasks of design activity into
the related disciplines and manage these tasks such that the overall design
activity time is optimized.

The product life model refers to the life phase of the product. Each life phase
may be seen other system in which the product interacts with the system and the
effective of that interaction determines the performance and ease of performing
or surviving the actual phase. Such life phase system could be production, sales,
transport or recycling systems.
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The synthesis matrix model is the core of product development. This can be a
symbolic diagram. A parallel product and production engineering process is
advised here by adopting the concept of concurrent engineering [32, 34]. The
process developed here is communicated to the life phase system model in
which the different contribution from the synthesis activities is transferred to the
concerned departments. This can be understood by the transfer of chosen
assembly methods to the production department through assembly diagrams.

The product development goal is defined by the customer input and the business
strategy of the company. State of the art in this are is the QFD Method [35]. The
product development tasks are then initiated through the analysis of the previous
models and they are translated to the activity model. The resource model refers
to the availability of specific resources for the completion of the specified tasks as
described in the product development task model and activity model. The design
history model records the respective decisions and strategies which were taken
during the course of development of the product by the management.

Design coordination occurs when changes in one frame propagates decisions
about change in another frame. This is shown in the form of a matrix in Table
2.1[27]. Moreover, there are some relationships between elements of design
coordination and design complexity factors. These relationships indicate the
influence of the factors which are necessary to have coordination for effective
execution of product development process and are represented in Table 2.2 [6].

Effect
On:
[%2]
2
(2]
- ke}
5 2
o
O c [t = 7] >
S 1S |w |4, | & & | k5 S
[} D » = o = o (7] 2
o o] Q - K2 %) 7] 5 [] T
s |e | |8 |8 |8 |& 2 | 5 c
|18 |g |38 |3 |22 |38 |2
o o) ) < S Q2 o 3 S J )
o =) a o 7} 3 o — < 14 a
Eaus,,,e 1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11
ere:
Product Development 1 X X X X X X X X X X
Decomposition 2 X X X X X X X X X
Disciplines & Technologies 3 X X X X X X
Product Life 4 X X X X X X X
Synthesis Matrix 5 X X X X X X X
Life Phase System 6 X X X X
Goal/Results 7 X X X X X
Tasks 8 X X X X X X X
Activities/Plan 9 X X X X
Resources 10 X X X X X
Design History 11

Table 2.1 Mechanism of Design Coordination, after [27]
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Design Complexity factors

DC Frames -
Design

Artifact Activity

Actors

Decision
Making

Aspects

Knowledge/
Sources

1.  Product *
Development

2. Decomposition

S

Disciplines & | .
Technologies

Product Life *

Synthesis Matrix

Goals & Results

Task

4
5
6. Life Phase System
7
8

9.  Activity

10. Resource

11. Design
History

Table 2.2 Relationship between Elements of Design Co-ordination and Design

Complexity Factors, after [27]

2.3.3 Other Characteristics

Some other self explanatory characteristics of design are represented in the

following;

a. Creative;
b. Goal directed;
c. Constrained with respect to

i
ii.
iii.
iv.
V.
Vi.
Vii.
Viii.
iX.
X.
Xi.
Xii.

Natural laws;
Physics;
Technology;
Economics;

Human Factors;
Legal Factors;
Manufacturing facilities;
Logistics;
Customer specified;
Time;

Resources; and
Cost;

d. Uncertain with reference to

Models;
Performance;
Environment;
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Iterative and evolving;
Multiple solutions ;
Comparative ;
Innovative;
Analytical ;
Team based;
Multi disciplinary;
Hierarchical;

. Divergent / convergent; and
Involves compromise [6].

S3TATTSQ ™0

2.3.4 Aspects of Design Development

The development of design process involves following key aspects [44, 27, 30];
Concurrent Engineering;

Decision support;

Design (process) management;

Product management; and

Team engineering.

P00 T

The aspect of Concurrent Engineering involves dealing with following issues;

DFX: Design for X that is designing for a particular life cycle phase;

b. DFX Management: Management of different Design for X scenarios;

c. Life Cycle Issues: Different issues related to different life cycle phases;

d. Providence Design: Bringing downstream product life cycle issues earlier at
design phase; and

e. XTD: X to Design (Fit a particular life cycle phase according to the design).

Q0

The aspect of decision support system deals with following issues;
Authority, Responsibility and Control;
Conflict Resolution;

Consistency Management;

Information Integration;

Information Integration;

Integration & Coherence;

Knowledge Management;

Effective Communication;

Multi Criteria Decision Management; and
Probability and Risk Assessment.

T TQ M0 0T

The aspect of design management deals with following issues.
a. Design Reuse;

b. Distributed Design Authority;

c. Planning, Scheduling and Control;

d. Process Modeling;

e. Task Management;
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f. Right at first time, Rework and Iteration Control; and
g. Resource Management.

The aspect of product management deals with following issues.
Design Reuse and Standardization;

Integration and Control;

Integrity;

Evolution Management;

Configuration Management;

Variant Management; and

Viewpoint Management.

@po0TD

The aspect of team engineering deals with following issues.

a. Team Engineering Inter / Intra Integration;

b. Formation, Assessment, Enhancement and Empowerment; and
c. Negotiation Support and Management.

2.3.5 Evaluation of Issues in Design Development

An analysis of the above mentioned items which affect the process of design
development is presented here after Anderson [30]. This analysis shows the
amount of impact of each aspect and its importance. The analysis is carried out
against the 7 major concerns of the enterprise, namely, cope with rapid design
change, ability to deal with increasingly complex products, reduce non-recruiting
engineering costs, achieve a better quality product, achieve a better quality
product, meet the customer requirements, exploit new product technology,
shorten product cycle time. Each issue in four aspects of Design Development is
evaluated according to these criteria.

Change — Cope with rapid design change;

Comp — Ability to deal with increasingly complex products;

N Costs — Reduce Non recruiting engineering costs;

Qual — Achieve a better quality product;

Requ’ts — Meet the customer requirements;

Tech — Explore the new product technology; and

Time — Shorten product cycle time.

@mpo0oTD

These criteria are given weightings on a rating scale of 1-5. Each issue is
evaluated against each criterion using High Effect, Medium Effect and Low Effect
as suitability indicators. The analysis is summarized in Table. 2.3. The Key at the
end of the Table 2.3 summarizes the abbreviations used in the Table. The aspect
which has no affect on the process is left blank with respect to the process.
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Enterprise’s Requirement
Priority 3 1 5 3 5 3 5
Aspect of product Development Change | Comp N Costs | Qual Req’'ts | Tech Time Totals
Concurrent Engineering DFX * n n * 80
DFX Management * n n * 80
Life Cycle Issues n * * 99
Providence 0 * n * 105
XTD 0 0 * 81
Decision Support Authority, responsibility | , . 0 42
and control
Conflict resolution * 0 * 102
Consistency management n n * n 12
Effective communications * n * 75
Information integration * || 0 n * 90
Integration and coherence * N * 81
Knowledge management 0 * N N 41
Multi criteria management * * * 84
Probability and risk assessment 0 * * N * 111
Design management and design experience 0 0 . 69
reuse
Distributed design authority * * * * " 0 * 162
Planning scheduling and control N 0 n * 56
Process modeling N * n 0 " N 0 44
Resource management 0 n * 57
Right first time, rework & iteration control 0 * * 108
Task management n A n 0 " * 78
Product management configuration 0 . 18
management
Design reuse and standardization * 0 || * 99
Evolution management * 0 * 57
Integrity and control * || 0 42
Integrity 27
Variant management * || 0 42
View point management n 0 6
Team engineering inter/intra integration * * * 81
Formation, assess’t, enhance’t & empower’t * * * * 108
Negotiation support/management * * * * * 153
Totals 444 92 280 236 [ 150 |18 970 | 2290
Key: Change — Cope with rapid design change * — High effect (9 points)

Comp — Ability to deal with increasingly complex products

0 — Medium effect ( 3 points)

N Costs — Reduce non-recruiting engineering costs

A - Low effect (1 point)

Qual — Achieve a better quality product

Req'ts — Meet the customer requirements

DFX — Design to X (fit product to life phase system)

Tech — Exploit new product technology

XTD — X to the Design (fit life phase system to the product)

Time — Shorten product cycle time

Table 2.3 Analysis of Aspects of Design on Design Development Process
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2.3.6 Overall Scoring of Each Aspect

The Design Process

The cumulative scores for each aspect of design development are calculated to
determine their importance against each criterion. Similarly, the percentage of
total score for each aspect against each criterion, as well as the percentage of
the total score for each criterion against each aspect of design development, are
also calculated and are summarized in Table 3.3. It can be seen that Decision
support has the overall highest impact and the design management is on the
second place. On the other hand, time plays the most vital role in fulfilling the
requirements of the organization.

Enterprise’s Requirements

% of column total

| % or row total

Table 2.4 Overall Scoring of Each Aspect, after [30]

Aspects of
Product Change | Comp | N Costs | Qual Req’'ts | Tech | Time Points | %
Devp’t
Concurrent 63 3 10 51 90 3 225
eurrel 445 |19
Engineering |14 [14 [3 [1[4 [2 [15]11]60][20 [17]1 |23 |51
Decision 153 25 60 102 45 3 250
638 |28
Support 35 [25 |27 |4 [21 |9 [30]16[30]7 [17]1 |26 ]39
Design 54 22 120 66 15 12 285
574 |25
Management | 12 |9 [24 [4 [43 [21 20 |11 [10]3 [66]2 |29 |50
Product 93 15 45 63 - - 75
291 |13
Management | 21 |32 [16 |5 |16 [15[19[22 |- [- |- |- [8 [26
Team 81 27 45 54 - - 135
mo 342 |15
Engineering | 18 |24 [30 |8 |16 [13 1616 |- [- |- |- [14 |39
Total Points | 444 92 280 336 150 18 970 2290 | 100
0,
% of Total) g 4 12 15 7 1 42 100
oints
Key: Points

These cumulative scores also indicate the relative importance of each criterion
for each one of the four aspects of design development. The relation (*) is shown
in Table 2.5.
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Enterprise’'s Requirements

The Best Means Change Comp N Costs Qual Req’ts Tech Time

Concurrent .
Engineering

Decision Support * - - * - - -

Design . . .
Management

Product
Management

Team Engineering - - - - - -

2.4

Table 2.5 Relative Importance of Aspects, after [30]

General Problem Solving / Decision Making Process

It is apprised in the previous discussion that design is a problem solving process.
A problem or a need is felt by the society and is confronted by the designers.
Therefore, the problem solving procedure is an essential part of product
development and involves step-by-step analysis and synthesis. The qualitative to
the quantitative approach is followed in this process, each new step being more
concrete than the last.

The work of Dorner [25] shows that in order to solve problems successfully, it is
necessary to develop an approach adapted to the specific problem and modified
appropriately as the problem solving proceeds. When searching for solutions, it is
very effective to view the problem from different perspectives, such as different
levels of concretization.

According to Muller [26] the problem solving processes are process models that
are suitable for describing in a rational way the approach necessary to make
complex processes comprehensible and transparent. Thus these procedures are
not descriptions of individual thinking processes and are not determined by
personal characteristics.

A systematic approach aims to keep the iteration loop as small as possible in
order to make design work effective and efficient. The division into working and
decision making steps ensure the necessary and permanent links between
objectives, planning, execution and control. With these links we can construct a
general process for finding solutions to problems. A general problem solving
process flow chart is presented in Fig. 2.13.
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Figure 2.12 General Problem Solving Process, after [5]

Design (Product Development) Process Models

The design is a complex and many times a lengthy process. It requires input from
all departments of the company and generates output to apparently all
departments. Thus, keeping in view the importance and complexity of the design
process, many authors have provided the process models for the design
process. As design is a vast field, these models vary in shape and detail but all of
them refer to the breakdown of the design activity so that the activity is carried
out for maximum performance and optimization.

A number of industrial and engineering design process models have been
proposed in the literature for the smooth operation of the design activity. These
include those given in [22, 15, 5, 36, 37]. All the contributions are directed
towards providing a compact and efficient engineering design process model with
minimum time and effort and maximum optimized output. Some reference
approaches are presented in Fig. 2.14 — 2.16. The comparative analysis of these
models are out of the scope of this thesis, thus only the models are presented
and further discussion on them may found as referenced.
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Figure 2.13 French's and Pugh's Model, after [36]
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Optimization of the layout, forms and materials

Optimization of the principle
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In spite of the differences between the approaches, the design process may be
divided into following distinct phases.

a. Task Clarification;

b. Conceptual design;

c. Embodiment design; and

d. Detail design [5].

2.5.1 Task Clarification

To start a product development, a product idea is needed that looks promising
given the current market situation, company needs and economic out look plus
the strategic mission and vision of the company.

The idea is purified and analyzed many times to produce a task definition of the
product. The outcome is called Product Design Specification (PDS).

Irrespective of whether the task is based on a product proposal stemming from a
product planning process or a specific customer order, it is necessary to clarify
the given task in more detail before starting product development. The purpose
of this clarification of the task is to collect information about the requirements that
have to be fulfilled by the product, and also about the existing constraints and
their importance.

This activity leads to the formulation of a requirements list that focuses on, and is
tuned to, the interests of the design process and subsequent working steps. The
conceptual design phase and subsequent phases should be based on this
document that has to be updated continuously. The result of this phase is the
specification of information in a requirements list.

This task can be further elaborated by the following steps;
a. Product planning;

b. Situation analysis;

c. Search strategies;

d. Selection of product ideas;
e. Product definition;

f. Clarifying the task; and

g. Listing the requirements.
2.

5.2 Conceptual Design
After completing the task clarification phase, the conceptual design phase

determines the principle solution this is achieved by abstracting the essential
problems, establishing function structures, searching for suitable working

34



Chapter 2 The Design Process

principles and these combining those principles into a working structure.
Conceptual design results in the specification of principle.

The specification of a principle requires to asses the essential aspects of a
solution and reviews the objective and constraints. There may be many principle
solutions. This solution can take many forms for example, a circuit diagram, a
factory layout, a part drawing etc.

2.5.3 Embodiment Design

This phase involves the evolution of the idea starting from a concept to a
technical system inline with technical and economical criteria. This phase results
in the specification of layout as an output.

It is essential to produce several preliminary layouts or solution to scale
simultaneously and to asses the pros and cons. After a successful and sufficient
elaboration of layouts this design phase ends with evaluation against the
predetermined technical and economical criterions. By appropriate combination
and elimination of weak links the best solution can be obtained.

The final solution provides the check of function, strength, compatibility and the
financial impact of the project. After the completion of this phase proper working
should start on the detailed design phase.

2.5.4 Detail Design

This is the phase of design process in which the arrangements, forms,
dimensions and surface properties of all the individual parts are finalized. The
materials are specified production possibilities and cost is estimated.
Furthermore all the documentation is produced in this process [18, 19]. The
result of detail design phase is the specification of production. Following are the
crucial activities during this phase;

a. Optimization of the principle;

b. Optimization of the layout, forms and materials, and

c. Optimization of the production.

The Fig. 2.15 shows an overlap in the above crucial activities to a considerable
extent. It is, therefore, important that the optimization may be carried out with
proper procedures.

The main phases of design cannot be limited as described above. Even the
conceptual decision may require a scale drawing for the purpose of deciding the
possible solutions. Also, the preliminary layout selected during the embodiment
design may involve nothing more than rough sketches.
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Chapter 3
MANUFACTURING AND PRODUCT DEVELOPMENT

3.1

Impact of Manufacturing on Society
3.1.1 Introduction

Chapter 2 presented the design process and general process models that are
used in the process of design. The GDP of any country is driven by the fact that
how much it is producing in the form of manufactured items / goods, may it be
mechanical, agricultural, structural, electronics or any items. The manufacturing
sector requires huge investment and returns great Return On Investment (ROI).
Manufacturing requires proper investment in design and its development also.
The impact of manufacturing on the society is presented here as a comparison
between the manufacturing sector of Japan and US.

3.1.2 Comparison of Japan and US

The manufacturing sector saw both rise and fall during the last two decades.
During 1980 — 1996, the productivity in manufacturing sector saw a 50% rise in
Japan as compared to US. This fact is shown in Fig. 3.1. Due to productivity
increase, Japan emerged as the leading industrial country of the country in late
1990s.
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Figure 3.1 Productivity in Manufacturing, 1980 = 100, after [38]

(Gross value-added at 1985 prices per person employed)
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The result that is observed in Fig. 3.1 is a result of huge investment that occurred
during this period. It is almost 4 times as compared to US in that period. This fact
is shown in Fig. 3.2.
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Figure 3.2 Investment in Manufacturing Sector, after [38]

The heavy investment in the manufacturing sector resulted in high productivity of
the sector as shown in Fig. 3.3.
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Figure 3.3 Productivity Comparison, after [38]
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3.2

As the productivity increased, more manpower was required in the manufacturing
sector. This resulted in increase of employment in this sector approximately by
20% in Japan, as shown in Fig. 3.4, hence providing more opportunities for the
countrymen for job.
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Figure 3.4 Employment Increase Comparison, after [38]

Product Development

As discussed above, the manufacturing trait has huge impact on the survival and
growth of the society. Product development needs to be extremely efficient and
effective if the ultimate goal, manufacturing, has to be achieved in a competitive
environment. A brief overview of the product development will be presented here
in the context of design development and management.

3.2.1 New Product Need

Each new product is developed in the response of either a particular need or a
requirement arising from the customer / industry. As discussed in 2.2.5, the
product need arises from the technology push and market pull. The arising need
situation is followed by market research, product development and production
hence providing the business to the organization. Therefore, the product need
and its introduction is a business providing step in the economy. The fact is
shown in Fig. 3.6.
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New product development describes the complete process of bringing a new
product or service to market. There are two parallel paths involved in this
process.

a. Firstinvolves the idea generation, product design, and detail engineering;

b. Second involves market research and marketing analysis [42].

The product development process is carried out in the manner as shown in Fig.
3.7.

Concept Development

Idea Generation EE—— Idea Screening EE—— & Testing

'

Business Analysis ———»» Market Testing P>

Technical
Implementaion

Industrialization -

Figure 3.6 The Product Development Process

Idea Generation can be done from basic research using a SWOT analysis
(Strengths, weaknesses, Opportunities & Threats), Market and consumer trends,
company's R&D department, competitors, focus groups, employees,
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salespeople, corporate spies, trade shows, or Ethnographic discovery methods
(searching for user patterns and habits) may also be used to get an insight into
new product lines or product features [43].

Idea Screening is targeted to eliminate infeasible concepts prior to devoting
resources to them. The main concerns can be the customer’s benefit, technical
feasibility to manufacture the product and the profit margin.

Concept Development and Testing includes developing the marketing and
engineering details like, market and customer identification, product features,
product usage, cost effectiveness and the testing of the developed concept
through sample customer response.

Business Analysis is based on the estimation of likely selling price based upon
competition, customer feedback and sales volume and the calculation of
breakeven point.

Beta Testing and Market Testing includes physical prototype preparation, testing
the product according to customer interactions and making necessary
adjustments.

Technical Implementation includes resource estimation, operations planning,
logistics planning etc. The commercialization is beyond the scope of product
development where product is finally launched, advertised and marketed. Critical
path calculation is useful at this stage [44 — 47].

3.2.2 Interdisciplinary Product Development

As described above, the need situation arises from the technology push and
market pull. This situation drives the product development main areas namely
marketing, engineering development and production, shown in Fig. 3.8. There
are many disciplines that can be addressed during this development. It may
involve mechanical design, electronics design, industrial engineering, and
marketing management. Moreover, again in mechanical design, it may be a
simple design for stress or it be a complex design to endure thermal and fatigue
stresses.

40



Chapter 3 Manufacturing and Product Development

Marketing Sales

Development/Engineering Design

Development/Esteblishment/Production

NN N

* Many Disciplines !!!

Figure 3.7 Multi-Disciplinary Nature of Product Development

There are different phases during the development of the product in each of
these three areas of concern. Each phase requires time and the length of each
phase depends upon the type and nature of the product to be developed. The
time elapsed during these phases is schematically presented in Fig. 3.9. Each
one of the three areas (Market, Product and Production) is processed
simultaneously for the development of the product. Each phase is defined
according to the processes performed to get a specific output from it. Therefore
the product development phase is completed in the time elapsed as shown in the
Figure. The activities required in three principal areas are also shown in Fig.
3.10.
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Figure 3.8 Time Division during Product Development Phases, after [39]
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Figure 3.9 Activities in Product Development, after [39]
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3.2.3 Product Life Cycle (PLC) Management

It seems necessary here that an introduction of product life cycle management is
presented here. Product Life Cycle Management is the succession of strategies
used by management as a product goes through its product life cycle [41]. APLC
is meant to assert that;

Products have a limited life,

Product sales pass through distinct stages,

Profits rise and fall at different stages of product life cycle, and

Products require different marketing, financial, manufacturing, purchasing,
and human resource strategies in each life cycle stage.

Qo oo

According to the Product Development and Management Association (PDMA),
superior and differentiated new products - ones that deliver unique benefits and
superior value to the customer - is the number one driver of success and product
profitability [48]. A typical PLC Management process is shown in Fig. 3.11.

Product Lifecycle
Management
Product Foundry | Assembly Product
Definifion Fab Rules Release
Servicas Approval
Industry
) Process Fabricafion Assembly Product

Processes Change PCN

Semiconductor

SISATWYNY

Agile PLM Plaiform

Technology
Solution Product Portfolio Product Quality Product Cost
Collaboration Management Management Management

ADOTONHIAL

Figure 3.10 Typical Product Life Cycle Management Approach
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Different stages in PLC Management and their hallmark characteristics are
summarized as follows.
a. Market Introduction Stage

i. Costs are high;

ii. Low sales volumes to start;

ii. Little or no competition - competitive manufacturers watch for

acceptance / segment growth losses;

iv. Demand has to be created;

v. Customers have to be prompted to try the product; and

vi. Makes no money at this stage.

b. Growth Stage
i. Costs reduced due to economies of scale;
ii. Sales volume increases significantly;
iii. Profitability begins to rise;
iv. Public awareness increases;
v. Competition begins to increase with a few new players in establishing
market; and
vi. Increased competition leads to price decreases.

c. Mature Stage

i. Costs are lowered as a result of production volumes increasing and
experience curve effects;

ii. Sales volume peaks and market saturation is reached;

ii. Increase in competitors entering the market;

iv. Prices tend to drop due to the proliferation of competing products;

v. Brand differentiation and feature diversification is emphasized to
maintain or increase market share; and

vi. Industrial profits go down.

d. Saturation and Decline Stage
i. Costs become counter-optimal;
ii. Sales volume decline or stabilize;
ii. Prices, profitability diminish; and
iv. Profit becomes more a challenge of production/distribution efficiency
than increased sales [43, 46]

3.2.4 Deliverables in Product Development Process

Each of the life cycle of the product processes some raw information and
generates some useful information which is then processed during next process
to provide the food for the next in turn process of the life cycle. Some typical
deliverables in the product development process are schematically presented in
Fig. 3.11.
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Figure 3.11 Outcomes of Product Development Process, after [39]

Design and Development life cycle

3.2.5 Advantages of Early Product Introduction

The company who introduces a new product in the market first gains a certain
competitive advantages to companies who introduce similar products late in the
market. These advantages are in the form of longer sales life and more residual
market share as important advantages [6, 39]. The fact is shown in Fig. 3.12.

Company E introduces the product at some time T and company L introduces the
product after a certain interval. Company E enjoys more market share due to
early introduction. Another case is presented here that if company E loses quality
or produces low quality of product, it will loose customer satisfaction and hence
the market share. Therefore, company L can only advance if company E suffers
or sets out of competition. Nevertheless, the advantage of early product
introduction for company T remains the same.
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Figure 3.12 Advantages of Early Product Introduction, after [39]

3.2.6 Performance Indicators

In addition to introducing the product early in the market, the business concern or
the company should also indicate some factors that should be minimized (like
cost, manufacturing time, rework etc.) or maximized (like profit, customer
satisfaction, increased life cycle time, some sales target etc.). These factors will
later be considered when assessing or measuring the performance of the
company. These factors are called as performance indicators and are used to
manage the performance of the product.

While these indicators may be bench-marked from some leading organization,
they can merely be self-developed. It is however advised to use some proven
performance indicators as sated in [39, 43] etc. The concept of performance
indicators is shown in Fig. 3.13. The arrows pointing inwards show the measures
of performance that should be minimized, while the arrows pointing outwards
show the measures of performance that should be maximized. Of course, this
figure does not cover the complete horizon of the performance indicators and just
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serve the purpose to schematically represent the concept of performance
indicators.
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Figure 3.13 Concept of Performance Indicators, after [39]

3.2.7 Investment in Product Development

The investment at the initial stages of the product development gives a
competitive advantage as compared to the investment made earlier. According to
Anderson [39], following are the major operating costs incurred during the project
life cycle;

Design: 11%;

Sales and Administration: 18%;

Production Planning: 6%;

Production: 25%; and

Purchasing and Contracting: 40%.

P00 TO

It can be seen that 40% cost is incurred during the purchasing and contracting
phase. This finding is supported by the fact that each company cannot specialize
in each and every component of the product, e.g., a pump manufacturer may not
be a competitive enough manufacturer of a bearing or key etc., or it may be not
be feasible for the manufacturer to manufacture these components within the
factory. The company may choose, therefore, to subcontract certain components
to a trusted manufacturer or even purchase the standard components from the
market.

47



Chapter 3 Manufacturing and Product Development

The investment made during the product development phase depends upon the
type of the product under development. An entirely new product or idea may
require extensive research and hence larger investment and vice versa. In return,
the profit growth continues till the maturity phase of the product life cycle. Taken
from the start of the product development process, products normally reach the
maturity phase in the 14" year [43], as shown in Fig. 3.14.

A

Cash Flow

Years

Developr Years 14
Design = Year 00

<4—— Investment

Figure 3.14 Investment till Product Maturity, after [43]

The Return On Investment (ROI) is also calculated during the planning phase so
as to calculate the breakeven point. Some unforeseen factors like overheads,
additional project costs, low sales, increased rework etc. the ROI can be less
than what was expected. The planning phase should therefore address as many
factors as possible. The ROI that was expected and that actually was obtained is
shown in Fig. 3.15 with the factors that may have caused this.

The design process determines the overhead costs, the later manufacturing
processes that need to be developed for manufacturing, the production
technology, the strategy of production etc. This is based on the fact that the
design process finalizes the product features and the rest of the product life cycle
only serves to produce the paper idea into the reality. Thus the design process
returns the highest investment as compared to other processes as shown in Fig.
3.16
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Figure 3.15 Actual vs. Planned ROI, after [39]
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Figure 3.16 Investment vs. ROI for Different Processes

Investing in design is relatively inexpensive and risk free, as it is not a capital
intensive activity. The manufacturing and marketing activity requires heavy
capital investment. The design process does not require such heavy
investments. Moreover, if any concern or comment is received about the product,
the manufacturer has to revert back to the design process. Productivity
improvement is also affected by the design process, as the design process
determines the required manufacturing setup.
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The companies who paid due importance to the design process received more
ROI as compared to those who neglected the importance of design process at its
proper life cycle phase. The following study, Fig. 3.17, represents the comparison
of different performance indicators of the firms that assumed the design
development as a key element and vice versa. The study is adopted from [39].

43%

19%

11% 7%
15%

8DA) 60& 1 ZOA)

Performance on business indicator

Return on ) . Turnover .
Capital Profit margin growth Capital growth

Representative sample (28 or 31 firms for which data
was available with one major loss-making firm removed)

. Design-conscious sample (8 firms)

Figure 3.17 Comparison of Firms that Considered Design Development and Those
Firms that overlooked it

Moreover, it is worth mentioning here, that if due to any reason, the development
cost runs over, it does not cost a huge loss as compared to late shipments and
production costs overrun. The following study (Fig. 3.18) shows that the 50%
development cost overrun did actually cost only 3.5% loss in profit, while the
shipment 6 months later caused 33% loss and the high production which were
only 9% classified as too high caused 22% loss.
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Figure 3.18 Other Losses Incurred in Profit as Compared to Those of
Development cost Overrun

It is therefore concluded that the companies that invest more in the design
development stage are at a competitive advantage rather than the companies
overlooking the importance of the design phase or not duly investing (time,
money etc.) in the stated phase. Moreover, the competitive advantage in
manufacturing can be enhanced manifold by incorporating the competitive
advantage in product development through performance measurement at the
initial phase.
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Chapter 4
PERFORMANCE MEASUREMENT: AN OVERVIEW

4.1

Introduction to Performance Measurement

The previous chapter presented the introduction of product development and the
impact of its manufacturing on the society. It was also discussed that if a new
product is launched before the prescribed time, it is a competitive advantage and
returns huge ROIs and increased product life cycle. It was also concluded that for
a business to be successful and profitable, it should be continuously measured
and necessary changes should be made. In this chapter, the performance
measurement phenomenon is described in general and it is especially elaborated
for the product design development process.

4.1.1 Business Process Performance

Business process performance has been a great area of interest since the early
20" century. Many methods of business process improvement have been
available since then [49]. Due to this interest in business performance
measurement, a number of methods and tools, including software have been
used or developed to aid in its implementation [9]. Business performance
management (BPM) is a set of processes that help businesses discover efficient
use of their business units, financial, human and material resources [50].
Business Process Improvement (BPI) is a systematic approach to help any
organization optimize its underlying processes to achieve more efficient results
[3]. While there are differences in the challenges that each type of industry
poses, the fact remains that the core principles of BPI and how they apply to
business improvement remain portable across industries and functions.

Due to growing concern of the industrial competitiveness, many companies are
assessing ways in which their product, product quality and operations can be
improved. US industry is of the view that quality of the products and services can
best be addressed by focusing on improvement of the processes that create the
products. This process approach is embodied in the Malcolm Baldrige National
Quality Award (MBNQA) and is the central theme of the ISO 9000 standards.
The definition of the process in this context is very broad and covers not only the
processes through which the product is manufactured, but also the processes of
design, strategy formulation, marketing etc. Therefore, BPM is the method by
which an enterprise carries out its quality program [9]. Approaches to the study of
processes have been termed process simplification, process improvement [51]
and reengineering [52]. A model of Business Process Management is presented
here after Elzinga [9] in Fig. 4.1.
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Figure 4.1 Business Process Management, after [9]

A preparation of BPM is done through the analysis of the organization’s vision

and mission statements. In the beginning of this process goal setting for the

organization is done through a set of Critical Success Factors, CSF [53]. CSF is

a methodology that systematically identifies those actions that are necessary to

enable an organization to achieve its goals. According to [53], CSFs are the few

key areas where things must go right for the business to flourish. It involves

following two steps;

a. An interview with top management in which the mission and vision is
reviewed and goals are established; and

b. The results of the first step are reviewed with management and measures to
enhance the performance of each CSF are established.

CSF was first used by McKinsey & Co. in 1950s [54]. CSF was later proved to be
helpful in application such as hotel & hospital management, asset management
and in decision support systems [55, 56, 57, 58]. Process quantification may be
done by using methods relating to activity based costing, e.g. activity based
costing (ABC) [60]. When the process has been quantified the opportunities for
improvement are selected. This decision making process may be undertaken
with the help of traditional methods such as Gantt Charts, Pareto Diagrams etc.
Cost factor, where intensively higher can be considered with the help of cost-
value matrix. The processes will be selected based on cost benefit analysis and
return on investment etc. a cost-value matrix is shown in Fig. 4.2.
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Figure 4.2 Process Cost-value Matrix

After the improvement opportunities have been identified, improvements to the
process have to be recommended and implemented. The process gets into a
continuous improvement cycle loop as shown in Fig. 4.1. In all of the process
factors, benchmarking is done if required. According to Camp [59], benchmarking
is a process of consistently searching for new ideas or methods and adapting

them for their good features and their implementation to obtain the best results. A

survey as reported by [9] concludes that;

a. BPM is a part of comprehensive quality program;

b. Companies develop individual BPM programs due to lack of common
knowledge;

c. Driving forces are product quality, profit;

d. Impediments are lack of management concentration, employee retraining, a
management view that companies are product driven rather than process
driven;

e. There is a common and substantial overlap between BPM and ISO 9000.

f. It is more important to apply BPM to areas such as marketing, design and
strategic planning; and

g. Top management and in—process employees are more responsive to BPM.
The highest resistance to BPM is offered by middle management.

4.1.2 What is Performance Measurement?

There is no consensus on a single definition of the word performance, because it
is interpreted and used differently in various situations and contexts [6, 9].
Performance is such an attribute of a system which may be interpreted differently
by different people working in different professions [61]. A top management
executive may define performance as value of current share, therefore reflecting
the result of performance across all business process. A production manager

54



Chapter 4 Performance Measurement: An Overview

may define performance as a number of products produced over a given time.

Similarly, a product development specialist may define performance as

percentage of turnover due to new products. A formal definition of performance is

therefore required. Here, a number of definitions of performance are presented
for further analysis.

a. Performance: Effectiveness i.e., measuring output to determine if they help
to accomplish objectives and efficiency i.e., measuring resources to
determine whether minimum amounts are used in the production of outputs
[62]. This is with reference to research and development organization.

b. Performance: The level to which a goal is attained [63]. This is a general
definition of performance.

c. Performance: Efficiency and effectiveness of a purposeful action [64]. This is
with reference to general business.

d. Performance: A complex inter-relationship between seven performance
criteria [65]. This is with reference to organizational system

i. Effectiveness;

i. Efficiency;

ii.  Quality;

iv.  Productivity;

v. Quality of work life;
vi.  Innovation; and
vii.  Profitability.

It can be observed that there is a vast difference between general definitions of
performance. Neely [7, 12] states that performance measurement is a topic
which is often discussed but rarely defined. Meyer [70] suggests that there is a
massive disagreement as to what performance is. However, it is generally
observed in a-d, as described above, that efficiency and effectiveness are the
most common words which describe performance. Effectiveness is related to the
attainment of goals and efficiency is related to the use of resources. Moreover,
the relation between effectiveness and efficiency is not clearly defined. Following
are the performance related definitions collected from the literature.

a. Dimensions of performance: Total product quality, lead time and productivity
(level of resources used) [66]. This is with reference to product development.

b. Dimensions of performance: Focus in development, speed of development
and R&D efficiency [67]. This is again with reference to product development.

c. Dimensions of performance: Development time, development productivity
(use of resource) and total design quality [68].

d. Dimensions of performance: Efficiency, effectiveness and adoptability [69].
This is with reference to manufacturing.

e. Dimensions of performance: Time, cost, quality and flexibility [12].

f. Performance measurement. The acquisition and analysis of information about
the actual attainment of company objectives and plans, and about factors that
may influence this attainment [71].

g. Performance measurement. The process of determining how successful
organizations or individuals have been in attaining there objectives [72].
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h. Efficiency. Ratio of increase in (clarification + risk reduction + detail +
documentation) to (increase in cost) [30].

i. Productivity: A measure of how well resources are combined and used to
accomplish specific and desirable results [73].

j- Design Productivity: Efficiency and effectiveness [74, 75].

The references given above define performance measurement as its key
dimensions. They primarily include the dimensions such as time, cost and
quality. The meaning of time and cost is quite clear but the meaning of quality is
again like performance in literature because of its varied interpretation and
understanding. Other dimensions such as focus in development, adoptability and
flexibility do not measure performance it self but influence it. As a matter of fact
flexibility and adoptability are only appropriate within an environment where
changes are required e.g. design, where rapid changes occur due to idea
generation. Therefore, flexibility and adoptability will influence performance but
do not constitute its dimension. As a summarization of above, following
conclusions are outlined about the definition of performance and its
measurement;

a. The definition of performance and performance measurement vary across the
literature due to its different interpretation in different areas of interest;

b. The key elements of performance are not clearly defined and they are also
not agreed;

c. The authors defining performance as efficiency and effectiveness have not
clarified the meaning of the terms. Moreover, the literature lacks the
procedures to measure efficiency and effectiveness of a process, so that to
constitute performance; and

d. Many of the measures of performance described in literature relate to the
performance in context of influence and not in context of its dimensions, i.e.,
they affect performance but they do not constitute performance itself.

4.1.3 Reasons for Assessing Performance

Business is targeted to obtain monetary benefit. This is obtained through
customer base (the more customers the business attracts, the more is the profit),
and the customer satisfaction. Companies have always tried to improve and/or
maintain their performance so that to attract more customers and improve the
customer satisfaction level. Therefore, performance measurement is a sub-
division of a general management process which includes the concept of
continuous improvement to obtain the satisfaction of customer. Performance
measurement does not generate any monetary benefit itself but it is only a
measure to assess where does the business stand in competition. Moreover, the
analysis of performance reveals the weak areas for improvement.

Performance measurement of business is a general management task which is

often not distinguished clearly from the process [49, 61, 72, 76, 77]. Sinclair et al.
[72], in their analysis of 115 companies found that there was no separate
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management system for the performance measurement. However, following

specific reasons for the performance measurement of a business process can be

found in literature referenced at [61, 71, 78, 27, 50]. A summary of the reasons
for measuring performance is presented below;

a. For benchmarking: Benchmarking [59, 79] is normally done to compare the
business performance of the company with other competitors. Therefore, we
have to measure the performance first in order to compare and benchmark it.
This helps in assessing that whether the business performance is increasing
or decreasing and therefore a comparison.

b. The performance measurement practice results in addressing the weak areas
of the business process and provides an opportunity for continuous
improvement. It also helps in decreasing the loop holes present in the
technical and management practices.

c. As a result of previous performance attribute values the business
performance can be planned and controlled in a better manner in the future.
The analysis of performance against a specific plan generates guidelines for
future planning and control with reverence to the past experiences.

d. Performance measurement provides insight to the business processes
thereby identifying the factors influencing performance and the nature of their
influence.

e. The results of performance improve organizational learning.

f. It motivates the employees to work in the same manner, or to improve their
performance in a specific area for future benefits thereby, providing better
opportunities for competition.

g. The benefits of performance measurement indicated here relate to the overall
business aims of continuous improvement and customer satisfaction.

4.1.4 Improving the Performance

It was previously stated that many companies do not have a formal and separate
performance measurement system. This system relate to the decision support
area and it helps the organization to improve the decision making process. The
performance measurement system definitely does not contribute towards the
improvement of performance but provides a basis on which performance
strategies may be made and improved. The performance improvement system is
outlined in the Fig. 4.3. The process is cyclic in nature and repeats itself when
required and can be applied to any business process such as design,
manufacturing, logistics etc. The process is defined in terms of inputs, outputs,
goals and resources. Therefore, one can compare the outputs and goals with
inputs with reference to the resources available.
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Figure 4.3 A Model of the Performance Improvement Process, after [13]

a.

4.1

Fig

Assessment: Present performance of the system is assessed with the aim
that these assessed values will be used for future comparison with the future
values such that the performance has increased or not. This is done with the
help of performance measures and matrices. The assessment is primarily
related to the key elements of the particular business process as defined in
Fig. 4.3 as inputs, outputs, goals and resources. The output may be
interpreted as deviation from planned performance measures.

Analysis: Analysis is done to obtain detailed information on the causes high or
low performance with respect to the decision making process for future
reference and improvement. The analysis may be aimed at employing more
resources to a certain process and its impact on the performance. The
performance analysis provides more comprehensive information with respect
to the business process performance.

Action: The output acquired from analysis provides necessary information for
future decision process, and therefore, decisions can be made on analytical
results and ground realities to achieve improved performance. The decisions
may include the deployment of more resources, reorganization and
reallocation of the present resources.

.5 Performance Matrices

. 4.3 depicts that before assessment matrices are required. Performance

matrices are a specific element used in the performance improvement process.
Performance matrices have always been given great interest in the literature and
it has been a matter of concern to the researchers for how to measure the
performance. There is a general agreement in the literature that these matrices
differ in nature due to their varied application and are dominated by financial
aspects [16, 80, 81]. It has been a tremendous research to develop generalized
to cover the overall industry but it is suggested that it is not feasible to develop
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4.2

generalized matrices [82]. A number of researchers also suggest that the
performance matrices may change for a specific business continuously as the
performance measures change [70, 83]. Dixon [83] states that, each
organization, each unit within each organization, and each unit within each
organization at each point within its strategic, market and technological evolution
will require its own unique set of performance measure.

These matrices are developed from the investigation of the activity or process
which is under study. A model of the process may help to develop the matrices
more easily. The more appropriate the matrices, the more accurate and fruitful
the performance measurement.

416 Coherence

It is possible that the performance measurement procedure, as defined in Fig.
4.3, may be applied to many business processes in isolation and through
different application processes. As a matter of fact performance is measured in
many businesses in Pakistan in this manner. A review of literature suggests that
this approach can result in sub-optimization, i.e., a specific business process
may be performing very well but its high performance may have a negative
impact on the overall performance of the organization and hence may deprive the
organization from the benefit of performance measurement.

Coherence (aligning performance throughout the organization) is considered as a
necessary element of the performance measurement system [12, 80, 84, 85].
According to de Hass [84] coherence is an attribute of the performance
measurement system which helps to achieve scores on performance indicators
by the group acting upon that system to contribute to the performance of
interdependent groups and thereby to contribute to the performance of the
organizational entity as a whole. The work reported by Hass is applicable for the
concept of coherence to the general business process. For example; the
manufacturing process must be aligned with the overall performance of the
product development process to ensure that manufacturing positively contributes
towards overall developments. Similarly, design and manufacturing performance
should correlate to each other so that they can improve the business process as
a whole.

Topics in Performance Measurement

It was discussed in previous chapters that performance measurement is a

diverse and varying field due to its applications in almost every aspect of

business. Here, different aspects of diversity of performance measurement are

summarized;

a. Different organizations and professionals: A large number of business
concerns are present today. They include government sector, hospitals,
hotels, banks, non-profit organizations, financial services, manufacturing
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etc. Then if we breakdown into the manufacturing business, it may include
manufacturing of mechanical, electronics, composites, medical,
pharmaceuticals, clothes, sports items etc. In mechanical manufacturing
again, the design machine tool and tool design etc. are present. Every
process needs to be measured and improved in performance. Every
process has different inputs and outputs and therefore every process will
have different matrices. This indicates the diversity of performance
measurement field.

b. Intangible nature: Many companies scale their performance with reference
to the financial transactions and outputs during the current fiscal year. This
approach generates a yearly report which cannot provide a further insult to
the performance of the organization. Performance relates to the intangible
and un-measureable aspects of the system. This presents another
difficulty in this area.

(of Employee involvement. A performance measurement system will never
operate properly, if the employee of the organization are not interested or
empowered to generate the contribution towards the performance
indicators.

d. Forward looking and realistic: A performance measurement system of an
organization should properly co-relate with the mission and business
statement of the organization so that weak areas of the business can be
improved through a continuous process. Setting targets is the most
intangible aspects of the system. Achieving the goals require more effort
and many organizations prefer to obtain the goals and in turn provide
short term benefits. Moreover, an organization should constitute its
performance integrators with the consent of its management and working
staff. So that the indicators can be achievable and realistic. For example,
an organization cannot improve its productivity from 10% to 90% in a
month.

4.2.1 Key Performance Indicators (KPI)

KPIs are financial and non financial measures or matrices used to help an
organization define and evaluate, how successful it is, typically in terms of
making progress towards its long term organizational goals [86]. KPIs basically
monitor and indicate the betterment of the business process through business
activity monitoring (BAM). Through KPIs a proper value is given to every critical
business process and it is measured and inspected to see the performance. KPls
are implemented through techniques such as balanced scorecard. The concept
of balance scorecard will be explained later.

There was a discussion on Critical Success Factors (CSF) in section 4.1.1. The
KPls should not be mixed up with CSFs. For example if a mission statement says
that average revenue per customer should be increased from 10% to 11%, the
average revenue per customer is the KPI, while providing a decent product so
that the customer should buy it, is the CSF.
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It is extremely important for an organization to clearly identify its KPIs so that it

can head towards its goals with clarity. According to [86], following environment

for identifying the KPls is required;

a. Having a pre-defined business process;

b. Requirements for the business processes;

c. Having a quantitative/qualitative measurement of the results and comparison
with set goals; and

d. Investigating variances and tweaking processes or resources to achieve
short-term goals.

KPI should follow a SMART criteria, where

Specific purpose for the business;

The selected business process should be Measureable so that we
can obtain a proper value for KPI;

The defined purpose should be Achievable;

The KPI should be Relevant to the business; and

There should be a Time phase in which the KPI should be
measured.

A
S
M
A
R
I

L

Following are some typical KPIs for the stated business processes;
a. Marketing:
i.  New customers acquired
ii.  Turnover
iii.  Profitability of customers
b. Manufacturing:
i.  Overall equipment effectiveness
c. Supply Chain Management:
i. Sales forecast
ii. Inventory
iii.  Transportation

4.2.2 Performance Measures

It has been a matter of concern for the researchers to obtain a set of
performance measures against which the performance of the department can be
measured. Graham et al. [87] presented a set of 42 performance measures after
consulting from 155 production managers. The manager's experience and
position was considered in the study. This is shown in Table 4.1.
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ltem Mean and o
(Standard Deviation)

Age (in years) 43.12 (9.14)

Experience in area managed (years) 15.10 (9.80)

Years in present position 5.70 (5.52)

Position (level) in company 2.57 (0.76)

Employees in department 188 (266)

Table 4.1 Manager and Position Data, after [87]

The identified performance measures in the study are tabulated in Table 4.2.

Mean and
Performance Measures (Standard Element
Deviation)
Varlanf‘:e be’Eyveen planned “output” and 4.41 (0.96) Product
actual “output
Machine output rates 4.26 (1.25) Machines
Machine downtime 4.26 (1.23) Machines
Variance between standard amounts of
materials required for jobs and actual 4.21(1.16) Materials
amounts used
Incidence of quality control problems 4.17 (1.03) Product
Rate at which delivery schedules are met 4.10 (1.37) Customers
Variance between standard times allowed
for jobs and actual times taken 4.07(1.31) Employees
Scrap or waste levels 4.06 (1.24) Materials
Yield of material inputs to outputs 4.05 (1.35) Materials
InC|de.nce of delays in obtaining supply of 3.95 (1.30) Suppliers
materials
Absenteeism levels of employees in
departments 3.85(1.11) Employees
Incidence of customer complaints 3.81(1.27) Customers
C_usfcomer service level (i.e., orders filled 3.80 (1.53) Customers
within required time)
Incidence of out of stock of products 3.74 (1.48) Customers
Incidence of rework 3.72 (1.38) Materials
Operating costs per machine 3.68 (1.56) Machines
General “output” per employee 3.59 (1.51) Employees
Accident levels of employees in department  3.53 (1.38) Employees
Results of testing of company’s products 3.45 (1.58) Product
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Incidence of disputes with unions

“output” to expense ratios

Comparison of actual sales to forecasted
sales

Performance rating of
department by supervisors

employees in

Turnover rates of employees in department
Inventory turnover rates

Profit per time period

Incidence of supplier complaints

Return on investment

Incidence of conflict between employees in
department

Profit to sales ratios

Sales per time period

Incidence of conflict between my department
and other departments

Company’s market share

Attitude of consumer bodies to company

Cost to the company of repairs under
guarantee

Call rates on products under warranty
Wholesaler or retailer attitude to company

Product service call rate

Incidence of government body queries
regarding activities of my department

Outlets knowledge of company’s products

Results of market research surveys

Space allotted by outlets to company’s
products as compared to space allotted to
competitors products

Performance Measurement: An Overview

3.42 (1.54)
3.41 (1.56)
3.36 (1.67)
3.32 (1.29)
3.15 (1.17)
3.12 (1.52)
2.90 (1.68)
2.87 (1.50)
2.82 (1.72)
2.81 (1.43)
2.70 (1.70)
2.66 (1.65)
2.43 (1.35)
2.40 (1.67)
2.40 (1.61)
2.19 (1.47)
2.15 (1.58)
2.06 (1.53)
1.96 (1.40)
1.94 (1.31)
1.91 (1.43)
1.75 (1.18)

1.50 (1.16)

Unions

Global

Global
Employees
Employees
Product

Global
Suppliers
Global
Employees
Global

Global

Other Subunits
Competitors
Regulatory Bodies
Product
Product
Resellers
Product
Regulatory Bodies
Resellers

Competitors

Resellers

Table 4.2 Usefulness of the 42 Measures, after [87, 88]

This can be easily seen in the study that production managers care for a narrow
set of goals and focus on functionality based elements such as materials,
machines and product. The element materials have the greatest amount of
attention with three measures being represented in this group. Machines and
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product have two measures and customer and employees have one measure in
this category. The result of the research has provided a useful set of
performance measure and their utility for the department.

4.2.3 Impact of Innovation on Performance

As stated in chapter 02, innovation in product development and design has a
great impact on performance. Gary et al. [89] presents a comparison of
innovation success and failure studies according to a three dimensional
framework, i.e. generality over innovations, decision focus and managerial
controllability. Many authors compared the introduction of new industrial product
performance in the perspective of innovation and found both successes and
failures, like [90 — 97]. The authors have summarized the findings due to which
the product innovation failed or succeeded. The findings are summarized and
referenced in Table 4.3.

Product Typein Analysis Key Findings
Data base Methods
SAPPHO (Rothwell 43 parts (22 in Univariate Successes and failures are
et al.) [90], chemical analysis, different in 5 dimensions:
processes, 21 in Principal strength and characteristics of
scientific component management, marketing
instruments) of analysis, Factor  performance, understanding of
successful or analysis, Cluster customer needs, R&D
unsuccessful U.K. analysis efficiency in development, and
projects. communications.

Utterback etal. 164 project of 59 Frequency Maijor differences of
[91] European and analysis with Chi- successful  projects  from
Japanese firms in Square tests unsuccessful ones are: no

computer, consumer
electronics, textiles,
industrial chemicals,

and automotive
industries

initial difficulty in marketing,
product advantage,
competitive stimulus, project
customness, project urgency,
patent protection, and top
management’s initiative.

Cooper [92] 195 industrial Factor analysis  Identified 18 factors describing
products (102 projects.
successes and 93 Discriminant
failures) of 103 analysis Found 3 key factors for
Canadian innovative success (product
firms uniqueness/superiority, market
knowledge/ marketing
proficiency, technical/
production synergy and
proficiency), and 6
barriers/facilitators.
Calantone & 195 industrial Cluster analysis More  successful  product
Cooper [93] products (102 ANOVA, and scenarios are in order of

successes and 93

Duncan multiple

Synergistic, close to old,
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4.3

failures) of 103 range tests Innovative superior,
Canadian innovative Old simple,
firms Synergistic,

Innovative, high-tech.

Maidique & Zirger 118 product Binomial Successful innovations are:
[94] innovation in U.S. significance tests better matched with user
electronics industry  and cluster need, more effectively

analysis planned, more efficiently

developed, closer to the firm’'s
areas of expertise, and
launched earlier.

Cooper [95] 122 Canadian Factor analysis A balanced, focused
industrial firms and Correlation  (technologically
active in new analysis sophisticated, innovative, and
product innovations strongly market oriented)
strategy yields the Dbest
performance
Yoon & Lilien [96] 112 industrial Discriminant Life-cycle stages, expertise in
products of 52 analysis marketing and  marketing
innovative French efficiency are major
firms determinants of success or
failure.
Baker et al. [97] 210 (product or Discriminant Experience in production and
process projects of  analysis marketing, top management’s
21 U.S. firms in involvement, goal definition,
favor industries and R&D marketing interaction
(steel, pesticides, are common determinants of
food, and industrial success or failure.
chemicals)

LOB (Line of business)
specific  determinants are
business project fit, R&D
science / technology
interaction, project complexity,
resource  availabilty and
patent or other protection.

Table 4.3 Studies Comparing Innovation Success and Failures
Performance in Design Development

Section 4.1 presented a general view of performance measurement with respect
to business and illustrated the generic elements of performance measurement.
Now, performance measurement in design is focused in this section. Design may
be seen as a process of goal directed reasoning where there are many possible
(good or bad) solutions and although the process can be supported
methodologically, it can not be logically guaranteed [28]. The design process is
inevitably targeted to obtain certain goals with whatever path followed. So, the
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concern is to reach the goal, not the path followed. Design engineers,

themselves, and the design companies have developed various design

development procedures. The design process models were explained in chapter

02 and are referenced at [22, 15, 5, 36, 37]. A critical review of the design

process model is also presented in [101]. The literature also identifies two types

of design models;

a. Descriptive Models: These models describe how the design process is carried
out e.g., as referenced in [98, 99].

b. Prescriptive Models: These models teach or prescribe how the design
process should be carried out e.g., as referenced in [5, 35, 36, 100].

The basic design cycle can be divided into following key activities;
a. Analysis

b. Synthesis

c. Evaluation [28].

This formulation presents a basis for the performance analysis. The continuous
cycle starts with the identification of need (difference between current state and
desired state). The analysis phase is aimed at clarifying the future state and the
definition of goals. It has to be taken in view that in initial stages the information
available in design cycle is incomplete and ambiguous [98], therefore producing
initial information and goals. The synthesis step is aimed at the procedure
adopted by the designer to achieve the goals that were established in the
analysis activity. The evaluation activity involves the analysis that shows how
much the goals are attained and to what satisfaction.

4.3.1 How to Analyze Performance in Design

It was later identified in section 4.1 that there lies a great disagreement between
the definition of performance and literature. When the reference is made to
performance in design development it can be of following types;

a. Design Article Performance: The design article means the design solution and
its performance means the performance of the design solution in terms of its
inherent properties e.g., the maximum safe temperature of an article which
has to survive in a high temperature environment. This area of performance,
the values are assigned to the each property of the solution according the
customer needs in order to guide the decision making process. Therefore,
this measures how well the design solution meets the initial goals.

b. Design Activity Performance: This refers to the design solution process
performance. The resources such as engineers, software, tools etc. are
utilized over time to inculcate cost. The designer and other support is the
input for this process and the output is the product. The design cycle may be
repeated many times in order to reach the goal. The overall design
performance will be evaluated both by considering how well the product
performance is and how well the activities required to produce the product
were carried out. These areas are referred as product and process
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performance and are schematically represented in Fig. 4.4. The figure
presents a simplistic view of the relation between article performance and

activity performance.

Design
Performance

Design Article De§|gn
Activity
Performance
Performance

Figure 4.4 Constituents of Design Performance

4.3.2 Properties of Design Performance

Measuring the performance in design development is a complex activity. In other
areas e.g., manufacturing, the measuring and analysis of performance is
concerned with a measurable output. The number of manufactured products,
time consumed, cost incurred and other resources can be measured, hence
efficiency and performance can be evaluated. Brookes [102] compares the
differences between the performance measurement in design and
manufacturing. It is tabulated in Table 4.4.

Manufacturing
Operations Product Introduction
Similarity between Processes Very Similar Dissimilar
Number of times process Many times Once
performed Weeks Years
Time Lag for measuring output Directly Indirectly
Ability to measure output measurable measurable

Table 4.4 Comparison of Manufacturing and Product Introduction, after [102]
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The performance measurement in design development activity is difficult due to

following reasons;

a. Knowledge Based Activity: Design is a knowledge base activity. The inputs,
outputs and other key elements are knowledge based e.g., the input of a
design process may be a need and the output may be a concept. The value
of an idea or concept is difficult to measure.

b. Non-Repeatability: Every project differs in its nature and requirements,
therefore requiring different inputs and outputs e.g., a sugar cane crusher
design may not involve complexities as offered by the design of an Airbus.
The design cycle may repeat itself but the activities involved may be different
each time. Due to the non-repeatable nature, the definition of input, output
and goals are difficult and intangible.

c. Product Life Cycle: A product may take several years to be mature and
marketed. There is a lot of time difference between the design activity and the
customer response after the product is used by him. Therefore, one can
measure the performance after the product is marketed and used, but it is
quite difficult to measure the performance at the deign stage.

d. Influencing Factors: The factors which affect the product development
performance are not clear as discussed earlier in this chapter.

4.3.3 The Scope of Analysis for Design Performance

Design or product development is a business process and it can be analyzed to
asses the performance at many levels. It can range from assessing the
performance of the overall product development cycle to the performance of a
small design activity in the project. Therefore it is essential to define the range
and level of the performance measurement program for the product development
process. Range refers to the number of projects involved in the process and level
refers to the depth of analysis in each project to a single activity level. It is
extremely important to define the scope of the analysis at the initial stage so that
the meanings of the performance indicators can be understood within the context
of the whole organization. The concept is diagrammatically represented in Fig.
4.5.

According to Hales [103], a resolution of five levels allows the context of a design
project to be completely identified. At the organizational level the performance
measurement is related to the overall business area, whereas an area manager
may only assess the performance of his area. The performance of different
projects can be measured and analyzed to obtain a holistic view of the overall
business performance. Cooper [104], has found that the performance analysis is
generally bases on the success criteria i.e. how well the product has performed
to achieve the major concerns of business such as market share and customer
satisfaction. The lower level performance is generally related to the
measurement of time and cost analysis.
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Figure 4.5 Scope of Analysis for Design Performance

4.3.4 Coherence and Goal Alignment

Performance Measurement: An Overview

It was discussed in section 4.3.1 that design activity has to be assessed for
performance in two areas, namely design article performance and design activity
performance. These two distinct activities have their own definition of inputs,
outputs and goals. These goals are required to be aligned to maintain the
coherence. The concept of coherence was described earlier in 4.1.6. The
alignment of goals in this respect is of two types;

a. Alignment within goals
b. Alignment across goals

This concept is illustrated here with the help of Fig. 4.6.

Product Development Program

T Project A Project B

) Goal 1 : Increase Sales Margin Goal 2 : Develop successful Product
A'{/%’.‘trr:‘.e"t Goal 1.1 : Reduce Activity Cost Goal 2.1 : Customer Satisfaction

G(')allg Goal 1.1.1: Reduce Rework Goal 2.1.1: Provide Required Functions

¢ Goal n Goal n

Alignment

«—

Across

R —_—

Goals

Figure 4.6 Alignment of Goals
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The figure illustrates that a company is running two projects within a single
product development program. The strategic goal of the company may be to
increase the sales margin up to 10% on a specific product. This goal can be
achieved through the reduction of activity cost, which can be reduced through
reduction in rework. There is a need of alignment within these three goals as they
are related in terms of sales, cost and rework. Similarly more specified goals are
obtained through structure breakdown. The definition of these goals and their
alignment to obtain a single specific goal is extremely important in order to
measure performance and to maintain alignment within goals.

Similarly, the other project may have a strategic goal to develop a successful
product. This can be obtained through customer satisfaction which in term can be
obtained through providing the required functions as specified by the customer.
Again the alignment within the goal of this project is also necessary, whereas, the
alignment of goals across the Project A and Project B is similarly important.

The alignment of goals is requires to manage conflicting goals so that the
performance can be measured correctly. The goal of an enterprise can be to
minimize cost. When cost is minimized, the quality and therefore the customer
satisfaction level will ultimately decrease which is definitely against the mission of
the enterprise. Therefore, there should be compromise in theses goals as to what
extent each goal has to be achieved so that the performance parameters may be
defined accordingly.

Coherence within and across the goals is an extremely important element of
performance measurement. When the goals within a project and in the whole
organization are properly aligned and managed, coherence in the performance
measurement may be achieved.

4.3.5 Benchmarking Performance

According to [59, 79], benchmarking is defined as “a continuous, systematic
process for comparing performances of organizations or functions or processes
against the "best in the world", aiming to not only match those performance
levels, but to exceed them".

The following are questions relating to the benchmarking exercise:
a. Benchmarking What
i. Performance bench marking
ii. Process benchmarking
iii.  Strategic benchmarking

b. Who benchmarks:

i.  Internal benchmarking
i. Competitive benchmarking
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iii.  Generic (or functional) benchmarking

There are certain steps which must be performed, in the correct sequence, in the
benchmarking process. These are:
a. Planning
i. Identify what is to be benchmarked.
ii. Identify comparative companies.
iii. Determine data collection method.

b. Analysis
i. Determine performance gap
ii. Project future performance level

o

Integration
i.  Communicate findings and gain acceptance
i.  Establish function goals

d. Action
i. Develop action plans
i. Implement action and monitor progress
iii. Recalibrate bench marks

o

Maturity
i. Leadership position attained
ii. Practices fully integrated into processes

The following approach may be adopted to implement benchmarking procedure
in product development process;

Determine Product Development goal breakdown structure

Define performance goal breakdown structure

|dentify scope of analysis

Develop appropriate metrics

Conduct analysis and measurement

Identify key areas for further improvement [6, 59].

~PQo0 O
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Chapter 5

METHODS FOR PERFORMANCE MEASUREMENT IN DESIGN DEVELOPMENT

5.1

Introduction

The intangible nature of performance measurement in design development was
revealed in the previous chapters. In this chapter, the models of performance
measurement in product development and their critique is presented in a
condensed form. These state of the art models are selected from the vast
amount of literature present on the topic and they are being applied widely in
Western countries and being talked about in the literature. This chapter forms the
basis for the further work in the thesis and the test model which will be applied to
the industry is taken form here. Before going to introduce the models, it seems
necessary that a general overview of the research in performance should be
given.

5.1.1 Trends in Performance Measurement Research

In literature, the general performance measurement approaches can be found
more easily. Design performance is a topic that is not found more often. Some of
the work is generic in terms of general business performance measurement and
other addresses more specific parts such as product development,
manufacturing, logistics etc. The type of research also varies i.e. it may include
the approaches to the performance measurement of design development,
implementation of the approaches, the development of theoretical models etc.

According to Neely [49], 3615 articles were published in the area of performance
measurement during the years 1994 — 1996. This shows the amount of interest in
the field of performance measurement. It is also identified that performance in
product design is relatively undeveloped as compared to the areas such as
manufacturing and maintenance [102]. According to Skinner [112];

“A major cause of companies getting into trouble with manufacturing is the
tendency for much management to accept simplistic notions in evaluating
performance of their manufacturing facilities the general tendency in many
companies to evaluate manufacturing primarily on the basis of cost and
efficiency. There are many more criteria to judge performance”.

The measurement of performance present certain difficulties and they are
identified in previous chapters and are also supported in [102, 105, 106]. This
originates from the intangible nature of inputs and outputs data involved in the
design activities e.g. knowledge, market influence, design quality etc.
Management accounting was the only way to measure business performance till
1970s. Then its decline started as the only way of measuring performance and
the interest was inclined towards measuring the more intangible performance
measures [77, 83, 107, 108]. According to Johnson & Kaplan [108] traditional
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accounting methods are unsuited to organizations where the product life cycle is
short and research and development assume increased performance.

Globerson [138] presented the rules and guidelines for the design of a general

performance measurement system to support the overall strategy of the

enterprise. The outlines of the guidelines are as follows;

a. Performance criteria must be chosen from the company’s objectives;

b. Performance criteria must make possible the comparison of the organizations
that are in the same business;

c. The purpose of each performance criteria must be clear;

d. Data collection and methods of calculating the performance criterion must be
clearly defined;

e. Ratio based performance criteria are preferred to absolute numbers;

f. Performance criteria should be under the control of the evaluated
organizational unit;

g. Performance criteria should be selected through discussions with the people
involved (Customers, Employees, and Managers); and

h. Objective performance criteria are preferable to subjective ones.

Similarly, Maskell [139] defines the seven principles of the design of generalized
system based performance measurement approach;

a. The measures should be directly related to the firms manufacturing strategy.
b. Non-financial measures should be adopted;

c. It should be recognized that measures vary between locations — one measure
is not suitable for all departments or sites;

It should be acknowledged that measures change as circumstances do;

The measures should be simple and easy to use;

The measures should provide fast feedback; and

The measures should be designed so that they stimulate continuous
improvement rather than simply monitor.

@~oa

Most of the performance research was targeted to measure the performance of
the organizations in order to identify the generic relationships with the help of
historical data. Statistical tools were heavily used to analyze the data for the
conclusion.

Clark and Fujimoto [66] compared the product development performance of the
auto mobile industry in Europe, Japan and the US. The research was based on
the past results of 29 development projects in 20 car manufacturing industries.
The points of particular interest were;

a. Lead time;

b. Productivity; and

c. Effectiveness/Quality.
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The research was aimed as a specific manufacturing sector and their
management approaches. The key areas which provided outcome were;

a. Project strategy;

b. Manufacturing capability;

c. Integrated problem solving; and

d. Organizations and leadership.

The research specified the above mentioned four elements were necessary to
achieve high levels of product development performance. However, the authors
did not design the four elements into a measurement system and therefore, not
described a model or methodology to identify factors influencing the
performance. The research was based heavily on the collected data, which, the
authors had specified, was rarely available and the research was time consuming
and costly (the reference research took approximately 5 years).

Another research selected here was performed by Loch et al. [139] which
presented an analysis of the electronics industry. The study involved 95
companies in Europe, Japan and the US. The aim of the authors was to combine
firm and project level use of performance and distinguish between performance
in the development process, performance of the output of the process and
eventual business success. The authors also suggest that process performance
influences output performance through the operational management of the
development projects. The aim was to develop casual relationships between the
development process performance, development output performance and the
overall business success while keeping in view that additional areas such as the
performance of manufacturing and marketing / sales also influence business
success. A schematic representation of the research is presented in Fig. 5.1.

The analysis provides identification of relationships which are statistically
significant for the analysis of casual links from product development to business
success. However, there were no process variables with significant relationships
with the output measures “new product productivity” and “design quality”. It was
suggested that these measures will be developed by assessing the qualifications
of the designers. It should also be noted that the development productivity is a
very important driver of business success.

Griffin [140] analyses the impact of engineering design tools on efficiency and
effectiveness using data from the Product Development and Management
Association’s (PDMA) 1995 best practices in product development survey. The
data was collected from 383 respondents of a detailed questionnaire.
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Manufacturing Mktg./Sales
Performance Performance

Business
Success

Development
Process
Performance

Development
Output
Performance

28 Process 12 Development 12 Development
Management Output Output
Variables Variables Variables

Figure 5.1 Framework of Development Performance, after [139]

This study shows that there is a lack of consistency in this type of research in
terms of the elements studied and hence a unified conclusion cannot be drawn
from here. Moreover, the validity of certain parameters is also questionable and
some bias is also observed in this type of research.

5.1.2 Research Trends in Design Activity Performance Models

Significant literature review on design activity modeling was presented in Chapter

02. This area has gained a large interest during last 30 — 35 years, including the

development of prescriptive and descriptive models [109, 110]. Following

different kinds of models were developed due to different view points in the

design process model research;

a. Prescriptive Models describing activities in design and their logical sequence
[29, 36, 111];

b. Models describing cognitive nature of design [98]; and

c. Models relating design within an overall model of product development.

All authors have tried to develop such a model which helps in understanding the
design process, so that the performance may be improved. As discussed earlier,
design performance relates to design article performance and design activity
performance i.e. the activities required to produce that design. Therefore, design
and design activity goals are referred in performance measurement and these
two areas should be distinguished from each other in the performance
measurement system. The goals of the two entities of design performance differ
in the following way;

a. Design Goals: Aspects of designed product such as dimensions, behavior in

the expected environment, factor of safety etc.

75



Chapter 5 Methods for Performance Measurement in Design Development

b. Design Activity Goals: Aspects of the design activity that how it was
performed, cost incurred and time taken.

Andreasen [30, 39] and Hales [103] provide information related to design
development in the business context. Andreasen describes the importance of the
need for the greater efficiency in product development. The Integrated Product
Development Model (IPDM) after [30] supports the integration of procedures,
aims, methods, and attitudes to provide a more coherent approach to product
development as compared to those that are implemented in the function oriented
organizations with schematic procedures.

Smithers’ [98] model describes the design process as knowledge based
exploration activity. The model proposed does not present a solution to manage
the design activity. French [15] has the viewpoint that the evaluation of the
design process is necessary at every stage but again does not present the
reference to measure the goals related to design product development and
design process.

Blessing [110] also identifies the process of evaluation during the design process
but management of the activities is out of the scope of the research. Similarly,
Hales [103] also identifies the need to address aspects of design and the process
in managing the design project but again the coherence between the design
article and design activity performance measurement is not clear.

The need for coherence between and within goals is also supported by literature
as referenced in [12, 61, 83 — 85, 113 — 115]. Martin [115] follows the work of
Dixon [83] as he presents the Performance Measurement Questionnaire (PMQ).
De Hass [84] focuses on the behavior of individuals in the organization but does
not address coherence. Neely [12] focuses on the product development
procedures but the paper doesn’t suggest any measurement to include
coherence.

From the review of design performance models presented above, it is clear that
there is a reasonable consensus on the activities that are performed during that
design process. This statement was also justified and supported in the
discussion during Chapter 02. The literature has also an agreement on the type
of activities and their solution and the evaluation of output. One of the key
weaknesses of the performance measurement system used by many firms is that
they have a uni-dimensional focus. The frameworks which presents the solution
of this problem only provide some areas in which performance measurement
might be useful but do not provide any insight to identification, introduction and
usage of these measures for the management of business. A key concern is to
develop a general understanding of a framework and the easiness of the
implementation of the proposed system.
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5.2

In the next sections, an effort will be made to present, analyze, and review the
major performance measurement systems related to design process. The section
will also present models which do not directly address the area of performance
measurement in product development, but can be redesigned to suit the nature
of work in design. The critique of the performance measurement approaches will
be taken form the literature and the author’s point of view will also be added. It
should be kept in mind that the Pakistani industry is generally a manufacturing
concern for the foreign designs. The performance measurement system, where
exists, measures the performance of the human resource. The companies having
the performance measurement system in their business processes have not
addressed the importance of differentiating the significance of performance
measurement in product development. A sample approach will be taken from this
section for implementation in the manufacturing sector.

Activity Based Costing

Activity-Based Costing (ABC) is a costing model that identifies activities in an
organization and assigns the cost of each activity resource to all products and
services according to the actual consumption by each. It assigns more indirect
costs into direct costs [116]. This approach helps in organizations to establish the
true cost of its products, eliminate the unprofitable products, identify the profit
winners and manage the cost centers. ABC is a traditional performance
measurement system. This approach has been used to support the decisions of
in-house manufacturing, vendor out sourcing, identification of major cost centers,
their management, measurement of the profit of the product and the business
improvement possibilities.

The concepts of ABC were developed in the U.S. during 1970s and 1980s.
Cooper, Kaplan and Bruns refined these concepts in Harvard Business review.
The traditional cost accounting was used to arbitrarily add a percentage of
indirect costs to direct costs for justification of the project spending. As the
percentages of indirect cost were increased by a huge amount this approach
became invalid.

The methodology steps of ABC can be summarized as follows;
Identification of cost centers

Cost allocation to product

Determination of fixed cost

Determination of variable cost

Identification of cost drivers

Calculation of cost driver rate

~PQo0 T

The phenomenon of attaching the indirect cost to the products become difficult
when there are many products coming out of the same manufacturing system.
Products use common resources differently and a mechanism for the weightage
of cost allocation process is required so that the performance measurement
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5.3

system can be impartial towards the cost centers and cost drivers. The measure
of the use of the said activity by each of the product is known as the cost driver.

In the perspective of performance measurement, ABC can be utilized as a cost
based system. The cost of the resources can be calculated and the profit
generated can be viewed as the output. This can generate a cost based
performance of the system. Similar approach can be applied to the design and
product development process such that to identify the resources and to evaluate
the out come.

The limitations of ABC are specially encountered in the product development
scenario. The cost impact of the resources can be calculated as the resources
can be easily identified. The calculation of the earned value of a certain design or
a design activity outcome is unclear and no support in this regard is present in
the literature.

The ABC system cannot present any approach to justify the performance
measures. This has been a great concern of the research to identify the
performance measures. Similar approaches in the literature are also found.
Some of them are;

a. Through put counting [117 — 120];

b. Shareholder value analysis [121];

c. Brand evaluation[122, 123]; and

d. Research studies exploring the needs of managers [124, 125].

Performance Measurement Matrix (PMM)

The performance measurement matrix follows the concept of ABC in adopting
the financial measures as performance criteria. The overheads are integrated
here into the cost elements. The concept of PMM is illustrated through Fig. 5.2.
Following types of cost are addressed in the PMM.

a. External Non-cost;

b. External Cost;

c. Internal Non-cost; and

d. Internal Cost.

The Strength of the PMM is in the way that it interprets the different classes of
business performance. The model, however does not answer that how the
internal or external elements are interlinked. Moreover, the links between the
business elements are not coherently adopted in this model. The main criticism
on this model is related to the performance measures i.e. the measures are not
clearly defined and generated in accordance with the business process and no
methodology for identifying these measures is integrated.
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Non-cost Cost
= o Nos. repeat buyers o Competitive cost
GE, e Nos. customer position
= complaints * Relative R&D
w o Market share e Expenditure

e Design cycle time

e Percent on-time
delivery

e Nos. new products

o /

Figure 5.2 The Performance Measurement Matrix, after [126]

e Design cost
o Material cost
o Manufacturing cost

Internal

With reference to the performance measurement in product development, the
model can be adopted to measure the performance in an easy way as it is clearly
defined. The internal non-cost measures such as design cycle time, percent on
time delivery etc. can be adopted as performance measures in this regard. This
model also presents the cost measures such as relative R&D expenditure,
design cost, material cost etc. as the model clearly defines the internal and
external cost and non-cost measures itself, the author suggest that more
performance measures cannot be defined in the PMM. This presents another
difficulty while applying the PMM to the product development area. However, one
can use the concept and apply the PMM in the performance measurement of
product development as deemed necessary. Separate research programs will be
required for the separate projects each time and hence a generalized PMM
cannot be developed. Moreover the matrices not well packaged and does not
make explicit links between the different dimensions of performance and the
input and output of the development process.

Results and Determinants Framework (RDF)

RDF is presented as an alternative for the PMM as a result of the above
mentioned criticism. It was developed by Fitzgerald et al. [127] as a result of their
study of performance measurement in the service sector. This model suggests
that there are two basic types of performance measures in any organization or
any process and they are as follows.

a. Measures relating to results

i. Competitiveness
i Financial Performance
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b. Measure relating to Determinants of Result
i.  Quality

i.  Flexibility

iii.  Resource Utilization

iv.  Innovation

A schematic representation of the RDF is presented in Fig. 5.3. This model is
based on the fact that the results achieved in any business process is
determined by some factors which are named here as the determinants. The
results are lagging performance indicators whereas determinants are leading
performance indicators. This concept suggests that the success in any process is
determined by the leading indicators giving the result in the form of lagging
indicators.

Financial performance

Results

(Lagging Indicators)  Competitiveness
Quality
Flexibility

Determinants
(Leading Indicators)  Resource

Innovation

Figure 5.3 The Results and Determinants Framework, after [127]

The model has defined the determinants of the results in a clear way, hence
overcoming the criticism of PMM. The financial performance will again be
measured by a method such as ABC, again facing the criticism of the process.
Moreover the factors such as competitiveness, flexibility and innovation are
knowledge based and proper quantification mechanism of the indicators is not
defined in the model. This leaves the measurement and management of the
indicators on the user base resulting in vastly different opinions. This model is
completely suitable for product development and can be used in any design
process. Again, the designer or the process manager must ensure the complete
and proper measurement mechanism of the indicators, failing to which will result
in miss leading information. The RDF was the first model that targeted on the
measurement indicators.

Models for Time-Based Competition

Some authors and organizations have attempted to be even more prescriptive by
proposing very detailed and specific measurement framework as one presented
by Fitzgerald. Meanwhile, the organizations are also facing time based
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competition in the product development area, enforcing the research interest
towards the development of measures for time based competition. The measures
for time based competition presented by Azzone et al. [128] is a typical example
in this regard. These measures focus on the organizations that have chosen a
time based competition strategy. The strategy defines three types of time
measures in the competitive environment;

a. R&D Engineering Time

b. Operations through-put Time

c. Sales and Marketing Order Processing Lead Time.

incipal concept is elaborated in Table 5.1.

Internal Configuration External Configuration

R&D engineering time Number of changes in projects Developmenttime for new products.

Delta average time between two
subsequent innovations

Operations through-put Adherence to due dates Incoming Outgoing quality

time

Sales
order
time

quality Distance traveled Manufacturing cost
Value-added time (as a

percentage of total time)

Schedule attainment

and marketing Complexity of procedures Size of Cycle time
processing lead batches of information Bid time

Table 5.1 Measures for Time-based Competition, after [128]

The Institute of Chartered Accountants of Scotland (ICAS) [129] has also
developed such a framework in which the performance measures are identified in
the following perspectives.

a. Business Planning

b. Monitoring Operations.

Similarly, the Du Pont Powder Companies Pyramid of Financial Ratios [130] also
addresses the financial and non-financial performance measures. The Du Pont
Pyramid of Financial ratios is shown in Fig 5.4. It is accredited that

“In 1903, three Du Pont Cousins consolidated their small enterprises with
many other small single unit family firms. They then completely re-
organized the American Explosive Industry and installed an
organizational structure that incorporated the “Best Practice” of the day.
The highly rational managers at Du Pont continued to perfect these
techniques, so that by 1910 that company was employing nearly all the
basic methods that are currently used in managing big business”.

It can be easily seen that ICAS and Du Pont contributed significantly towards
defining the financial and non-financial performance measures and indicators.
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Especially the Du Pont Pyramid presents a very comprehensive insight towards
the financial perspective of the performance measurement. The concept
presented by ICAS and Du Pont can successfully be integrated in the RDF for
better understanding and precise results. However, the Du Pont approach
presents certain difficulties while integrating towards product development as it
contains more financial measures and do not address the knowledge base
nature of the design process. The model of Azzone et al. is substantially
adequate and promising towards the measurement of product development
performance when compared to Du Pont Pyramid.

Income-sales
percentage

% Return on
Investment

Sales-
investment ratio

Net profit on
sales (% of)

Net sales less

FACTORY COST OF
SALES

T Net sales

Total cost of
sales

SELLING EXPENSE

PARTS EXPENSE

%

Other income

ADMINISTRATIVE
EXPENSE

PROVISION FOR BAD
DEBIT

Miscellaneous
income plus

MISCELLANEOUS

Net sales

Other items

UNABSORBED BURDEN

Net sales on
annual basis

EXTRAORDINARY
CHARGES

Working capital
plus

CASH

DRAFT AND
RECEIVABLES

Total
investment

INVENTORIES

MISCELLANEOUS

Permanent
investment

PLANT AND EQUIPMENT

DEFERRED EXPENSES

INVESTMENTS IN
OTHER COMPANIES

Figure 5.4 Du Pont Pyramid of Financial Ratios, after [130]
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Inputs, Process, Outputs, Outcomes (IPOO) Model

This model was presented by Brown [131] and is schematically shown in Fig 5.5.
This is a horizontal type of model which encourages the executives to pay
attention to the horizontal flows of materials and information. The model
significantly differentiates between input, process, outputs, and outcomes and
declares these as four performance measurement parameters. The analogy of
backing a cake is used to explain its model. In this regard input measures would
be concerned with volume of flour, quality of eggs etc, process measures will be
the oven temperature and backing time, the output measures will be concerned
with the quality of cake and the outcome measures will be concerned with the
satisfaction of the customers.

This is a conceptually appealing and clarifying model which differentiates
between the four performances parameters to obtain a predefined goal and
consequently defining the further measures included in the four categories. It
should be noted that the previous emphasis on the financial aspects of the
product is not clearly visible here. The model can be successfully applied to a
product development process just by simple modifications. Again, the model
does not address the quantification of the knowledge parameters such as
“Design of products and services”. The model falls at one extreme of process
focused frameworks, completely eliminating the hierarchical aspect.

Processing

Input System Outputs Outcomes Goal
Skilled,
motivated Design of
happy roduct and
employees prodf Products .
services Delighted
Customer . Services customers Repeat
) Production of :
requirements , Business
products . . Customer’s
Financial
need met
Raw . results
) Delivery of
materials -
services
Capital
Input Process Output Outcomes
measures measures measures measures

Figure 5.5 Input, Processes, Outputs, Outcomes Model, after [131]
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Performance Pyramid

This is a popular performance measurement model developed by Lynch and
Cross [132]. The model is schematically shown in Fig. 5.6. As the name
suggests, the model is a pyramid falling in the middle of hierarchical and
horizontal performance measurement models. It ties together the hierarchical
view of performance measurement with the process view. It also makes explicit
the different between measures that are of interest to external customer’s
satisfaction, quality and delivery, and measures that are primarily of interest
within the process, namely, productivity, cycle time and waste.

The model derives the performance measures from the vision of the enterprise,
dividing into market and financial measures. The pyramid then grows towards the
base to define each of the influencing factors of the performance measurement.
The idea can successfully be applied to the performance measurement in design
development with emphasis on marketing and financial aspects, thereby
controlling the quality, delivery, cycle time and waste. However, the model has
overlooked the importance of resource base in the design development process
which is a key element in this area and defines the nature of output for a subject
product. Moreover, the mechanism of interlink and measurement between the
measures is not adequately defined. The model is just a presentation of idea and
cannot be applied efficiently to achieve tangible results.

Vision

Market Financial

Customer | Flexibility | Productivity
satisfaction

Quality Delivery Cycle time waste

Figure 5.6 Performance Pyramid, after [132]
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5.8

5.9

Performance Measurement Questionnaire (PMQ) Approach

This approach, presented by Dixon [83], aims at aligning strategy, actions and
measures. The questionnaire contains a list of improvement areas. Such as new
product introduction and customer satisfaction, and performance factors, such as
unit labor costs and meeting project mile stones.

The questionnaire is circulated in the firm and the respondents are asked to rate
the importance of an improvement area in relation to the long term existence of
the company, as compared to support being provided by current measures. The
analysis is then carried out through comparing the perceive importance given to
the factors by the company as compared to the importance currently being given
for the same measurement factor. The outcomes of the data analysis are as
follows;

a. Alignment; it is analyzed by comparing the importance of improvement areas
and emphasis on particular measures with the strategy of the company.

b. Congruence; it is analyzed by comparing the importance of improvement
areas to the support of measures and comparing the importance of
performance factors to the emphasis on measuring it.

c. Consensus; it is measured by comparing results across different functions
and level in the organization.

d. Confusion; it is analyzed by the detailed analysis of consensus within a
particular book

The author suggests that the degree of alignment between the improvement
areas and the strategy is not clear from the answers of the questionnaire and the
alignment is carried out in a subjective manner. The approach does not allow the
improvement measures to be rated in terms of how well they support the strategy
or any particular area for that matter. Moreover, the analysis of congruence,
consensus and confusion is of limited value if the improvement measures do not
support the strategy.

The Business Excellence Model

This is another wide range popular measurement framework presented by
European Foundation for Quality (EFQ) and outlined in Fig. 5.7. The model
consists of two distinct sub sets of performance factors.

a. Enablers; and

b. Results.

The underlining principle of the model is that the enablers are the levers that the
management can pull to deliver future results. The model is also used for the
assessment of organizations for the European Quality Award. It is now the most
widely used organizational framework in Europe and it has become the basis for
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majority of national and regional quality awards. The model is a practical tool

that can be used in a number of different ways.

P00 T

As a tool for Self-Assessment;

As a way to Benchmark with other organizations;

As a guide to identify areas for improvement;

As the basis for a common Vocabulary and a way of thinking; and
As a structure for the organization's management system.

The governing body states that;

"Excellent results with respect to Performance, Customers, People and
Society are achieved through Leadership driving Policy and Strategy,
which is delivered through people, Partnerships and Resources and

Processes”.

ENABLERS———>» RESULTS——>»
People
People Results

. Key

Leadership Policy & Processes Customer Performance

Strategy Results
Results

Partnerships & Society
Resources Results

INNOVATION AND LEARNING

v

Figure 5.7 The Business Excellence Model

To obtain the award, the organization has to provide proper evidence that the
processes;
a. Which are key to the success of the business are identified?

b
c
d.
e

. Are systematically managed?
. Are reviewed and targets are set for improvement?

Are improved using innovation and creativity?

. Are changed and the benefits evaluated?

The terms used in the model are so wide that they can be interpreted in many
ways and hence one has to decide the performance measures himself for a
certain process. This presents a major difficulty in the implementation of the
model.

Keegan et al. [134] suggests that the process of deciding what to measure
consists of following three steps;

a.
b.
C.

Looking into the strategy;
Deriving an appropriate set of measures; and
Operationalization of the process.
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The first and third steps are difficult in practice and self explanatory. For the
second step it is suggested that the best approach is to start with five generic
measures namely;

a. Quality;

b. Customer Satisfaction;

c. Speed;

d. Product/ Service Cost Reduction; and

e. Cash Flow from Operation.

It is then suggested that the rest of the measures should be derived ensuring that
they are;

a. Integrated, both hierarchically and across the business functions; and

b. Based on a thorough understanding of the organizations cost drivers.

However, the implementation process is not suggested in the approach. Wisner
and Fawcett [135] proposed a nine step process for the same purpose that
assumes that measures should be derived from strategy and suggests that the
measurement system should be periodically refreshed. The nine steps are
schematically shown in Fig. 5.8.

A

Clearly define the firm’s mission statement.

v

Identify the firm’s strategic objectives using the emission statement as a guide

Develop an understanding of each functional area’s role in achieving the various
strategic objectives.

For each functional area, develop global performance measures capable of
defining the firm’s overall competitive position to top management

Communicate strategic objectives an performance goals to lower levels in the
organization. Establish more specific performance criteria at each level.
Assure consistency with strategic objectives among the performance criteria
used at each level.

Assure the compatibility of performance measures used in all functional areas.

v

Use the performance measurement system to identify competitive position,
locate problem areas, assist the firm in updating strategic objectives and making
tactical decisions to achieve these objectives and supply feedback after the
decisions are implemented.

v

Periodically re-evaluate the appropriateness of the established performance
measurement system in view of the current competitive environment.

Figure 5.8 Defining the Performance Measures, after [135]
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5.10 The Balanced Scorecard (BSC) Approach

The balance scorecard [76] is becoming one of the most widely used
performance measurement and management model in the industry. The BSC
aims at achieving strategic alignment as the authors state that;

“Translates vision into a clear set of objectives which are then further
translated into system of performance measurement that effectively
communicate a powerful and forward looking strategic focus to the entire
organization”,

The approach is defined in Table 5.2

1. Preparation:
Identify the business unit for which a top-level balanced scorecard is
appropriate.

2. Interviews — first round:

Process facilitator interviews all the firm’s senior managers and asks
them to identify the company’s strategic objectives and possible
performance measures for the scorecard.

3. Executive workshop- first round:

Senior management group debate the proposed mission and
strategy statements until they reach a consensus. The process
facilitator then asks the senior managers to answer the following
questions: “If | succeed with my vision and strategy, how will my
performance differ for shareholders; for customers; for internal
business processes; for my ability to innovate, grow and improve?” A
draft balanced scorecard is developed on the back of this.

4. Interviews — second round:

Process facilitator summarizes the output from the first executive
workshop and discusses it with each senior manager. The facilitator
also seeks opinions about issues involved in implementation.

5. Executive workshop — second round:

Larger workshop at which the senior manages and their direct
reports debate the mission and strategy statements. “the
participants, working in groups, comment on the proposed
measures, link the various change programs under way to the
measures, and start to develop an implementation plan”. Stretch
targets are also formulated for each measure.
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6. Executive workshop — third round

“The senior executive team meets to come to a final consensus on
the vision, objectives, and measurements developed in the first two
workshops; to develop stretch targets for each measure on the
scorecard; and to identify preliminary action programs to achieve the
targets. The team must agree on an implementation program,
including communication of the scorecard to employees, integrating
the scorecard into a management philosophy, and developing an
information system to support the scorecard”.

7. Implementation:

New implementation team formulates detailed implementation plan.
This covers issues such as: how the measures can be linked to
database and information systems; how the scorecard can be
communicated throughout the organization; and how a second level
set of metrics will be developed.

8. Periodic reviews:

Each quarter or month, a book of information on the balanced
scorecard measures is prepared for both top management review
and discussion with managers of decentralized divisions and
departments. The balanced scorecard metrics are revisited annually
as part of the strategic planning, goal setting, and resource allocation
processes.

Table 5.2 Designing a Balanced Scorecard, after [76]

The four uses of the scorecard are as follows;
a. The Financial Perspective;

b. The Customer Perspective;

c. The Internal Business Perspective; and

d. The learning and Growth Perspective.

The proposal of the scorecard was a result of the wide criticism of using purely
financial or operational measures [80, 107, 137]. The authors outlined measures
illustrating balance between;

a. Analyzing the Achievement of Short and Long Term Objectives;

b. Financial and Non-financial Measures;

c. Lagging and Leading Indicators; and

d. External and Internal Performance Perspectives.
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The process identifies the means to link measures to strategy and proposes

following mechanisms to achieve the strategic alignment.

a. Cause and Effect Relationship, Represented as a set of hypotheses.

b. Performance Drivers; A combination of Lagging measures and Leading
measures (outcomes and drivers). The lagging measures will evaluate the
result of performing in relation to the leading measures.

c. Linkage to Financials; Casual path from all measures on a scorecard are
linked to financial objectives, again promoting a cause and effect culture.

Although the BSC is a comprehensive performance measurement and

management tool following criticism in the literature is observed for the same.

a. The three interlinking measures defined above are dependant on the ability of
performing a cause and effect analysis and provides no structural approach to
define the analysis.

b. It does not quantify the relationship and the fact that a number of causes may
have same effect on the performance and hence does not support the
prioritization of the causes so that the outcome can be significantly
addressed.

c. The suggestion that casual path for all the measures on a scorecard should
be linked to financial objectives is difficult in the business environment where
intangible assets continue to increase. If financial goals are supreme, the
innovation and creativity and hence the customer satisfaction may suffer.

Kaplan and Norton found that companies are using Balance Scorecard to:

Drive Strategy Execution;

Clarify Strategy and make Strategy Operational;

Identify and Align Strategic Initiatives;

Link Budget with Strategy;

Align the Organization with Strategy;

Conduct Periodic Strategic Performance reviews to Learn and Improve
Strategy.

-0 Q0T

The BSC approach can be used to ensure balance in the selection and use of
performance measurement in the overall business. However, the scorecard does
not have a mechanism to ensure coherence within the performance
measurement, which is the basic requirement of the design development process
as outlined in the previous chapters. The support and research provided by other
authors provide some insight to the requirement of coherence and the
mechanism for the integration of this requirement in to the scorecard. As this
approach is a question and process based approach, user may get different
results on the basis of the answers of the questions.
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5.11 The PERFORM Approach

This methodology was developed by O’Donnell F.J. [13]. The approach will be
summarized in this section and the details of the approach will be presented in
the upcoming sections where the methodology is applied.

This methodology was developed from the understanding of the design
performance phenomenon. Formalism for design development performance
provides the basis for modeling performance in any situation and deriving
measures for its evaluation. After the development of initial model, PERFORM
approach provides a means to identify areas for performance improvement. The
methodology is cyclic in nature and is presented in Fig. 5.9. The key elements of
the methodology are as follows;

a. Design Development Performance Formalism: This formalism provides an
approach a modeling performance in design development so that the
measurement and management of the performance can be easily done. A
fundamental nature of the performance design development is kept in view
while developing the formalism.

b. Resource Impact Model: Two areas of influence, namely, effectiveness and
the impact of resources are selected for analysis. The nature of there
influence is analyzed the resource impact model explores the nature and
impact of the resources on the design development process. Furthermore,
elements such as Potential / Actual Exploitation and Ease of Exploitation are
also developed as a part of the framework.

c. Analysis Approach (PERFORM): The analysis approach combines the two
elements as defined above and uses a matrix to allow the limitation of
relationships between resources and goals. The result of the analysis allows
the identification of resources that may be exploited further to achieve
greatest performance improvement.

The overall methodology provides a satisfactory means to develop a
performance measurement and improvement tool for the design development
process in an organization. In the coming sections, a summary of each of the
above elements is provided for the initial understanding of the model, while more
insight to the model can be observed in the appendices as indicated above.

5.11.1 A Formalism for Design Development Performance

An understanding of the design development process in this formalism is
developed. The fundamental understanding of the design development process
encapsulates following elements;

a. Design Activity Management (DAM) Model: The knowledge based capability
of the design and its intangible nature is modeled here and the design
management activities are distinguished.

b. Design Performance (E?) Model: Efficiency and effectiveness are identified as
the core elements of the design development process and its performance.
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The concept of efficiency and effectiveness is clearly defined keeping in view
the knowledge based and intangible nature of design.

c. Performance Measurement and Management (PMM) Model: This model
integrates the two concepts described above. The E? model is related to the
DAM model in order to describe the process of measuring and managing
performance as part of design and design management activities.

Measures and values of
efficiency and effectiveness ‘

Specification

Assessment

(A,
e " .
N(Ag Analysis

A
>
<
\4

Presentation

Review

Areas of improvement
Efficiency and Effectiveness

Figure 5.9 A Methodology for Design Performance Modeling and Analysis

The process of design is considered as a knowledge transformation act to
change input to an output under the direction of certain constraints and goals
using specifically defined resources. This concept is illustrated in Fig. 5.10
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Figure 5.10 Design: Knowledge Processing Activity

Where;

I = Knowledge input:  Knowledge present prior to the activity

@) = Knowledge output: Knowledge present as a result of activity
technique place

G = Knowledge goals: Knowledge that directs and constraints the
activity

R = Resources: Knowledge that acts on the input to produce
the output.

The DAM model distinguishes the pure design activities and the activities that are
followed to manage the design process. The overall model therefore,
distinguishes between the design activity and the design management activity.
This concept is shown in Fig. 5.11

The design performance is defined in the E? model as efficiency and
effectiveness where efficiency relates input, output and resources knowledge
within the activity and effectiveness describes the relationship between the actual
and intended output knowledge i.e. output of the goal. The E* model is shown in
Fig. 5.12.

The definition of efficiency and effectiveness provides a basis for the
determination of appropriate matrices in order to measure and evaluate the
design performance. The PMM model is developed with the mutual
understanding of the E2 model and the DAM model. This model describes the
use of efficiency and effectiveness to support decision making and control
(represented as dashed lines) of design and design management activities under
changing conditions. This concept is shown in Fig. 5.13
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Figure 5.13 Performance Measurement and Management (PMM) Model

The overall concept is presented here through three models describing the
nature of performance in design development and formulating the concepts to
the respective models. The models are then used to identify the areas in which
analysis is required to be carried out. The basic concept is emerging from the
knowledge based design process activity as shown in Fig. 5.10.

5.11.2 Performance Analysis

It has been made clear in the above discussion that the performance of the
design development can be analyze in a better way if concentration is given to
the analysis of effectiveness and efficiency. There are number of factors
influencing effectiveness such as; Strategy and goals, but the resources used to
carry out design and design management activities are considered to have direct
impact on the effectiveness. The key area of the performance analysis is
identified as the relationship between resources and the level of effectiveness
achieved.

The impact of resource is defined as the capability of the resource to act upon
the input in a manner that achieves the desired output. Different resources may
be exploited in a different way and will produce different quality and quantity of
outputs producing different levels of effectiveness. The relationship between the
exploitation of a resource and the effectiveness achieved is addressed in the
Resource Impact Model as impact profile. The relationship is assumed as linear
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for simplification whereas it may be a complex function in certain situations. The
concept is shown in Fig. 5.14

100% g

. 1Tpt
E Impact
~1s Profile ~_ =\ .-
0]
b 4
(]
c
o
= TTa
—-—
&
b
Ll

® - >

0 Exa EXot 100%

Exploitation (Ex)

Figure 5.14 The Resource Impact Model

The model provides the concept to analyze the impact of different resources on
the effectiveness of a certain design activity. The concept is to identify the actual
and potential exploitation of a certain resource and its impact profile in relation to
a certain goal. When the impact of the certain resource is identified on the
effectiveness, the effectiveness and hence the performance can be improved by
exploiting the resource in a more managed way. The relative estimation of impact
allows the comparison of scope for improvement across the number of goals.
The resource effectiveness may also be defined which indicates the weighted
impact. This approach can be applied to the analysis of resource impact in an
environment where multiple goals with different priorities are pursued.

5.11.3 Analysis Approach

The elements of the resource impact model define the implementation of the
PERFORM approach. It assumes that the impact of resource on a goal may be
estimated using the judgment of individuals with appropriate knowledge. The
approach provides a structured concept for capturing the knowledge of the
subject individuals. The approach also incorporates the quality function
deployment, which is a widely used industrial tool. The approach takes the
initiative to collect the information from the individuals which are involved in
design management in the role of the analysis team. The analysis team defines
the elements within the PERFROM matrix. The matrix defines resources in rows
and goals in columns. The intersection of a row and a column provides the cell
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5.12

where the impact of a resource on a goal may be defined. The completed matrix
will be of the shape as shown in Fig. 5.15.

W[ | Wa
Rn En EXn(a|) EXn(pt) Irnnj . IMpm

Figure 5.15 The PERFORM Matrix

The matrix concentrates on the following aspects within an activity;
Resources (R; upto Rp)

Goals (Gjupto Gp)

Goal Priorities (Wjupto W)

Actual and Potential Exploitation of the Resources (EXiay and ExXigt)
Ease of Exploitation of Resources (E;)

Impact Relationships between Resources and Goals (Im;)

~PQo0 T

Dedicated software is suggested to analyze the data resulting from the matrix
which allows the representation of impact of a number of resources on a specific
goal or vice versa. The result of analysis supports the management and decision
making process with respect to the improvement in performance. The resources
which have a high impact on a number of goals may be identified and their
current exploitation may be seen clearly from the analysis. The effect of further
exploitation of a certain resource may also be simulated. This is only a
supporting decision making process which is in no way the supplement to the
management decisions.

Conclusion and Further Course of Action

An attempt was made in the above sections to critically analyze the literature for
the presence of performance measurement models in the area of design and
product development. The author was only able to find traces of performance
research with little direct relevance to the performance measurement model in
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the area of design development. This idea is supported continuously throughout
previous chapters and especially in Section 5.1.

Certain parameters for the design of performance measurement system are
identified clearly in the literature but authors differ in their opinion and it is very
difficult to assess a decisive approach. There is an overwhelming need identified
in the literature to address the non-financial measures in order to assess the
performance measurement for knowledge based activities as compared to the
classical performance measurement tools which were more altered towards
management accounting. Certain authors have devised knowledge based
models in order to assess the performance of design activity performance.

The balance scorecard approach is a well structured organization to assess the
performance in the respective area but, as identified previously, the approach
lacks the mechanism to integrate the concept of coherence and alignment across
the goals which is a basic need for the performance measurement system in the
product development area.

The formalism presented in Section 5.11 is considered as the most appropriate
methodology to assess the performance measurement in the design
development activity. The authors have clearly defined each and every aspect of
the process and the formalism is being practiced in many UK and USA
manufacturing industries. The same formalism will now be applied to a
manufacturing sector of Pakistan to assess the performance of its design
activities and identify the room for improvement.
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Chapter 6
DESIGN PERFORMANCE EVALUATION USING PERFORM

6.1

Introduction

The PERFORM approach consists of three conceptual modeling frameworks
which form the theoretical basis of the approach. The models are conceptual
backgrounds on which the approach is build. The frameworks constituting the
approach are

a. The DAM Model
b. The E? Model
c. The PMM Model

The DAM Model formalizes the design activity and the design management
activity into a single horizon, yet distinguishing between them with reference to
inputs, outputs, goals and resources. The resources act on inputs with reference
to goals and produce output.

The E? Model presents the concept of performance measurement in a knowledge
based environment by defining the performance as sum of efficiency and
effectiveness. The efficiency is the amount of knowledge gained with the use of
specified resources; i.e. the input problem is converted to output solution using
resources and the ratio of knowledge gained to resources used is defined as
efficiency. The effectiveness is the degree to which the output knowledge result
meets the requirements of the predefined goals and constraints. Thus efficiency
involves input, output and resources while effectiveness involves goals and
outputs. The model completely describes the mechanism of performance
evaluation in a knowledge based environment.

The PMM Model provides mechanism to measure and manage performance in
design process. The values of effectiveness are used to support and manage the
local control of the activities in the model. The model also supports coherence
and the measurement of efficiency

After providing theoretical background, the approach defines the means through
which the performance can be controlled through resources. The Resources
Input Model (RI) describes the mechanism through which a resource may be
exploited up to its potential level to gain effectiveness. The impact of a resource
is defined as the capability of the resource to act upon the input in a manner that
achieves the desired output. Different resources may be exploited to achieve
different levels of effectiveness.

The PERFORM matrix is formed after the specification and prioritization of goals

and resources. The matrix has weighted goals in columns and resources with
case of exploitation, actual exploitation and potential exploitation in rows. The
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6.2

certain impact of resources utilization (with specific amount of utilization) can be
represented in the matrix at the intersection of reference weighted goal and
resources. This matrix requires experienced individuals for completion as the
weights of the goals, impacts and exploitation levels can only be assessed and
till now there is no certain method or research writing present in the literature
regarding this problem. Moreover, dedicated software support in the case of
large projects is strongly recommended as the matrix elements grow enormously
as the resources and goals grow.

The analysis technique for the PERFORM matrix is described in the next section.
More theoretical background on the approach can be found as referenced and
certain important concepts can also be found in the appendices. The analysis
technique has been adopted from approach with certain modifications.

Analysis Technique

The analysis of the matrix is carried out after it is completely filled with weighted
goals and resources with exploitation levels. At the intersection of reference
goals and resources the impact is represented as shown in Fig. 6.1.

G;
|

R— b I,

Figure 6.1 Data Representation in Matrix

The impact of the resources is represented here as High (H), Medium (M) and
Low (L) with reference to certain resources. The impact profiles can be estimated
based on knowledge of inherent resource attributes. The concept is based on
Quality Function Deployment (QFD) [142, 143, 144] to establish the relationships
between customer needs and characteristics of the design concept. The typical
impact profiles for H, M and L as described are shown in Fig. 6.2.
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Figure 6.2 Representation of Impact in the Resource Impact Model

6.2.1 Formation of Matrix

Prior to defining the PERFORM matrix, the relationship existing between goals
and resources can be represented in a simple matrix for the sake and simplicity.
The matrix consists of resources in rows and goals in columns. A sample matrix
is shown in Fig. 6.3.

The impact of the resources on the goals is represented as H, M & L in the
reference columns. It can be seen that R2 is contributing towards all goals while
G2 is using every resource. The resources which do not have any impact on a
certain goal can be left blank. The matrix presented in Fig. 6.3 can be analyzed
by multiple criteria decision making [145]. Various goals may be described as
criteria having weights, while the multiple resources are alternate means of
achieving goals. Approaches such as rank-sum rule [28] & the datum method
[146] are present to support such decision making. The PERFROM approach
uses QFD as a tool for this purpose.
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Figure 6.3 Relations between Resources and Goals

6.2.2 Finalization of Matrix

Quantitative values are assigned to the qualitative values for the purpose of
analysis and calculation. The values are represented in Table 6.1. The values
described here are practiced by QFD specialists [142, 143, 144].

Numerical

Data Element Notation Description
Value
Ease (E) L/M/H 1/3/5 Ease of exploitation of
resource
(EEX)E))Imtatlon % 0-100 Exploitation of resource
Impact (Im) L/M/H 1/3/9 Impact of resource on goal
Priority (W) L/M/H 1/3/5 Priority of goal

Table 6.1 Representation of Data in Matrix

The data elements are now represented in the PERFORM matrix as shown in Fig
6.4 to support the analysis. The matrix contains goals, weightings and
exploitation levels for resources. In Fig. 6.4,

R;=Resource i, i=1 ...... n;
Gi=Goalj,j=1...... m;

W; = Priority of goal j;

Imj; = Impact of resource i on goal j;

E; = Ease of further exploitation of resource j;
Exiay = The actual exploitation of resource /; and
Exipy = The potential exploitation of resource i.
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GJ Gm
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Figure 6.4 The PERFORM Matrix

6.3 Analysis Parameters

Various analysis measures can be defined within the PERFORM matrix. The
measures which are selected here are as follows.

6.3.1 Resources Effectiveness Measures (REM)

REM is a single measure defined here to provide the basis for the definition and
analysis of other measures. The measure incorporates the impact (Imj;) of a
resource (R;) on a goal (G;) with priority (W;). The measure is defined as follows
in Fig. 6.5.

This can be defined mathematically as
ﬂRiGj :Wj [m;,
Equation 6-1
This measure has following usefulness.

a. Comparison 71: A comparison of the resource effectiveness for a specific
resource (R;) against different goals can be done. (G; ... G,) e.g. for the
effectiveness of resource R, on G, with weight Wy,

7o G =W, Imy,
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Gj C':'m
R; E | EXiap| Exipy | 1My | ... | Imjy
Ry En EXn(al) Exn(pt) Imnj Impym

Figure 6.5 Measure 1: Resource Effectiveness Measure (REM)

b. Comparison 2: A comparison of the effectiveness of different resources (R; . .
. Ry) in relation to the same goal. e.g. for a same goal G,

TG =W, Im
And,
TryGy =W, Im,,

c. Finding 1: The goals that are not impacted by a resource and those most
impacted can be identified by assuming equal weightage for all goals. This
concept was elaborated in Fig. 6.3.

6.3.2 Analysis Measures

These measures provide an analysis of resource effectiveness (individual and
groups) based on the assumption that all resources are exploited equally. The
goals defined here are the sub-goals of a higher level goal (G,). Following three
measures are used for this analysis.

a. Measure 2: The resource effectiveness in relation to the higher level goal (G,)
can be calculated by summation of the individual values obtained using

Measure 1 for a particular resource across a specific row of a matrix as
shown in Fig. 6.6. Mathematically;

”Ri(Go): ”Ri(Gj - Gm): Z W, Imy,
j=i

Equation 6-2
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G, G
W; W,
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Figure 6.6 Measure 2: AM 1

This measure has following usefulness;

Comparison 3: A comparison of the input of particular resources (R;) on the
overall goal (G,) e.g. for two resources R, & Ry, the comparison can be made
using Eq. 2 separately both for Ry & R, against G, involving respective
resource impacts.

Finding 2. The resources that have a high impact on the overall goal G, can
be distinguished from those with title or no impact and critical resources can
be found.

Measure 3. The specification phase supports the creation of particular
resource areas e.g. Design Management in which a number or resources are
grouped together. The resource effectiveness for a resource area may be
determined through summation of the individual resource effectiveness
values; i.e. summation of column against all goals as shown in Fig. 6.7.
Mathematically;

Equation 6-3
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G | .. | Gn

W; s | Whp
R E | EXi@ap| Exipp | 1My | ... M,
Rn En EXn(al) EXn(pt) Imnj ces Imnm

Figure 6.7 Measure 3: AM 2

This measure has following usefulness;

i. Comparison 4: A comparison of the effectiveness of different resources areas
(Ri....Rx, Rg ..... Rn) against a particular goal (G;) e.g. comparing the
effectiveness of Design Management resources to the effectiveness of
Decision Support resources in relation into the goal of meeting the program;

e.g.
7Z-R|—>Rn( ) Z W Im

i=1

And,

>

7T Rk—Rn (GJ ) Wj Imkj

k=1

ii. Comparison 5: A comparison of the effectiveness of a particular resource
area (R; ... R,) across different goals e.g. comparing the effectiveness of
Design Management resources (R; ... R,) against a goal of meeting the
program (G,) to their effectiveness against a goal reduced rework (G;).

7Z-R|—>Rn Z W Im

And,
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7T Ri>Rn (Gj): Zn: W Im;,
=

c. Measure 4: The effectiveness of a number of resources against the higher
level goal (G,) can be defined as shown in Fig. 6.8. Mathematically;

7Z-Ri—>Rn(Go): ”Ri—mn(Gj _>Gm): Z Z Wj Imy
-1

i1

Equation 6-4
G | ....| Gnm
W | o | W
Ri E EXican | EXipy Im ij - Im;,
Rn En EXn(a/) EXn(pt) Imnj R Imnm

Figure 6.8 Measure 4: AM 3

This measure has following utility;
i. Comparison 6: A comparison of the effectiveness of particular resource areas
(Ri... Ry), e.g. comparing the effectiveness of Design Management to that of

Decision Support against the higher level goal (G,) e.g. for resource area (R;
... Rk) & (Rk... Rp) against (G;... Gn= G,):

K m
7Z-Ri—>Rk(Go) = Z Z Wj Imij

And,
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6.3.3 Improvement Measures (IM)

The measures defined above provide insight to the effectiveness of resources on
goals to obtain relationships that describe the use of certain resources against
goals. To identify the room for improvement further analysis is made.

The basic aim of the improvement measures is to identify the difference between
the actual effectiveness and potential effectiveness of resources or resource
groups. The potential effectiveness can be achieved through exploiting the
resources beyond the actual level of exploitation. Potential effectiveness is based
on the potential exploitation of the resource (Exiyy) and the actual exploitation is
based on the actual exploitation of the resource (Ex;a)). Further measures to
enhance the analysis are defined as follows.

a. Measure 5: The potential (P) and actual (A) effectiveness of a resource in
relation to a specific goal (G;) may be defined as shown in Fig. 6.9 & 6.10
respectively. Mathematically;

Pﬂ-Ri (GJ) :Wj Imij Exi(pt)

And,

Aﬂ-Ri (GJ) :WJ Im” Exi(a|)

Equation 6-5

Equation 6-6

w, W,
R; E; EXican EXi(pt) |m,_, Imjm
R» En EXnay EXn (ot Imy; Impm

Figure 6.9 Measure 5: IM 1.1
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Figure 6.10 Measure 5: IM 1.2

The usefulness of this measure is as follows;

Finding 3: The difference between the actual and potential effectiveness to
identify the room and impact of improvement after the exploitation of
resources to the potential level and the resources (cost, manpower etc) to do
so. Therefore, scope in improvement ({(1Tr;)) in effectiveness (mr) of a
resource (R)) in relation to a specific goal (G)) is,

¢ (70)= P (G)) = Argi (G)
Equation 6-7
Or,
C(”Ri ) = (\Nj Imij EXi(pt))_ (Wj Imij EXi(aI))

Measure 6: The potential and actual effectiveness of a resource (R;) with
respect to a higher level goal (G,) is determined as shown in Fig. 6.11 and
6.12 respectively. Mathematically,
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Py (Gj -G, =G0)2i Wj Imij Exi(pt)

j=1

Equation 6-8
And,
m
j=1
Equation 6-9
G] Gm
R; E; EXican EX,'(pt) Im,, Imjn,
Rn En EXn(a/) EXn(pt) Im,,j . Imnm

Figure 6.11 Measure 6: IM 2.1
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Figure 6.12 Measure 6: IM 2.2

The usefulness of this measure is as follows;

i. Finding 4: The difference between the potential and actual effectiveness
identifies room for improvement with reference to a specific resource in
relation to a higher level goal and hence cost of improvement can be
identified e.g. the scope of improvement ({(1Tg;)) in effectiveness (11g;) of a
resource (R)) in relation to a higher level goal (G; — G, = G,) is,

g(”Ri): P”Ri(Gj -G, :Go)_ A”Ri(Gj -G, :Go)

Equation 6-10
Or,

{(me) = Z W, Im; Ex;, Z W, Im; EX;

j=1
c. Measure 7: The effectiveness of a number of resources i.e. resource areas
against a particular goal (Gj) in the context of potential and actual

effectiveness is determined as shown in Fig. 6.13 and Fig. 6.14 respectively.
Mathematically;

P 7 i ro- R( ) Z W Im;; Exl(pt)

Equation 6-11
And,
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A”RHanR(Gj): Z Wj Imij Exi(al)
i—1

Equation 6-12

G | .| Gn
W | o | Wa
R, E; EXican Exi(pt) Im,j Imjm,
Rn E, EXn(a/) Exn(pt) Imn] Imym

Figure 6.13 Measure 7: IM 3.1

G Gn
R Ei Exi(al) EXipy Im,-j Imim
Ry Er | EXngap| EXney Img; | ... IMpm

Figure 6.14 Measure 7: IM 3.2
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The usefulness of this measure is as follows;

i. Finding 5: The difference between the potential and actual effectiveness
identifies room for improvement with reference to a resource group in relation
to a specific goal and hence cost of improvement can be identified .e.g. the
scope of improvement (((TTri — rn = r)) IiN effectiveness (TTr; . rn=r) Of @ group
of resources (R, — R, = R) in relation to a specific goal (G)) is,

g(”Ri—)Rn:R): P i ro—r(G) = P7gi nr (G;)
Equation 6-13
Or,

(o srr) Z W, Imy; Ex;(, Z W, Im;; Ex; )

d. Measure 8: A final anaIyS|s is carried out by relating a number of resources to
a higher level goal in relation to potential and actual exploitation. This is
represented in Fig. 6.15 and 6.16 respectively. Mathematically,

Pﬂ-Ri—>Rn:R(Gj -G, = Go): Z Z Wj Imij Exi(pt)

i=l =l

Equation 6-14

Equation 6-15
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G | .| Gn

W, | ... | W,
R, E; EXica EXi(pt) Im,_, Imjn,
R, E, EXn(a/) Exn(pt) Imnj - Imnm

Figure 6.15 Measure 8: IM 4.1

G Gn

W | . | Wa
R, E; EX,'(al) EXip) Im,-j ceee | IMiy
Rn En EXn(aI) EXn(pt) Imnj 'R Imnm

Figure 6.16 Measure 8: IM 4.2

The usefulness of this measure is as follows;

i. Finding 6: The difference between the potential and actual effectiveness
identifies room for improvement with reference to a resource group in relation
to a higher level goal and hence cost of improvement can be identified. This is
a macro-level measure e.g. the scope of improvement ({(TTri — rn = R)) IN
effectiveness (11r; . rn = r) Of @ group of resources (R; — R, = R) in relation to
a higher level goal (G; — G, = G,) is,
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g(”Ri—)Rn:R )(Gj -G, = Go)z
Pﬂ-Ri—)anR (Gj — Gm = Go)_ Aﬂ-Ri—)anR (Gj - Gm = Go)

Equation 6-16
Or,

n n

g(”Ri—)Rn:R )(GJ - Gm = Go): Wj Imij EX
i =1

i=l

j=1

Equation 6-17

6.3.4 Return On Investment (ROI)

ROI is targeted to provide an indication of the return (in terms of increased
effectiveness) from the investment of resources (time, money, people etc.) to
further exploit a resource. The investment could be in the form of training the
engineers or providing a modeling software etc. The measure is defined only for
higher level goals as resources target to accomplish many goals at a single time.
The measure is defined as shown in Fig. 6.17. Mathematically,

Rol(G, =G, =G,)=> W, Im, E,

j=1

Equation 6-18

G Gnm
R; E; | EXiap | EXipy | 1My | ... | IMjy
Rn En EXn(a/) EXn(pt) Imnj e Imnm

Figure 6.17 Measure 9: ROI
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The usefulness of this measure is as follows;

a. Measure 9: This measure may be applied across all the individual resources
to allow the comparison of the Rol in each of them. The results will provide
indication of areas where investment is required to obtain effectiveness. The
relations will incorporate E; instead of E,.

6.3.5 Normalization of Results

Normalization of results is required for the comparison of various results against
a common reference or datum. The effectiveness of the resources against goals
is normalized using the Total Effectiveness (117) of all the resources against the
higher level goal (G,). This is shown in Fig. 6.18. Mathematically;

7Tr :”RHRn=R(Gj -G, =Go)=z Z W Im;,

i=1  j=I
Equation 6-19

Where,
m = Total number of goals in the analysis scope
n = Total number of resources in the analysis scope

As an example, the effectiveness of a particular resource against a higher level
goal (G,) is normalized as;

Zm: W Im;
j=1

Z le Wi Im;,
=

i=1

Normalized (Gj -G, = GO):
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G | .| G

W, | o | W

Ri E; | EXiany | Exipp | IMj; R I [
R = EXn(al) EXn(pt) Imnj - Imnm

Figure 6.18 Measure 10: Total Effectiveness

The use of normalization helps in comparing the values obtained from the
application of different measures e.g. the effectiveness of a particular area of
resources could be directly compared with the effectiveness of an individual
resource, where both are expressed as a percentage of the Total Effectiveness
(1r7). This shows the contribution of that resource to overall resource area.

6.4  Approach for Application to Industry

The formalism presented above is a lengthy exercise for implementation in the
industry. An application approach is devised here for initial implementation in the
industry. The approach is divided as shown in Fig. 6.18. Upcoming chapters will
elaborate the different phases of the approach.
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Figure 6.19 Approach for Application to Industry
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Chapter 7
THE MANUFACTURING FACILITY

7.1 Introduction

It was described in previous chapter that a manufacturing facility will be selected
for the implementation of the PERFORM approach. This chapter incorporates the
Phase — 1 of the approach presented in Fig. 6.19. The Phase — 1 of the approach
is presented here in Fig. 7.1 for ready reference. It can be seen that the Phase —
1 of the approach comprises of the preparation for the implementation of the
PERFORM approach. The manufacturing facility and the projects of the selected
facility will be selected during this phase.

Industry
Selection
Implementation Phase |
of PERFROM Project
to Mfg. Industry Preparation Selection

Figure 7.1 Phase — 1 for Implementation of PERFORM

7.1.1 Industry Selection

Pakistan has a large manufacturing which contributes towards the GDP of the
country. However, the manufacturing sector of the country has suffered severely
during the last decade due to the present energy crisis and heavy tax policies.

Nevertheless, the following points were kept in view for the selection of the

manufacturing facility.

a. Design department. The Company must have the design department, or a
centre which performs the activities of the design process, as the design
management performance can only be measured in the deign department
and not in any other department.

b. Manufacturing facility and Product Sales: The Company under consideration
must have the manufacturing facility so that the design of the company may
be manufactured and sold to the customer to assess the reliability of the
design and the customer satisfaction level.

c. General repute: The general repute of the company was also kept in view
during selection.

d. Locality: The locality and access of the company was also kept in view as
there is a limited amount of time and resources available for research.

e. Invitation feedback: Nine (9) firms in the vicinity of Wah / Rawalpindi /
Islamabad / Hasanabdal were contacted during the selection phase through
emails and personal contacts. An introduction of the approach was made
clear and a timeline of three (3) weeks was set for the response. The names
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of the companies that were contacted are with-held here. Following
companies responded to the offer.

i. Pakistan Tobacco Company (PTC), Jehlum

ii. Qarshe Industries (Ql) Pvt. Ltd., Hattar

iii. KSB Pumps Co. Ltd., Hasanabdal

PTC has a state of the art automated manufacturing facility and a wide product
range but was dropped due to the locality and lack of technical expertise for the
products. QI is present in the near vicinity but it failed to comply with the
requirement of the design department and the lack of technical expertise was
again felt here. However, KSB is present in the vicinity with a purely mechanical-
cum-manufacturing based product portfolio and the state of the art production
facility with a solid technical base of the design department. Moreover, the author
has served in the company as a design engineer and significantly aware of the
company’s profile and working style. Considering the merits of KSB, the
company was selected for the test implementation of the PERFORM approach.

An introduction of KSB will be presented in the next sections. The information
presented here is primarily referenced in [147 — 153]. Some information
presented here was collected from the company resources which are with-held
here on request.

7.1.2 The KSB Group: Company Introduction and History

KSB is a German Multinational company of international repute and is a leading
manufacturer of pumps, valves, hydraulic systems and package solutions for fluid
transfer systems. KSB is 1 group that shares 4 regions, 5 continents, 6 strategic
business areas, 116 countries and round about 12,000 employees. KSB uses
state of the art technologies for developing its products.

KSB was founded by Johannes Klein, Friedrich Schanzlin and August Becker in
Frankenthal, Germany, in 1871. Therefore the company’s existence dates back
to over 130 years now. In 1887, it turned into a pubic company. The company
then acquired different major plants in Germany. In 1941, first subsidiary on the
American continent was found in Argentina.

KSB Germany has attracted different brands of international fame and developed
its subsidiaries in different countries of the world. KSB has global presence,
broad product range, strong fans e.g. AMRI, SISTO, GIW and PSA (logos shown
in Fig. 7.2) and breakthrough thinking strategy with highly qualified employees.
KSB has a market volume of € 9.7 billion and stands tall in competition with Flow
Serve.
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A typical data of sales for the year 2002 is shown in Table 7.1. The milestones in the

development of the

The Manufacturing Facility

igure 7.2 The Brand Fans of KSB

company are also tabulated in Table 7.2.

Parameter Value

Order Intake € 1,200 million
Sales € 1,180 million
Income € 34 million
Employees 11, 948

Table 7.1 Typical Sales Data for Year 2002

Year
1871

1887
1924 — 1934

1941
1953
1957
1959
1960
1986
1989

1991
1994
1996

1997

Achievement / Milestone

Founded by Johannes Klein, Friedrich Schanzlin and August Becker in
Frankenthal

The firm is turned into a public company

Acquisition of further German plants in Homburg / Saar, Nuremberg
(later Pegnitz) and Bremen
Subsidiaries in a number of European countries

First subsidiary on the American continent (Argentina)

First subsidiary in the Asia-Pacific area (Pakistan)

Production start-up in Brazil

Foundation of KSB Pumps Limited, India

Foundation of KSB-Stiftung

Acquisition of Pompes Guinard S.A., Paris

Acquisiton of AMRI S.A., Paris, the largest European
manufacturer of butterfly valves

Takeover of the East German Pumpenwerke Halle

Maijority holding in KSB Shanghai Pumps Co., Ltd.

100 % interest in slurry pump manufacturer GIW Industries,
Georgia / USA

Purchase of MIL Controls, Kerala / India, a manufacturer
of control valves to ANSI standards

Table 7.2 Historical Development of the Company

The company has global presence as described above. The phenomenon of

global presence is summarized in Table 7.3.
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KSB Sites in KSB Sites in Europe KSB Sites in Middle KSB Sites in Asia /
Americas East Pacific
Canada Germany Turkey * India *

USA * France Saudi Arabia * Pakistan *

Mexico * Rest of Europe = 16 UAE Thailand

Chile South Africa * Singapore

Argentina Indonesia *

Venezuela Japan

Brazil * China *
Taiwan
South Korea
Australia *

Table 7.3 Global Presence of KSB

* = With production plant

The company also maintains its R&D and development activities throughout the
world. The fact is supported through Table 7.4.

Location
Germany
France

Luxemburg

Italy

USA

Brazil

India and Pakistan
China

South Africa

Indonesia
Singapore

R&D / Development Activities

All business areas (except Mining), Casting

Building Services Pumps, Industrial Pumps, Water/Waste Water
Pumps, Butterfly Valves

Diaphragm Valves

Industrial Pumps

Mining, Butterfly Valves, Casting

Water Pumps, Energy Pumps, Oil Pumps, Casting

All business areas (except Mining), Casting

Energy Pumps, Water Pumps, Casting

Water Pumps, Industrial Pumps, Energy Pumps, Diaphragm
Valves

Casting

Valves

Table 7.4 Worldwide R&D and Development

As a single source of supplies for Pumps, Valves, Control systems, Mixers and
Service, the business areas and the respective customers are shown in Table

7.5.

The sale of the KSB group is also shown in Fig. 7.3 through pie chart, which
identifies the fact that the most sales was made in Europe. The sale of the
company is growing since its existence. The typical data for sales of the
company versus the order intake through the years 1994 — 2001 is shown in Fig.

7.4.
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Business Areas
Building Services

Industry
Process
Engineering
Water

Waste Water

Energy

Mining

and

Customers

Wholesales, contractors,
consultants

Plant engineers, OEMs,
industrial companies

Plant engineers, water
companies (also public)
Plant engineers, waste
water companies (also
public)

Plant engineers, power
stations

Equipment suppliers

The Manufacturing Facility

Applications
Domestic water supply, Drainage,
Sanitation, Heating, Ventilation & air-
conditioning
General industry, Process
engineering , Hot water and heat

transfer liquid systems

Water extraction including seawater
desalination, Water treatment, Water
transport

Effluent treatment plants in industry

and the public sector, Sewage
pumping stations

Fossil-fuelled power stations,
Combined cycle power stations,

Nuclear power stations
Mining, Suction hopper dredges, OIl
sand industry

Table 7.5 Business Areas, Customers and Applications

Europe 60 %

Eastern Europe /
Middle East / Africa 10 %

Asia / Pacific 15 %

Americas 15 %

Figure 7.3 Worldwide Sales Contributions
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- Order intake - Sales (in million €)
1.010 1.046 1.062 1.114 1.121 1.065 1.158 1.184*
1.032 1.017 1.072 1.095 1.148 1.088 1.097 1.172*

[1{H1]

1994 1995 1996 1997 1998 1999 2000 2001

Fiaure 7.4 Order Intake vs Sales

7.2 KSB Pakistan

Continuing its tradition, KSB Germany developed KSB Pumps Company Limited
in Pakistan in 1953. Since then KSB Pakistan has also developed as a leading
manufacturer of pumps, valves and systems solutions. KSB Pakistan has a
production facility, generally referred to as works in Hasanabdal. The works has
a foundry which produces state of the art pump components and other specially
ordered castings, discs, engine blocks for example. The works has a main
production shop which constitutes of production machines, pump test bed,
assembly areas, tool stores and quality control setup.

In addition to its manufacturing facility, KSB Pakistan’s head office is situated at
Lahore. Sales and Services offices span over the whole country including at
Rawalpindi, Peshawar, Multan, Quetta and Karachi. That’s the reason behind the
company’s success that it provides solution and services fast, efficient and
wherever the customer needs.

During the last three decades, the Company has rapidly expanded its production
range to include a large variety of pumps to serve various sectors of the
economy. The new pumps for local production have been selected to particularly
meet the requirements of sugar, paper and other process and chemical
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industries apart from meeting the requirements of drinking water supply, sewage
disposal and surface drainage schemes.

The latest additions have been pumps of large capacity which are specifically
meant for irrigation and drainage applications. Pumps are produced in various
metallurgical executions including cast iron, Ni-resist cast iron, bronze and
stainless steel. KSB pumps are produced strictly in accordance with the design
and specifications of KSB AG Germany, in order to maintain standards of the
highest quality.

7.2.1 Mission

The mission statement of the Company states;

“We manufacture and market a selected range of standard and engineered
pumps and castings of world class quality. Our efforts are directed to have
delighted customers in the water, sewage, oil, energy, industry and building
services sectors.

In line with the Group strategy, we are committed to develop into a centre of
excellence in water application pumps and be a strong regional player. We want
to market valves, complete system solutions and foundry products including
patterns for captive, automotive and other industries. We will develop a world
class human resource with highly motivated and empowered employees.

The measure of our success is being a clear market leader, achieving quantum
growth and providing attractive returns to stakeholders.”

7.2.2 The Production Plan for Pakistan

KSB Germany has strategically divided its product design issues and
manufacturing overall the world depending upon the market nature and the
economy of the reference country. Every country does not and in fact cannot
produce each product.

Similarly, Pakistan has its own product range, capacity and capabilities.
Important product sales in Pakistan include ETA, KWP, KRT and DWT etc.
Significant international products include the state of the art SNW, PNW and PNZ
Engineered Pumps Series, which brings a major international and national return.
KSB Pakistan is the only International manufacturer of this series in the whole
KSB group and in the whole world. It has provided these prestigious pumps for
many countries including Germany, Thailand, Indonesia, Dubai, Egypt and of
course Pakistan. Recently, the first ever order of the SNW pump in steel
execution has been produced for a site in Karachi. The products of the KSB
Pakistan and their uses are tabulated in Table. 7.6. The uses and the technical
specs of the products are out of the scope of this thesis.
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Pump Types
Applications

ETA
ETA 300-35
ETACHRO

elpwr-B
RPK

o [kwp

o[kvp
OMEGA
OMEGA Vv
WKF
MOVI V
MOVI
HLP

oMK / MKA

o [snw

o[PnW

Y 24
ALTA
suss
uPv

e [krTU

Agricultural drainage
Boiler feed application in power stations / industry [
Cooling cycles in air-conditioning system °
Cooling water supply
Crude oil o ° ° ° °
Domestic water supply oo ° D
Drainage of cellars / basins ° K ° K ° °
Fire fighting °
Garden irrigation °
Ground water recovery o] e
Irrigation ° ° °
Lowering of surface water level o e
Paper and pulp
Petrochemical industry °
Pharmaceuticals ] [ °
Pressure boosting o e
Sewage [ ol oo
Storm water ol e
Sugar industry [
Water pollution control °
Water recirculation o] e °
\Water supply (municipal, industrial) 0
Water treatment

Table 7.6 Types of Pumps and their Uses

The sale of the factory has also observed a continuous rise during the last
decade as shown in Fig. 7.5. The current market size for the company (DWT &
SNW/PNW) is 100 M US $, while the current turn over is 0.5 M US §.

Figure 7.5 Export Sales Values for Pakistan
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The typical local sales figures data for KSB Pakistan during 2004 — 2006 is

presented through Table 7.7 and Fig. 7.6.

Sr.No. Description Value Period
(Million)
1 |WASA - Lahore, Main Ouffall Rs. 25 Quarter-1V, 2004
2 |MDA - Sewage Schemes — | (CMF) Rs. 100 Quarter-1, 2005
3 |RDA — Refurbishment & new Pumps Rs. 38 Quarter-1V, 2004
4  Bannu — Drought Relief Package Rs. 33 Quarter-11, 2005
5 |Chashma Right Bank Canal (CRBC) Rs. 450 Quarter-11l, 2005
6 |MDA - Sewage Schemes — |l (ADB) Rs. 100 Quarter-1, 2005
7  |New Murree Water Supply Project Rs. 150 Quarter-1, 2005
8 |NDP — Lift Irrigation Schemes Rs. 100 Quarter-11, 2005
9 |Baloki Lift Irrigation Scheme Rs. 40 Quarter-11, 2005
10 |NDP - Sukhur Airport Rs. 15 Quarter-1V, 2004
11 [Chutiari Command Area Project Rs. 35 Quarter-Ill, 2005
12 |RDA - Sewage Disposal Stations Project Rs. 75 Quarter-1V, 2005
13 |Khairpur Ghotki Drainage Project Rs. 150 Quarter-1, 2006

Table 7.7 Local Sales Data

500 -

450 H

400

350 T

300 -

250 1

200 H
150 A
100 A
50 A

3rd Qtr 4th Qtr 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr 1st Qtr
2004 2004 2005 2005 2005

2005 2006

Figure 7.6 Bar Chart for Sales during 2004 — 2006
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KSB Pakistan has state of the art manufacturing facility with following salient
features.
a. Foundry production of all castings
» Single piece weight up to 800 kg
» Grey Cast Iron
» Austenitic Cast Iron D2
» Zinc-less Bronze
» Aluminum Multiple Bronze
» Austenitic Stainless Steel
b. Complete In-House Machining Facility of all Components
» Optimized Tool Engineering
» In-house development of tooling Jigs and Fixtures
» Dynamic Balancing of Rotor
» Hydrostatic Pressure Testing of pressure retaining parts
c. Mechanized Assembly Stations
» Appropriate tooling to meet product’s specific assembly requirements
d. Hydraulic Performance Testing
» Open loop testing facility - Flexibility in installation
» Calibrated Instrumentation and equipment to test complete range
e. Vendor Development
» Welding technology qualification for fabricated parts up to size DN 800
» Standardized manufacturing Lead Time
f. Material Planning
g. Quality Assurance
» Quality Control Plan (QCP) developed jointly by QA (Pak) & QA (FT)
h. Logistics
» Transportation security of product and export document control

The strategic business fields of KSB Pakistan’s export are as follows.
a. Agriculture
» Irrigation and Drainage pumping stations
b. Industry
» Cooling Water Pumps
c. Storm and Raw water pumps
d. Flood Control and Dock Pumps
e. Municipal Water Supply

7.3 The Design Office

The design department at the company provides the technical solutions to the
problems which arise time to time during the manufacturing, assembly, usage
etc. of the products. The department primarily provides technical background for
the development of new products and the service of the commissioned projects.
The same office serves for the international sales. The product category of the
design department is as follows.
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a. Standard execution

v v v v v v Vv

Hydraulic selection
Metallurgy selection

Seal selection

System integration (solutions)
Interface modifications

Base frames & foundations
Adaptabilities

b. Engineered execution

v v v v v v Vv

Pump design

Mechanical design

Thrust load calculation / bearing arrangement
Seal technology

Metallurgy

Hydraulic selection

Pump station design / intake chambers

7.3.1 The Information Flow

The design office serves as a hub of technical activities through out the company. A
flow-chart of the information flow of the department throughout the company is
presented in Fig. 7.7. This should be read in accordance with information presented in

Chapter 02.
| SALES & SERVICES |< J customer ]
AQs, Queries .
Replies to tech. ' Tech_nlcal
Queries, Indents, offers queries
Drawings
—>» DESIGN DEPARTMENT
BOMSs, Drawings, Drawings, Drawings, Drawings,
Technical Technical Technical Technical Technical
Documents Information Information Information Information
L 4 v
|  rPawng | | PRODUCTION | | ASSEMBLY
L 4 \d
| PROCUREMENT | | quaLITY Assurance |

Figure 7.7 Information Flow from Design Office
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Standard

Article Codes

7.3.2 The Working of Design Office

It was pointed out in 7.4.1 that the design office has a very close technical
collaboration with the internal (planning, production, procurement, quality
assurance and assembly) and external (national and international sales and
services) customers. A more detailed schematic representation of the internal
working of the design department is shown in Fig. 7.8.

Customer Enquiry /
AO / Market Analysis

Present in KSB Pakistan
Production Program?

Present in KSB AG Refuse
Production Program?

Yes

No Development
Possible?

Yes

Standard No

License Approval? >——-» Refuse
Standard / Engineered Design
Product? Output
Y Y +
Design Design Design Design :
Verifeation [* Planning | ~| Input | | output | " ReView

Satisfies
pecifications?

Major
No @ Yes | Reduce y
Mis-Match

Minor

Positive

Design Design =/@ Minor
ToPPC Validated "| Change Modification?

Negative

Figure 7.8 The Flow Chart of Design Office

The core functions of the design department are as under;
Creation of article masters;

Creation & maintenance of BOMs;

Preparation & maintenance of drawings;

New product development; and

Project planning for exports.

®Q0TO
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As a process, design needs inputs and work on them to generate outputs. The design
process is a self-repeating loop. The typical design process flow diagram of the
company’s design office is schematically represented in Fig. 7.8. This diagram is in
accordance with the discussion presented in Chapter 02.

¢ Internal Capability Assessment
o Activity identification
» Planning e Lead time determination
¢ Gantt charts
¢ Follow-up plans
o Market Analysis
o Marketing requirement
o Statutory and Regulatory requirements from Market
Prerequisites » Inputs o Availability of Product in KSB Pakistan’s Product Range

o Availability of Product in KSB AG’s Product Range
o Capability of Developing a new product from an old design
¢ Input from previous designs (where applicable)

e Trained HR ¢ Drawings, applicable standards and Bill of Materials

e Technical Database > Outputs ¢ Hydraulic parameters as per Market requirement

o CAD System e Process Planning for Manufacturing / Assembly / QA
e Operating and Maintenance Manual

' J
. ¢ Evaluation of Design outputs in comparison with market
Design and requirements
Development d Review o |dentification of deviations
Phases o Necessary actions to be taken

o Verification is carried to ensure that the product is
capable of meeting the market requirements

> Verification —————» Hydrostatic testing

o Hydraulic parameter testing

o Vibration analysis

o Validation is done when the product is put into
operation at site to ensure that the product meets

Validation the requirements for the specified application
¢ On-the-site testing
¢ In case change in design is required from Design
Validation, the changes are done and records are
maintained
Change . o
> Contr%l e The changes are reviewed, verified and approved before

implementation.
¢ The effect of changes on the product already developed
are evaluated through design change validation

Figure 7.9 The Design Process Flow Chart
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7.4

Selection of Design Project for Performance Evaluation

The second part of Phase — 1 consists of selecting the design and development projects
for performance evaluation. It was discussed in sections 7.3 and 7.4 that the company
has a dedicated design office which serves to approximately each department of the
company. The marketing department searches for orders and the orders reach the
design office in the form of Acceptance Orders (AOs). The AOS are referred to the
standard or engineered cells depending upon the nature of the order. The design office
encounters typical design issues during the execution of engineered (tailored) orders
and solution for after-sales customer problems.

The design office specializes in the execution of tailored orders through the engineering
cell. The design of SNW / PNW / PNZ / DWT (engineered execution) pumps is the
cutting edge of the engineering cell. Thus the projects of the engineering cell during
1995 — 2005 were evaluated for the selection of a reference projects. Special attention
was given to the exports orders.

A sample of 10 projects was evaluated and reviewed for performance
measurement in the design development process. The evaluation method
consisted of following steps.

a. Availability of Data: The company did not have the procedure of maintaining
the data in soft form till 90s. Therefore the projects which had the complete
data both in soft and hard form were considered. Moreover, attention was
also given to the presence of complete technical data pack in the form of
drawings, project timelines, use of resources (manpower, software, material
etc), response of customer after delivery and the overall impact of the project.
Several data in this regard is confidential as advised by the company is with-
held here on request.

b. Project Timelines: The organization has adapted the means of timely
execution of the project as per the demand of market and the competitive
environment as offered by the competitors. Many other companies have
launched its products in the market, so the organization had to meet with the
deadlines of time but this was not the case till 90s. The timelines of the
project are defined in the form of Gantt charts using MS Project Professional
2003. The availability of the reference plan was considered as the basic
requirement for the design management performance evaluation.

c. Nature of Project: As discussed earlier, the company is involved in two types
of projects namely the standard execution and the engineered execution
projects. Typical design problems are encountered in the engineering cell
only as the standard cell is more of a production type constituent of the
department. The standard cell recommends the standard components of the
orders with reference to the AOs and do not involve any design problem
solving as they are the standard products which vary only in defined areas.
Therefore, only the projects of the engineering cell were reviewed for the
reference study.
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d. Presence of Design Issues: Even in the engineered cell, every project does
not involve the typical design and development problems. Many projects just
have a small alteration in the main design of any product. There are a few
projects in which a complete review of a design process and new additional
design to the present product is required to be made. It is worth mentioning
here that the facility in Pakistan does not involve the development of
completely new products as the production license of any product is the
property of KSB AG. Nevertheless, there are many complete design problems
in the recent projects of the company especially after the sales of engineered
orders to the Pakistani manufacturing facilities. The project selected here
contains a proper design and development issue rather then just a routine
engineered order.

e. Completion: Many engineered orders take a long time during the design
development and its manufacturing and testing through the final delivery e.g.
the project IEZ-420: Gharb Tahta which was the property of Egypt required 40
products to be made. Five separate projects were present in these 40
products. The project took approximately 14 months for completion. Similarly
IEZ-425, IEZ-438, IEZ-445 and |IEZ-460 approximately took 10 months on the
average for completion. It was therefore decided that the projects under
execution will not be considered for performance evaluation as there was a
time constraint.

Depending upon the factors presented above, the project IEZ-425 was selected
for performance evaluation. The project consisted of 08 PNW Engineered
products of German origin and was taken from Thailand. The products were
meant to be mounted on a specialized base on a dam. The standard bases of the
product could not be used for the purpose. Therefore, a complete new design of
the base plate and the hydraulic / mechanical strength analysis was also
required. A complete problem statement is formulized as follows;

“To design and develop a PNW PB4 400 — 350 pump according to
the acceptance order and to exceed customer satisfaction. The
technical aspects of the order shall be taken from the acceptance
order and the maximum design activity time will be one week (07
days)”.

The statement will be further elaborated during the discussion and adaptation of
the PERFORM approach during next sections.
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Chapter 8
APPLICATION OF PERFORM

8.1

Introduction

The previous chapter provided with the understanding of the environment of the
company in which the PERFORM system is intended to be applied. The
company is a multinational manufacturing concern in which tailored customer
orders are manufactured according to the timelines. After sales service is also a
value added aspect of the company. The project selection was also made on a
defined criteria and a problem statement was evaluated for a preliminary design
performance measurement. As a Phase-ll of the application of PERFORM, the
implementation technique is schematically presented in Fig. 8.1.

Interaction

with enterprise
Phase Il
PERFROM
Data Adaptation
Collection
Data
Collection

Figure 8.1 Phase-Il of PERFORM Application

8.1.1 Interaction with the Enterprise

The conceptual background for the application of PERFORM in the
manufacturing sector of Pakistan has been developed during the last chapters.
The selected company did not have any process based performance
measurement system in the design department. Therefore, a strategy to
introduce the concept to the company was formulized and its main steps are as
follows;

8.1.2 Preparation

In the preparation phase, personal preparation was made to introduce the

company on the technique. Following steps were carried out during this phase;

a. Invitations to company’s key executives available at Works, HA: In this phase
proper invitations were sent manually and through emails to the key company
executives which are holding the high management posts of the company.
Due to the limited resources, the executives present at the Works,
Hassanabdal were contacted. However, it may be noted that the key
executives on whom the performance of the company depends are located at
Works. The site and sale offices only have sales personnel whose input was
taken through emails. Moreover, two of the key project engineers from KSB
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AG were also involved through video conferencing and their valuable input
was also taken. The names and designations of the executives are withheld
here on request.

b. Preparation of orientation material: As there was no mechanism for the
knowledge based performance measurement as a whole in the company and
especially in the design office, the audience had to be briefed and convinced
about the importance and outcomes of the performance measurement. For
this purpose, a brief presentation consisting of 30 slides was made which
introduced and elaborated the different concepts in design management and
its performance measurement. The presentation was backed up with printed
material which described the design management and its performance
measurement relatively in greater detail with referencing. Moreover, a case
study of a UK based manufactured of bicycles was also included in the
printed matter to further enhance the understanding and outcomes of
implementing a performance measurement system in design.

c. Collaboration with marketing dept: The marketing department at Rawalpindi
was contacted to obtain the data presented in Chapter 07 and to obtain input
regarding the customer satisfaction in Punjab.

d. Preparation of input templates: The PERFORM matrix requires assessed
input from the audience for the matter of producing results. A template was
developed for this purpose so that every individual can provide his input on
the concerning phase of the performance measurement procedure. The
templates were also aimed for the sake of comparative analysis between the
inputs of the different departmental heads. Moreover, the templates also held
during the brainstorming session during which the inputs, outputs, goals and
resources for the reference design project were finalized.

e. Formation of supporting software in MS Excel ® 2003: Numerous equations
were defined in the previous chapters for the sake of developing the areas in
which the improvement of performance is required. With only four goals four
resources, there are 16 relations to be analyzed. The data gets huge as the
number of goals and resources increase. Therefore, a solution template was
also made during the preparation session so that the agreed inputs could be
entered in the template and on spot results could be viewed. Standard built in
formulas were used for the formulation of graphs.

8.1.3 Procedure

The introductory session was consisted of two phases during which the audience
was briefed about design management and its benefits. Elaboration of the
procedure is given in following sections. The audience was provided with the
printed material which was prepared during preparation phase.
a. Orientation — First Session
i. Importance of PM in design: The importance of performance
measurement in design development was introduced to the company. The
presentation comprised on the concept presented in the thesis in Chapter
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02 & 03. The case studies in the chapters were also the part of the
presentation.

Company standing: The data collected from the marketing department
during the preparation phase was presented before the audience to
describe the current standing of the company. Moreover, the gray areas
for the implementation of performance measurement in design and
product development were also highlighted.

Threats from local and International manufacturers: KSB Pakistan has
been the sole manufacturer of Pumps since 1957. Recently, certain local
and international manufacturers have been introduced into the market
which is presenting sales and customer loss to the company. The idea
here was to motivate the company executives to incorporate the concept
of performance measurement as a competitive advantage to obtain
increased sales growth and customer satisfaction.

After the session, feedback performance was given to the participants to obtain
their comments about the session. The feedback confirmed that the participants
had a principal agreement on the importance of the performance measurement in
design development. It also identified that the participants were agreed for the
implementation of the PERFORM approach.

b. Orientation — Second Session

Introduction to PM Models: State of the art performance measurement
models were introduced to the participants during this phase. The session
dominantly consisted of the models already presented in the thesis. The
aim of this section was to elaborate the amount of research which has
been the area of interest for the manufacturing concerns like the company
itself.

Introduction to PERFORM: During this section, the PERFORM approach
was introduced to the participants for the sake of developing their
understanding. The merits of the approach over the other models were
also discussed and expected outcome of the approach was also
discussed.

Presentation of a Case Study: A case study of the PERFORM
implementation was discussed in this section for the sake of developing a
more through understanding of the procedure.

This session was followed by a question and answer session during which the
questions of the audience regarding the implementation of PERFORM were
discussed. The outcomes of these sessions are summarized as follows;

a. Consensus on importance of PM in Design: The participants principally
agreed that there should be a performance measurement system in the
design office.

b. Clarification of models and their analytical abilities: The participants were
apprised on the nature and analytical abilities of the different models and their
procedure of implementation and their expected outcomes.
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c. No PM system for design: The participants also agreed that currently there
was no performance measurement system in the design office. This identified
the requirement of a performance measurement system in the design office.

8.2 PERFORM Adaptation

PERFORM is a complex procedural approach. A proper mechanism for the
implementation and adaptation of the approach is suggested as a first case in
any organization according to its specific needs. Following steps were devised
during the adaptation of PERFORM at KSB.

8.2.1 Preparation

During the preparation phase, the participants were introduced that following

steps will be carried out during the PERFORM application.

a. Scope: The scope of the analysis will be defined and finalized as discussed in
chapter 04 of the thesis.

b. Goals: The over all goal and the subsequent goals will be defined in this
phase.

c. Priorities: Goal priorities will be finalized and agreed in this phase.

d. Resources: The resources will be finalized similarly during this section.

e. Assessment for actual and potential exploitation: The impact of the resources
on the goal---s will be identified and finalized. Moreover, the assessment for
actual and potential expectation of the goals will also be finalized during this
phase.

8.2.2 Data Collection

Data was collected on the templates prepared during the preparation phase. A

comparative study was made on different inputs. The participants had to provide

separate inputs on each phase of the process. This was followed by a

brainstorming session in which every aspect was finalized and agreed. The

agreed data is presented in the following sections;

a. Selected Technical Data of IEZ-425: The selected technical data of the
project is presented in Table 8.1. An expert from the basic engineering of the
project is summarized in Fig. 8.2 to elaborate the working of the design office.
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b.

Design Aspect
Order number
Project

Pump type and size
Discharge

Stage Head
Efficiency

Motor power

Motor speed

Nominal speed

P/n Ratio

Blade Angle

Material combination
Mounting arrangement
Bearing arrangement
Setting depth

Application of PERFORM

Value

IEZ — 425

Djerdap lll, Gaj Nova
PNW PB4 400 — 350
400 I/s = 1440 m3/hr
6.82m

78

45 kW

1470 min-1

1465 min-1

0.031

10°

02

CD

3

ET (mm) = 4630

Table 8.1 Selected Data of IEZ-425

Pump shaft max. length (ZN 961) =

Column & Top Shaft max. length (ZN 961) = fl 1x10° xd(cm) =
nx1.3
1

Flender coupling selected
Ref. Flender Catalogue
For P/n =0.031

Motor stub shaft @ = 60

Residur bearing required

Angular contact ball bearing
Ref. Bearing Calculation Sheet

Cylindrical coupling selected
Additional requirements

PT 100
Pressure gauge

nx2 1465x% 2
=150.08cm = 1500 mm
1465x1.3
51.9cm =1519 mm

= B180

=C35(1x1x2)+ 2 (spare)
C45 (1 x1x2)+ 2 (spare)
C55 (1 x1x2)+ 2 (spare)

= 7218 BE (1 x 1 x 2) + 2 (spare)
= Cylindrical coupling 35 for P/n = 0.031 (ZN 961)

Length 170
0-1 Bar, 160mm, G1/2

Figure 8.2 Basic Engineering for IEZ-425

Inputs of the Design Process: The inputs of the design process are tabulated
in Table 8.2. The inputs are classified as Design Inputs (DI) and Design
Activity Inputs (DAI) as desired by the model.

Outputs of the Design Process: The outputs of the design process are
tabulated in Table 8.3. The outputs are classified as Design Outputs (DO)
and Design Activity Outputs (DAQO) as desired by the model.
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d.

(9]
PN RAWN =S
o

N —

e.

Application of PERFORM
Design Outputs(DO)

S.No Representation Description
1. DO 1 Design brief (as specified by customer)
2. DO 2 Technical feasibility
3. DO 3 Estimated price

Design Activity Outputs (DAQO)

S.No Representation Description

1. DAO 1 Time elapsed
Table 8.2 Design Process Outputs
Design Goals and Priorities: The goals of the design process are tabulated in

Table 8.4. The Goals are classified as Design Goals (DG) and Design
Activity Goals (DAG) as desired by the model. The agreed priorities of the
respective goals are mentioned after them in parenthesis. The priorities and
weights are with reference to Table 6.1.

Design Goals (DG)

Representation Description

DG 1 Cosmetic appearance (L)

DG 2 Technically feasible (H)

DG 3 Price within range (L)

DG 4 Serve customer needs (M)

DG 5 Grow expertise within department (M)

DG 6 Meet / Exceed Performance targets (M)

DG7 Maintain quality standard as defined by MBK (H)

DG 8 Form relations in Gaj Nova for future orders (L)
Design Activity Goal (DAG)

DAG 1 Complete within 7 days (M)

DAG 2 Increase profit (L)

Table 8.3 Design Process Goals

Design Resources: The resources of the design process are tabulated in
Table 8.5. It is assumed here that the same designer is responsible for the
design goal and the design activity goal. Therefore, the resources are not
classified as design resources and design activity resources. Instead common
design resources are devised here. The resources are further classified in five
groups i.e. Communication, Expertise, Management, IT Systems and
Manufacturing. The company has separate areas of expertise in the
mentioned groups.

Design Resource Group: Communication (DR 1)
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S. No Representation Description
1. R 1.1 Technical team meetings
2. R1.2 Product brochures
3. R1.3 MBK group support
Design Resource Group: Expertise (DR 2)
S.No Representation Description
1. R 21 Hydraulics
2. R2.2 Pump design
3. R23 Flow induced vibrations
4. R24 CAD /CAM
5. R25 Project management
6. R 2.6 Risk management
7. R2.7 Documentation
8. R2.8 After sales service
Design Resource Group: Management (DR 3)
S.No Representation Description
1. R 3.1 Team management
2. R 3.2 Knowledge management
3. R3.3 COMET
4, R 3.4 Quality management system (QMS)
5. R 3.5 Life cycle management (LCM)
6. R 3.6 Supply chain management (SCM)
Design Resource Group: IT Systems (DR 4)
S.No Representation Description
1. R4.1 Hardware
2. R4.2 CAD Software
3. R4.3 ERP Software
4. R4.4 Technical Data Pack (TDP)
Design Resource Group: Manufacturing (DR 5)
1. R 5.1 Foundry
2. R5.2 CNC group
3. R5.3 Conventional group
4. R54 Tooling
5. R 5.5 Assembily line
6. R 5.6 Testing and qualification

Table 8.4 Design Resources

8.3 Conclusion

In the above sections a preliminary formulation for the adaptation of PERFORM
at KSB Pumps Co. Ltd. has been developed. The material presented above is a
result of repeated brainstorming sessions till two days. The input of the
participants is out of the scope of this thesis and is withheld with the company.
The company executives agreed upon the above information on the sake of
simplicity and learning purposes. The next chapter will address the input of data
to the PERFORM matrix, its analysis and selected results
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Chapter 9
RESULTS AND CONCLUSIONS

9.1 Introduction

The previous chapter presented the basic formulation for the implementation of
PERFORM to a selected project. This chapter will present the final shape of
PERFORM matrix after the input from the users and hence the analysis and the
selected results. The process diagram of this chapter is shown in Fig. 9.1.

Software
Support

Phase Il

Implementation

Data Feeding

Analysis

Results

Figure 9.1 Phase-lll Implementation

9.2 Software Support

Microsoft Excel ® 2003 was used as the basis for calculation of the analytical
parameters of PERFORM. Simplified MS Excel formulae and templates were
used to develop the measures defined in Chapter 6. The software was also used
to calculate the customized graphs for thorough understanding of the results. The
sheets of the workbook were interlinked so that if an impact of the resource were
to be changed, the final results would be automatically updated. This was
particularly useful to introduce and demonstrate the effect of resources on the
goals. Participants requested for certain changes for the analysis purposes and
the results were shown to them in a typical time of 10 minutes.

9.3 Data Feeding

After the agreement of the participants was obtained on the goals, resources,
weights and priorities, the data was transferred to the Excel sheet. The finalized
form of the Excel sheet is presented in Table 9.1. The numerical shape of the
matrix is also shown in Table 9.2

It can be seen that the goals are defined separately while the resources are

defined in resource groups as discussed in Chapter 08. The agreed impact
values were then entered into the template. The template in return provided
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results as graphs which will be used to analyze the output. The software form of
the reference template is also provided in a CD with the thesis.

Goals
Goal Priority (W) L H | L |[M|M M H LIM|L
IS S\..L‘ 2 % g [0) GEJ ) g c
22|52 5|2 2|gE [ o |2
o ﬁ (0] ﬁ 8_ % T 8 g @© g |8 |~ =
Resources .| o - 2| 3| | o |0 £ S |E|g| B
c c < | W c | Z2 N0 O |lw® =
9 g %g [S) © - 6 cC o “‘g % L [m) a
wigs |28 g | 2|5 elc2fe| >|6I~]| &
sS85 | £ E£E| | SE8 kS| £E15|a| &
22282 88| 222BE| SI3|E| ¢
w Qo oul | <l Ol la|lopPu B g ¥ | £
Communication
Technical team meetings M |70 |50 M L L M H L LM M
Product brochures L |50 |20 M L L L L L L HIL|H
MBK group support M | 100 | 70 L L L L M HIL|M
Expertise
Hydraulics M | 100 | 60 M H L |H M H M LIL|L
Pump design H [100]70 M H M |H | M H M L|L|L
Flow induced vibrations L 100 | 50 M H|L |H M H M L|L|L
CAD /CAM M | 100 |70 H H M|H M H M HIM|L
Project management H |80 |50 L M | M |M |H H L HIH|M
Risk management M [80 |40 L MMM |H H L HIH|H
Documentation L |70 |30 M HIL |[M|M L H HIM|L
After sales service M [100 | 70 M H |L H |L L H HIL|H
Management
Team management M | 100 | 70 M H | L M | M H L L|H|H
Knowledge management L 50 |20 L H |[M |L M M L L M H
COMET L |50 |40 L L |[L |M|H H H LIH|L
QMS M |70 |20 L M |[L |H |L H H HIL|H
LCM L |70 |20 L L [MJ|JL | M H H HIL|L
SCM M |70 |50 M H | M |H | M H L L|H|H
IT Systems
Hardware M |50 |40 H H L |L | M H L MIL|L
CAD Software L |80 |50 H H M |M|H H L LIM|L
ERP Software L |50 |40 L L |[M|M|H H H L|M|H
TDP M | 100 | 60 M H|L |H | M L H HIL|L
Manufacturing
Foundry H |100 |50 H H M J|L | M M H LIM|L
CNC group M | 100 | 60 H H |HJ|L | M M H LIMM
Conventional group L 100 | 70 L M | L L M L H LML
Tooling H |100 |60 H H | H | M]|L H H M|M|H
Assembly line M | 100 | 80 M H L |L | M L M LIM|L
Testing and qualification H | 100 | 50 L H |H |H |L H H H{M|L

Table 9.1 Final Shape of PERFORM Matrix
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Goals
Goal Priority (W) 1 5 1 3 3 3 5 1 3 1
IR E 5
Sl =| & | = [ = © = | <
02|53 | 5| 8| 2| 2|t e - | 2
o ﬁ (0] L|>j 8 % iy 8 g @ T © —| =
2.1 8| 8| x| 2|la |E S| E| 2|5
c c < L c Z |0 (e} A=
Co |88 e|g S slegS, |88 ]5
wiss 08 5| |S|elce @2 2|58
s182 |38 | 5| 5| 8|2|58|82| 5|8 |¢2|Q
Resources S 838l &Elalas|2S |8 &2
Communication
Technical team meetings 3 |70 |50 3 9 1 1 3 9 1 3 3
Product brochures 1 50 |20 3 1 1 1 1 1 9 1 9
MBK group support 3 [100 |70 1 9 1 3 1 9 1 3
Expertise
Hydraulics 3 1100 |60 3 19 1 9 |3 9 3 1 1 1
Pump design 5 1100 |70 3 19 |3 19 |3 9 3 1 1 1
Flow induced vibrations 1 100 | 50 3 9 1 9 3 9 3 1 1 1
CAD / CAM 3 1100 ] 70 9 |9 |3 |9 [3 9 3 19 |3 1
Project management 5 |80 |50 1 3 3 3 9 9 1 9 9 3
Risk management 3 |80 |40 1 3 |3 3 9 9 1 9 |9 9
Documentation 1 70 |30 3 9 1 3 3 1 9 9 3 1
After sales service 3 100 | 70 3 9 1 9 1 1 9 9 1 9
Management
Team management 3 100 | 70 3 9 1 3 3 9 1 1 9 9
Knowledge management 1 50 |20 1 9 3 1 3 3 1 1 3 9
COMET 1 50 |40 1 1 1 3 19 9 9 1 9 1
QMS 3 |70 |20 1 3 1 9 1 9 9 |9 1 9
LCM 1 70 |20 1 1 3 1 3 9 9 |9 1 1
SCM 3 |70 |50 3 19 |3 |19 |3 9 1 1 9 |9
IT Systems
Hardware 3 |50 |40 9 9 1 1 3 9 1 3 1 1
CAD Software 1 80 |50 9 19 |3 |3 |9 9 1 1 3 1
ERP Software 1 50 |40 1 1 3 |3 |9 9 9 1 3 19
TDP 3 1100 |60 3 19 1 9 |3 1 9 |9 1 1
Manufacturing
Foundry 5 1100 | 50 9 |9 |3 1 3 3 9 1 3 1
CNC group 3 1100 |60 9 19 |9 1 3 3 9 1 3 |3
Conventional group 1 100 | 70 1 3 1 1 3 1 9 1 3 1
Tooling 5 1100 | 60 9 9 |9 |3 1 9 9 13 |3 |9
Assembly line 3 1100 | 80 3 19 1 1 3 1 3 1 3 1
Testing and qualification 1 100 | 50 1 9 9 9 1 9 9 9 3 1

Table 9.2 The Numerical Shape of PERFORM Matrix
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9.4 Analysis

Results and Conclusions

Selected analysis graphs from each measure are presented in this section.
These measures were introduced in Chapter 06 of this thesis.

9.4.1 Measure 1: REM

The resource effectiveness measure of the technique was applied through the
matrix across the overall goal for individual resources to obtain the graphs shown
in Fig. 9.2 — 9.6. It can be seen that 45 is the highest ranking amongst the

effectiveness values.

Resources with Highest
Effectiveness Rating (45)

Technical
Feasibility

Quality Standard
(MBK)

Communication

Technical team meetings

MBK group support

X [ X

Expertise

Hydraulics

Pump design

Flow induced vibrations

CAD/CAM

Documentation

After sales service

XXX [X[X[X

Management

Team management

Knowledge management

X[ X

COMET

QMS

LCM

XXX

SCM

x

IT Systems

Hardware

CAD Software

x| X

ERP Software

TDP

x

XX

Manufacturing

Foundry

CNC group

x| X

Conventional group

Tooling

XXX [X

Assembly line

Testing and qualification

XXX |

X

Table 9.3 Resources Having Highest Effectiveness as per REM on Individual

Goals
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Table 9.3 shows the parameters which attain the highest ranking of 45 against
the organizational performance standards. An ‘X’ has been placed in front of the
resources which affect the goals to the highest level. It can be easily seen that
the Technical Feasibility and Quality Standard (MBK) are affected the most
through resources. This shows the effectiveness and importance of the
measures with respect to the predefined goals of the organization.

Effect

REM : Effect of Individual Communication Resources

50
40 -
30 A
20
10
o |- | —— ﬂM,L ;I:LJ:L:LJ:I:L
1 2 3 4 5 6 7 8 9 10
O Technical Team Meetings 3 45 1 3 9 27 5 1 9 3
® Product Brochures 3 5 1 3 3 3 5 9 3 9
0O MBK Group Support 1 45 1 9 3 3 15 9 3 3

Goal Number

Figure 9.2 REM: Effect of Individual Communication Resources

REM : Effect of Individual Expertise Resources

50
45 A 1
40 H
35
30 A
5
£ 25 A
]
20 H
15 1
10
0 1
1 2 3 4 5 6 7 8 9 10
O Hydraulics 3 45 1 27 9 27 15 1 3 1
B Pump Design 3 45 3 27 9 27 15 1 3 1
O Flow Induced Vibrations | 3 45 1 27 9 27 15 1 3 1
O CAD / CAM 9 45 3 27 9 27 15 9 9 1
B Project Management 1 15 3 9 27 27 5 9 27 3
O Risk Management 1 15 3 9 27 27 5 9 27 9
B Documentation 3 45 1 9 9 3 45 9 9 1
O After Sales Services 3 45 1 27 3 3 45 9 3 9

Goal Number

Figure 9.3 REM: Effect of Individual Expertise Resources
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REM : Effect of Individual Management Resources

50

45

40

35 4
30 ~

25 4

Effect

20 §
15 4

10

5
I LlIﬂH , J} il T]: ﬂﬂﬂ
1 2 3 4 5 6 7 8 9 10
@ Team Management 3 45 1 9 9 27 5 1 27 9
B Knowledge Management 1 45 3 3 9 9 5 1 9 9
O COMET 1 5 1 9 27 27 45 1 27 1
oQMs 1 15 1 27 3 27 45 9 3 9
ELCM 1 5 3 3 9 27 45 9 3 1
O SCM 3 45 3 27 9 27 5 1 27 9

Goal Number

Figure 9.4 REM: Effect of Individual Management Resources

REM : Effect of Individual IT Systems Resources
50
40
= 30
51_)
w 20
10
] Sl ]
1 2 3 4 5 6 7 8 9 10
@ Hardware 9 45 1 3 9 27 5 3 3 1
B CAD Software | 9 45 3 9 27 27 5 1 9 1
OERP Software | 1 5 3 9 27 27 45 1 9 9
0 TDP 3 45 1 27 9 3 45 9 3 1
Goal Number

Figure 9.5 REM: Effect of Individual IT Systems Resources
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REM : Effect of Individual Manufacturing Resources

50
40 -
g 30
£ 2 |
10 +
o e WA ol Il 1] [
1 2 3 4 5 6 7 8 9 10
O Foundry 9 45 3 3 9 9 45 1 9 1
@ CNC group 9 45 9 3 9 9 45 1 9 3
O Conventional group 1 15 1 3 9 3 45 1 9 1
O Tooling 9 45 9 9 3 27 45 3 9 9
B Assembly line 3 45 1 3 9 3 15 1 9 1
O Testing and qualification 1 45 9 27 3 27 45 9 9 1
Goal Number

Figure 9.6 REM: Effect of Individual Manufacturing Resources

9.4.2 Measure 2: AM1

This measure compares the effectiveness of separate resources against the
overall goal of the enterprise. The results of the calculations are shown in the
form of a graph in Fig. 9.7. It can be easily seen that the testing and qualification
of the equipment to conform the quality standards as specified by the MbK has
gained the highest ranking of 176, whereas the tooling used in the manufacturing
of the product has gained the rating of 168. Moreover, the CAD / CAM facility of
the organization has gained the highest ranking in the expertise resource group.

This measure can be used to identify the individual resource which is contributing
the maximum to the overall goal of the organization. It proves helpful in
increasing, managing and effectively utilizing the most effective resource as
identified by this measure. Moreover, the management can pull this resource for
maximum output so that maximum performance can be achieved. Optimization of
the resource utilization may be required if it is desired to maximize more than one
resource.
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\eue

Effect of Individual Resources on the Overall Goal

200
180
160 —
140 — 1 —
120 [
100 [
80 1 —
60 —
40 +— -
20 -+ —
(o]
@ Technical team meetings 106
B Product brochures 44
OO0 MBK group support 92
O Hydraulics 132
B Pump design 134
@ Flow induced vibrations 132
m CAD /CAM 154
O Project management 126
M Risk management 132
B Documentation 134
O After sales service 148
0 Team management 136
B Knowledge management 94
m COMET 144
m QMS 140
ELCM 106
mSsCM 156
O Hardware 106
O CAD Software 136
O ERP Software 136
O TDP 146
O Foundry 134
3 CNC group 142
O Conventional group 88
W Tooling 168
@ Assemblyv line 90

Resources

Figure 9.7 Effect of Individual Resources on Overall Goal
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9.4.3 Measure 3: AM 2

Results and Conclusions

This measure shows the effectiveness of individual resource groups on the
individual goals i.e. the resources are viewed here as resource groups whereas
the goals are considered as individual goals. Individual resource elements of the
resource groups and their effect can also be observed in the graphs. The results
of the measures are presented in Figs. 9.8 — 9.12. The total impact as per this
measure is also shown in Fig. 9.13.

90

100 +

Communication

80

60

70

50

Effect

40 -

30 A
\‘_‘
10 - \/—/
0
2 3 4 5 6 7 8 9 10
—e— Communication 95 3 15 15 33 25 19 15 15
Goal Number

Figure 9.8 Effect of Communication Resource Group on Individual Goals

160

IT Systems

140 -
120 -
100 -
80

Effect

60

40

20 ‘/ \ \ A
— ~
0
1 2 3 4 5 6 7 8 9 10
—e—IT Systems 22 140 8 48 72 84 100 14 24 12

Goal Number

Figure 9.9 Effect of IT Systems Resource Group on Individual Goals
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350

300

250

200

Effect

150

Expertise

100
50
0
1 2 3 4 5 6 7 8 9 10
‘—0— Expertise| 26 300 16 162 102 168 160 48 84 26
Goal Number

Figure 9.10 Effect of Expertise Resource Group on Individual Goals

Effect

Manufacturing

1 2 3 4 5 6 7 8 9 10
‘—o— Manufacturing | 32 240 32 48 42 78 240 16 54 16
Goal Number

Figure 9.11 Effect of Manufacturing Resource Group on Individual Goals
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Management

M
o [N~ VN

Y —

0

Effect

-
N
w
~

5 6 7 8 9 10

| —+—Management| 10 | 160 | 12 | 78 | 66 | 144 | 150 | 22 | 9% | 38
Goal Number

Figure 9.12 Effect of Management Resource Group on Individual Goals

Total
1800
1600 2
1400 -
1200
© 1000 -
2
i 800 -
600 -
400 A\
200 / \ N \
¢ ¥
0
1 2 3 4 5 6 7 8 9 10
—e—Total | 162 1630 110 654 552 936 1110 222 492 198
Goal Number

Figure 9.13 Effect of Total Resources on Individual Goals

The trends of Figs. 9.8 — 9.12 shows that the goal Technical Feasibility is the
most affected aspect by each resource group. The management may consider
revising the resource allocation through this measure so as to shift the overall
impact of the resource groups to another goal. Fig. 9.13 supplements the fact
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that goal number 2 is the most affected by the overall resources by obtaining
1630 rating. Goal number 7 stands second by obtaining 1110 grade.

944 Measure4: AM3

This measure shows the effectiveness of the resource groups on the overall goal.
The results of this calculation are shown in the form of a graph in Fig. 9.14. It can
be easily seen that the resource group number 2 i.e. Expertise has the maximum
affect on the overall goal. The expertise of the company has indeed put in the
place where it stands today. The effectiveness of the expertise is far higher than
any of the resource groups. The management can again pull the same resource
group to obtain even more effectives or attention may be diverted to the resource
groups presenting less outputs. This is the last measure of the AM group.

Effects of Resource Groups on Overall Goal

1200

1000

800

600

Effect

400

200

0

1 2 3 4 5
@ Overall Goal 242 1092 776 524 798
Resource Group

Figure 9.14 Effects of Resource Groups on Overall Goal

945 Measure5: 1M1

This measure provides the difference between the actual and potential
effectiveness to identify the room and impact of improvement after the
exploitation of resources to the potential level and the resources when used in
original (cost, manpower etc) to do so. The mentioned difference is calculated for
each individual resource group for each goal. The results are shown in Figs. 9.15
-9.19.
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Scope of Improvement in Effectivenes of Individual Communication Resource Group Elements

1600
1400
1200
1000

800

Effect

600

400

200

0

1 2 3 4 5 6 7 8 9 10
@ Technical team meetings 60 900 20 60 180 540 100 20 180 60
B Product brochures 90 150 30 90 90 90 150 270 90 270
O MBK group support 70 30 1350 30 270 90 90 450 270 90
Goal Number

Figure 9.15 Scope of Improvement in Effectiveness of Individual Communications

Resource Group Elements

Scope of Improvement in Effectivenes of Individual Expertise Resource Group Elements

2500

2000

1500

Effect

1000

500

1 2 3 4 5 6 7 8 9 10
O Hydraulics 120 1800 40 1080 360 1080 600 40 120 40
B Pump design 90 1350 90 810 270 810 450 30 90 30
O Flow induced vibrations 150 2250 50 1350 450 1350 750 50 150 50
0 CAD/ CAM 270 1350 90 810 270 810 450 270 270 30
H Project management 30 450 90 270 810 810 150 270 810 90
I Risk management 40 600 120 360 1080 1080 200 360 1080 360
B Documentation 120 1800 40 360 360 120 1800 360 360 40
0 After sales service 90 1350 30 810 90 920 1350 270 90 270

Goal Number

Figure 9.16 Scope of Improvement in Effectiveness of Individual Expertise

Resource Group Elements
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Scope of Improvement in Effectivenes of Individual Management Resource Group Elements

3000

2500

2000

Effect

1500

1000

500

1 2 3 4 5 6 7 8 9 10
@ Team management 90 1350 30 270 270 2700 150 30 810 270
B Knowledge management 30 1350 90 90 270 270 150 30 270 270
O COMET 10 50 10 20 270 270 450 10 270 10
oQMms 50 750 50 1350 150 1350 2250 450 150 450
HLCM 50 250 150 150 450 1350 2250 450 150 50
O SCM 60 900 60 540 180 540 100 20 540 180

Goal Number

Figure 9.17 Scope of Improvement in Effectiveness of Individual Management
Resource Group Elements

Scope of Improvement in Effectivenes of Individual IT Systems Resource Group Elements
2000
1800
1600
1400

1200

S
2 1000
w
800
600
400
200
0
1 2 3 4 5 6 7 8 9 10
O Hardware 90 450 10 30 920 270 50 30 30 10
B CAD Software 210 1350 90 210 810 810 150 30 270 30
O ERP Software 10 50 30 90 270 270 450 10 90 90
O TDP 120 1800 40 1080 360 120 1800 360 120 40
Goal Number

Figure 9.18 Scope of Improvement in Effectiveness of Individual IT Systems
Resource Group Elements
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Scope of Improvement in Effectivenes of Individual Manufacturing Resource Group Elements

2500

2000 1

1500 !

Effect

1000 A

500 mlm !

WO L

1 2 3 4 5 6 7 8 9 10
@ Foundry 450 2250 150 150 450 450 2250 50 450 50
B CNC group 360 1800 360 120 360 360 1800 40 360 120
0 Conventional group 30 1350 30 90 270 90 1350 30 270 30
O Tooling 360 1800 360 360 120 1080 1800 120 360 360
B Assembly line 60 900 20 60 180 60 300 20 180 20
[ Testing and qualification 50 2250 450 1350 150 1350 2250 9 450 50

Goal Number

Figure 9.19 Scope of Improvement in Effectiveness of Individual Manufacturing
Resource Group Elements

The results of this measure are summarized in Table 9.4. It can be seen that
although the Expertise and Manufacturing groups contributed highest towards
the overall goal as per AMs, most room of improvement is present in them. Flow
induced vibrations, Foundry and Testing & qualification have the highest value
for improvement, with respect to goals 2 & 7.

S. No. | Resource Individual Resource With respect to Value
Group Name Name Goal Number
1. Communications | MbK 3 1350
2. Expertise Flow induced vibrations 2 2250
3. Management Team management 6 2700
4. IT Systems TDP 2&7 1800
5. Manufacturing Foundry and Testing & 2&7 2250
qualification

Table 9.4 Room for Improvement in Individual Resources With Respect to
Individual Goals

155



Chapter 9 Results and Conclusions

9.4.6 Measure 6:IM 2

This measure presents the difference between the potential and actual
effectiveness and identifies the room for improvement with reference to a specific
resource in relation to a higher level goal and hence cost of improvement can be
calculated. This is a very useful measure as it gives the overall picture of the
process to the enterprise. The results of this calculation are shown in Fig. 9.20. It
can be seen that the highest room for improvement is in the resource number 27
i.e. Testing and qualification, the value being 8800. This also shows the strongest
potential area for improvement i.e., resource number 18. Management gets a
clear view of the room of improvement for each resource in this graph.
Optimization is again suggested if it is desired to improve more than one
resource.

Scope of Improvement in Resource Groups with respect to the Overall Goal

10000

9000

|
. |
) A A
N A A RN
N YW YA
e/ NERVAY |

1000

Effect

0
1123456789101 [12(13[14|15|16|17 |18 1920 |21 (22|23 |24 25|26 |27

—+—Overall Goal | 212|132 | 276|528 | 402 | 660 | 462 | 378 | 528 | 536 | 444 | 597 | 282 | 144|700 | 530 | 312 | 106 |408 | 136 | 584 | 670 | 568 | 354 | 672|180 | 880
Resource Group Number

Figure 9.20 Scope of Improvement in Resource Groups with respect to the Overall
Goal
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9.4.7 Measure7: 1M 3

This measure provides the difference between the potential and actual
effectiveness and identifies room for improvement with reference to a resource
group in relation to a specific goal and hence cost of improvement can be
calculated. The results of this calculation are depicted in Fig. 9.21. The graph
shows that the highest scope of improvement is present in resource group
number 2 i.e. Expertise. Measure 8 is omitted in the following text as the results
provided by it are also integrated in this graph for the sake of simplicity.

Scope of Improvement in Resource Groups with respect to Individual Goals

35000

30000
25000 A

20000 A

15000
10000 N \
5000 \/ \‘//\\

0

Effect

1 2 3 4 5 6 7 8 9 10
—+— Series1 3180 32000 2560 12360 8700 18210 24000 3899 8100 3360
Resource Group Number

Figure 9.21 Scope of Improvement in Overall Resource Groups with respect to
Individual Goals

9.4.8 Measure 9: Rol

This final measure provides Rol which is targeted to provide an indication of the
return (in terms of increased effectiveness) from the investment of resources
(time, money, people etc.) to further exploit a resource. The measure is defined
only for higher level goals as resources target to accomplish many goals at a
single time. The results of this calculation are shown in Figs. 9.22 — 9.26.
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Rol for Individual Elements of Communication Resource Group
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Figure 9.22 Rol for Individual Elements of Communication Resource Group
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Figure 9.23 Rol for Individual Elements of Expertise Resource Group
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Figure 9.24 Rol for Individual Elements of Management Resource Group
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Rol for Individual Elements of Manufacturing Resource Group
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Figure 9.26 Rol for Individual Elements of Manufacturing Resource Group

The results indicate that the highest Rol will be delivered through the
improvement of resource elements both from manufacturing resource group,
namely, Foundry and Tooling. The management can introduce new technologies
and practices in the reference areas for gaining the maximum Rol in these two
fields.

9.5 Recommendations

The management was asked to observe the trends of the graphs and values and
come up to a consensus about the parameters which they want to improve. It
was decided that at least one resource from each resource group will be selected
for further improvement. Following recommendations were finally concluded
based upon the results presented in the previous section.

a. Measure 1: This measure shows that the resources of the company are
primarily contributing towards two goals namely Technical Feasibility and
Quality Standards (MbK). When these two goals are considered, there are
some resources that contribute towards both of them. These resources
are as under.

i. Documentation

ii. After Sales Service
iii. Technical Data Pack
iv. Foundry
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v. CNC Group
vi. Tooling, and
vii. Testing and Qualification

It was therefore decided that these resources will be further utilized and
explored to gain further competitive advantage towards the respective two
goals. It was further observed that documentation and manufacturing were
two major contributing resources.

. Measure 2: According to this measure, again the Testing and Qualification

of the products has gained the highest ranking and Tooling has gained the
second highest ranking. This measure supplements the fact that measure
1 has pointed out. Moreover this measure has also pointed out that these
two resources, while contributing to the goals as pointed out above, also
contribute toward the overall goal. So the management was agreed to put
further attention to these two resources.

i. Tooling, and

ii. Testing and Qualification

. Measure 3: This measure also supplements the fact that the company’s

prime goals are the same as pointed out by measure 1, namely, Technical
Feasibility and Quality Standards (MbK). That is why the resources utilized
by the company, as pointed out by this measure; contribute mainly to
these two goals thereby gaining the two highest rankings 1630 and 1110.
It was decided that while maintaining these two goals important, the goal
of Forming Relation will also be addressed in the context of customer
satisfaction and reputation.

. Measure 4: This measure shows that the resource group two i.e. Expertise

has the highest ranking in contributing towards the overall goal. The
Manufacturing resource group has the second rating. It was decided that
while maintaining these two resource groups, the Communications
resource group will be improved, being the lowest.

. Measure 5: This measure shows that the highest room for improvement

with respect to individual goals is present in Team Management with
respect to the goal Meet Performance Targets. It is also noted that the
highest ranking room for improvement is present in the manufacturing
resource group, thereby complementing the result pointed out by measure
1. It was therefore decided that TDP, Foundry and Testing and
Qualification, being also selected by measures defined before, will be
addressed for further exploitation.

Measure 6: This measure again identifies the greatest room for
improvement in the resource Testing and Qualification for the overall goal.
This again supplements the identification provided by measure 5. It was
thus decided that major focus will be on Testing and Qualification for
further improvement.

. Measure 7: Expertise is identified as the resource group which has the

greatest room for improvement. It was therefore decided that Expertise will
be taken as a whole for further exploitation and improvement.
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h. Measure 9: The greatest Rol can be obtained through investment in
Foundry and Tooling. Foundry was also identified by measure 5. It was
thus decided that maximum investment will be provided in Foundry and in
Tooling on second number.

It can be observed that in the above session many similarities are found
throughout. This further certifies the authenticity of the analysis presented by the
approach.
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