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ABSTRACT

DEVELOPMENT OF A TOOL MANAGEMENT SYSTEM FOR A JOB
SHOP

Budak, Basar
M. Sc., Department of Mechanical Engineering
Supervisor: Prof. Dr. S. Engin Kilig

August 2003, 138 pages

A tool management system for a job shop was developed in this study. The system
is based on the rules of the plant of Tlrk Traktor ve Ziraat Makineleri A.S. in
Ankara. An object-oriented methodology was used during the system
development.  Unified Modeling Language (UML), which is the standard
diagramming notation for object-oriented development, is used to model the
system. Entity-Relation (E-R) modeling is used during the construction of the
database. System was developed using three-tiered Microsoft Windows
Distributed Internet Applications (DNA) Architecture. Microsoft Visual Basic 6.0
and Visua InterDev 6.0, which are the members of Microsoft Visua Studio 6.0
were used as programming tools. Internet Information Server was used as web
server and Microsoft Transaction Server was used as object broker. Microsoft
SQL Server was used as database server.

Software was developed in three modules. gage-fixture, cutting tool-tool holder
and tool requirement plan modules. Gage-fixture module tracks the location of
measuring equipment, fixture and fixture assemblies; keeps the related data about

these tools and manage calibration of the measuring equipments. Cutting tool-tool



holder module tracks the issue and return of cutting tools and tool holders;
sharpening of cutting tools;, keeps the related data about these tools. Tool
requirement plan module tracks the purchase orders and cutting tool receivings
from vendors; prepares tool requirement plan and suggests purchase orders

according to the requirement calculation.

Keywords: Tool Management, Tool Requirement Planning, Manufacturing
Systems Modeling, Distributed Internet Application, DNA for Manufacturing,
Manufacturing Execution Systems, Unified Modeling Language
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ATELYE TIPI ISLETMELER ICIN TAKIM YONETIM SISTEMI
GELISTIRILMES

Budak, Basar
Y Uksek Lisans, Makine Mhendidligi Boélimu
Tez Yoneticisi: Prof. Dr. S. Engin Kilig

Agustos 2003, 138 sayfa

Bu calismada kiglk ve orta olgekli idetmeler icin bir takim ybnetim sistemi
geligtiriimigtir. Sistem Ankara Turk Traktér ve Ziraat Makineleri A.S.
fabrikasindaki kuralar temel alinarak gelistirilmistir. Sistemin gelistirilme
safhasinda nesne yonelimli bir yontembilim kullanilmistir. Sistem modellenmesi
nesne yoneimli sistem gelistiriimesinin standart semalandirma notasyonu olan
UML ile yapilmistir. Veritabaninin olusturuimasinda E-R  modelleme
kullanilmistir. Sistem G¢ katmanli Microsoft Windows DNA mimarisi (zerine
kurulmustur. Programlama Microsoft Visual Studio 6.0'in tyeleri olan Microsoft
Visua Basic 6.0 ve Microsoft Visua InterDev 6.0 ile yapilmistir. Internet
Information Server ag sunucusu olarak, Microsoft Transaction Server nesne
sunucusu olarak kullanilmistir. Veritabani sunucusu olarak Microsoft SQL Server

kullanilmistir.

Yazilim U¢ modul olarak gelistirilmistir: 6lgme aleti-baglama aparati, kesici
takim-takim tutucu ve takim ihtiyag planlamasi modiilleri. Olgme aleti-baglama
aparati modul, 6lcme aleti, baglama aparati ve baglama aparati assemblelerinin

yerlerinin takibi, bu aetlerle ilgili verilerin tutuimasi ve o6lgme aetlerinin



kalibrasyon islemlerinin yonetimi icin olusturulmustur. Kesici takim-takim tutucu
modull, kesici takimlarin ve takim tutucularin idetmeye dagitimi ve geri
toplanmasi, kesici takimlarin bileylenmesi ve bu takimlarla ilgili verilerin
tutulmas icin tasarlanmistir. Takim ihtiyag planlamass modili, satin ama
emirlerinin ve kesici takim aimlarinin takibi, takim ihtiyag planlamasinin

hazirlanmasi ve bu plana gore satin ama emirleri dnerilmes iderini Ustlenir.
Anahtar kelimeler: Takim Yonetimi, Takim lhtiyagc Planlamasi, Imalat Sistem

Modellemesi, Dagitik Internet Uygulamalari, Imalat icin DNA, Imalat Kontrol
Sistemleri, Birlesk Modelleme Dili

Vi



To My Family

Vil



ACKNOWLEDGMENTS

| would like to express my gratefulness and appreciation to my supervisor
Prof. Dr. S. Engin Kilic for his guidance throughout the completion of this thesis.
Also thanks go to Prof. Dr. Omer Anlagan for his encouragement about the study.

| am also indebted to my colleagues Y usuf Basibiyik, Burak Sari, Umut
Durak, Saleh Amaitik, Murat Akalp, Erhan Ozslier, Fatih Sari and Boran Alatasin
Integrated Manufacturing Technologies Research Group (IMTRG) for their
endless support all through this hard work.

| am grateful to Tolga Taskin in Turk Traktor plant who aways welcomed
me and helped during my thesis study.

Finaly, my greatest thanks go to my parents who shaped me with their

never ending patience.

viii



TABLE OF CONTENTS

ABSTRACT ettt a e st e s ae e e ne e nae e eare e i

O Z ettt ettt ettt a ettt ettt sttt an s v

ACKNOWLEDGEMENTS ...t Viii

TABLE OF CONTENTS ...ttt sttt iX

LIST OF FIGURES. .......ooo ottt ettt tee st e sae e e eenneeans Xii
CHAPTER

L INTRODUCTION .....ccitiiiiiesiestesiesteeeeeeseesee e ssessessesse e seseessensessessessessessens 1

L1 DEfNItION Of CIM ..o 1

1.5 Tool Management CONCEPL .........ccceeveriiieeiie e 1

1.6 SCOPE ...ttt 4

2. LITERATURE SURVEY ..ottt s 6

2.1 Tool Management SYSIEIMS .......cooerereeieesese s 6

2.1.2 Modern Tool Management SyStems..........cccccvveereereeseesieeseesnenns 6

2.1.2.1 Modern Tool Management OULIiNe...........ccccoeverenerencnnns 7

2.1.2.2 Effectiveness of Tool Management Systems...........ccce.... 8

2.1.2.3 Modern Tool Management Systemsin Literature............... 8

2.2 Basic Characteristics of Object-Oriented Systems.......cccocceveeeveeveenen. 14

2.3 Unified Modeling Language (UML) ......cccooovicieiieceeee e, 15

2.3.1UML Use Case Diagrams.........ccceerererenenenieeneeseesee s 16

2.3.2 UML Static Structure Diagrams. Class and Object Diagrams... 17
2.3.3 UML Interaction Diagrams. Sequence and Collaboration

(D=0 = 1 0TSSR 21
2.3.4 UML State Diagrams. State and Activity Diagrams.................. 22
2.3.5 UML Implementation Diagrams. Package, Component, and
Deployment DIiagramsS........ccceeiieeieeiie e 24
2.4 Entity-Relation Diagrams..........cceoveeereeiesie e cse e eee e 26



2.5 Client/Server Architecture and TEMS ....oeeeeee e oo 26

2.5.1 Two-Tier Client/Server Architecture ...........ccoocveveneeinncenennnns 27

2.5.2 Three-Tier Client/Server ArchiteCture .........ccoceveverenenesennenn 27

2.6 Microsoft® Windows® Distributed interNet Applications (DNA)

N 1= (1 RSSO 28

2.6.1 Component Object Model (COM)/Distributed Component Object

1Y/ Koe 1= I (1@ 1 S 30

2.6.2 Microsoft Transaction Server (MTS) .....ooveveeveceenecce e, 32

2.6.3 MiCrosoft SQL SEIVEY ......cccevieiieieniesie e 33

2.6.4 Internet INfOrmation SEIVEY .........cccvevereninienere e 33

2.6.5ViSUal SEUAIO .....coeeieiiieeiece e 34

3. SYSTEM DEVELOPMENT ...ttt s 36

G @Y VL= T PSR 36

3.2 Requirement ANAYSIS .....coereririeieeese e 37

3.3 Analysisand Design PhaseS.........cccoevieeiiee e s 39

B3 LERMOUE ...t 45

3.3.2 AuthentiCation SLIUCIUIE..........ccevuererereseseseees e 48

3.3.3Web SIte DIiagraimM .....cc.ceueeueeieieiesiesie st 50

3.4 System Implementation............ccceeceeeeieeieeiee e 52

34.1 DataTier Implementation..........ccccoeverenerenienieeeerese e 53

3.4.2 Business Tier Implemerntation............cccccveceveeneeieeseesesceeseenee 54

3.4.3 Client Tier Implementation...........ccccceeveeiieeieesiiecsie e 59

4. TOOL MANAGEMENT SYSTEM OF IMTRG......cccceoirieerenieeeesie e 62

A1 OVEIVIEIW ..ottt sttt st sbe et e e e b e be et e saeenneennans 62

4.2 Gage-FixXture MOTUIE ..........coviirieieeeere s 63

4.3 Cutting Tool-Tool Holder Module ...........coveeeiieiieeceecece e 66

4.4 Tool Requirement Plan ModUle ..o 70

5. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 73

REFERENCES ........ooo ettt st e e e nne e sneeeens 7
APPENDICES

A. UML DIAGRAMS . ...ttt sttt e ene e 85

A. 1 USE Case DIAQramS......ccccverieeeeieerieeeeseesieseesseesseseesseessesessseessessens 85



A.2 ACHIVILY DIGQraMS......cceeceeeieceecieesieeee st este e se e e e teeee e e sne e 87

A.3SequENCE DIagramsS ......cc.eeveiiiieiie et 89
A.4 Collaboration Diagrams..........ceevereeieeseeseeeeseeseeeeseeseeseesseesseseens 97
A5 Class DIagramM........cccueiiieiie ettt s nneas 102
A6 Package DiagraM.......cccooerererinieieerie e 102
A.7 Component DIagramS........c.ecieeiieiiiee et sneas 102
A.8 Deployment DIagram ........ccoeverereeiieriesesie st 103
B. USERS MANUAL ..ottt sttt 104

Xi



LIST OF FIGURES

FIGURES

2.1 The Effect of Tool Control on Inventory and Purchasing [13] ..........cccccoeeene 13
2.2 Notation for Use Case Diagram ......cccccceeeeiieeieieeseese e sse s 17
2.3 NOAiON FOr ClASSES.....cceiieieieeee et 17
2.4 NOtation fOr @ ASSOCIALTON. .....ccueivirrirerieieeerie ettt s sre e 18
2.5 Notation for Multiplicity Of ASSOCIALION........ccceeveeiiieiiecie e 18
2.6 Notation for GeneraliZatioN...........ccovvererieereeie e seese e ee e e e ees 19
2.7 Notation for AQQregation..........cccccveiieiieeiie e 19
2.8 Notation for COMPOSITION.........cciiiririeiieieeeee et 19
2.9 Notation for a Constraint and for NOES..........cccvvverenirienieiree e 20
2.10 Notation fOr OBJECES........coiiiierereree e 20
2.11 Notation for a Sequence Diagram..........ccccveveieereeiesiee e 22
2.12 Notation for Collaboration Diagram ..........ccccceeeereeienieeneene e 22
2.13 Notation for State Diagrams........ccccceeceeeereereseeseese e ese e esee e sseees 23
2.14 Notation for ACtiVity DIagrams.........ccccceeieeiiieeiie e see e 24
2.15 Notation for Package Diagrams..........ccceceveerenieeneese e ese e enee e 25
2.16 Notation for Component DIagramsS.........cccevieeieeiieesee s esee e 25
2.17 Notation for Deployment Diagrams.........ccceverererenereneseeeeseesee e 26
2.18 Two-Tier Client/Server Architecture [19] ........cccovvevvvieviece e, 28
2.19 Three-Tier Client/Server ArchiteCture [19] .......ccccoveverereniereesese e 28
2.20 WIindows DNA ArChItECIUNE ........cceviririeieiesiesie et 29
2.21 Windows DNA for Manufacturing [21] .........cccceeerinenenieeeeeeeseesesiesieniene 30
2.22 Architecture of Microsoft’s Enterprise Development Strategy [19] ............. 32
3.1 Development ROad Map........c.coiiiiiiiiiieciecce ettt 36
3.2 Use Case Diagram of Cutting Tool-Tool Holder Module...........cccccvvevennenee. 38

Xii



3.3 Activity Diagram of “Issue Cutting Tool” Use Case ........cccevveveeveeiieceesveennn. 38

3.4 ClasS DIAgIaM .......cciuiieiieiie ettt sttt re et st e e sbe e s ne e reeenreens 42
3.5 Sequence Diagram of “Issue Cutting Tool” Use Case.......cccccvvvevvereeeenveenn. 42
3.6 Collaboration Diagram of “Issue Cutting Tool” Use Case ........ccccevcveeveeinenns 43
3.7 PaCkage DIiagraM.......cceiuirieieieiesie sttt e 44
3.8 Component Diagram of Client Package..........ccccooveiieiieiiee e 44
3.9 Component Diagram of BUuSINESS PaCkage...........ccoovverenerenieieeesese e 44
3.10 Deployment Diagram.........cccceceeieieesieeieeeesie e s sre e e e s nre e ereeeas 44
3.12 E-R Model of Authentication SETUCLUIE ........c.ooovveerenieneeree e 48
3.13 Database Diagram of Authentication Structure............cccecevveveveeseeceeseenne. 49
TV oIS (=l DI F=o =0 [T 52
3.15 Tool Management Database Diagram..........ccceceveereeieseenesieseeseesessseeens 54
3.16 Design View of CTTHToolMng Modulein Visual Basic 6.0 IDE............... 55
3.17 MTS View of Tool Management SyStem.........cccoovverenenenenieenenee s 59
3.18 Design View of CTTHClientToolMng Project in Visua InterDev .............. 60
3.1911SView of Tool Management SyStem..........ccooerererenenenieeieesese e 61
4.1 C/UID FIXEUrE PAQE ..ottt ettt s 63
4.2 Search Fixture Assembly Page........cccooieiieiieerereeee s 64
4.3 Search Measuring EqQUipment Page..........cccoeveieeieceesecee e 65
4.4 Search Calibration INformation Page .........cccceverieriinenie e 66
4.5 Search Cutting TOOI Page ........ccoeeiieiiereee s 67
4.6 Search Used Cutting TOOl Page.........ccoiveiiiiiieiie et 68
4.7 Sharpen Cutting TOOI Page..........ccccivieeiieie et 69
4.8 15U TOOI HOIAEN PAJE ......oeoceieciee ettt 70
4.9 Requirement Plan Page..........coeviiirinieeeesee s 71
4.10 C/U PUrchase Order PagE........cceevueeeeiieee s eie ettt 72
A.1 Use Case Diagram of Tool Requirement Plan Module............ccocoveninennenee. 85
A.2 Use Case Diagram of Cutting Tool-Tool Holder Module.............ccccoveueneene. 86
A.3 Use Case Diagram of Gage-Fixture Module ...........cccoceevvreenenieneeneeiene 86
A.4 Activity Diagram of Cutting TOOI ISSUE.........ccceevereericie e 87
A.6 Activity Diagram of Requirement Plan RuN ............cccoevieiieevie e, 88
A.7 Activity Diagram of Cutting Tool REtUN..........cccooveveeveceeceee e 89

Xiii



A.8 Sequence Diagram of Fixture Assembly Creation.........ccccccevveverceeieeciennenne, 89

A.9 Sequence Diagram of Fixture Assembly Deletion..........cccccceeveeiineieecieeen, 90
A.10 Sequence Diagram of Fixture Creation..........ccccveeveevesieeseese e eee s 90
A.11 Sequence Diagram of Fixture Deletion............cccoevvviieeiiniiicnie e 90
A.12 Sequence Diagram of Measuring Equipment Creation...........ccccoeevevereenne. 91
A.13 Sequence Diagram of Measuring Equipment Deletion............cccccceeveeinene 91
A.14 Sequence Diagram of Cutting Tool Receiving from Vendors............cc....... 91
A.15 Sequence Diagram of Cutting Tool ISSUE........cccceeeeveevieiiececc e 92
A.16 Sequence Diagram of Cutting TOOl REtUMN...........ccceveririerieieeesese e 92
A.17 Sequence Diagram of Purchase Order Creation...........cccceeveevesieesveesiesneenns 93
A.18 Sequence Diagram of Purchase Order Update...........cooerveeieeieenenereneniene 93
A.19 Sequence Diagram of Purchase Order Deletion..........cccccceveevenceeseciinnnene 93
A.20 Sequence Diagram of Part Deletion..........cccoocveveiieecie s, 94
A.21 Sequence Diagram of Measuring Equipment Movement...........ccoccvceveneenee. 94
A.22 Sequence Diagram of Fixture Assembly Movement...........cccocoveieevieeinenns 94
A.23 Sequence Diagram of Sending to Sharpening ROOM..........cccccovvvevinenienne. 95
A.24 Sequence Diagram of Return from Sharpening RooOm...........ccccccevveiieeneee. 95
A.25 Sequence Diagram of Sharpening of Cutting TOOIS.........ccccceverinerincniene. 96
A.26 Sequence Diagram of Tool Holder ISSUE..........cccveeeveevieceeiece e 96
A.27 Sequence Diagram of Tool Holder REtUrN...........cooeveiiieeicieccee e 97
A.28 Collaboration Diagram of Fixture Assembly Creation............cccceevveveernnnne. 97
A.29 Collaboration Diagram of Fixture Assembly Deletion............ccccoveveeeneneen. 97
A.30 Collaboration Diagram of Fixture Creation...........cccocveveveeveeresieeseeseesnenns 98
A.31 Collaboration Diagram of Fixture Deletion.............ccccveeveeiieiiiecieciieciens 98
A.32 Collaboration Diagram of Measuring Equipment Creation.............cccceeuee... 98
A.33 Collaboration Diagram of Measuring Equipment Deletion......................... 98
A.34 Collaboration Diagram of Cutting Tool Receiving from Vendors............... 99
A.35 Collaboration Diagram of Cutting Tool I1SSUE .........ccceeveveeveeieciececie e 99
A .36 Collaboration Diagram of Cutting Tool Return............cccceeeevenenenenenenne. 99
A.37 Collaboration Diagram of Purchase Order Creation..........cccccecveveeveeiiennnene. 99
A.38 Collaboration Diagram of Purchase Order Update..........ccccoceeevvevireennnnne 100
A.39 Collaboration Diagram of Purchase Order Deletion...........ccccccvevveeecnenee. 100

Xiv



A.40 Collaboration Diagram of Part Deletion...........ccccccveveveevecceevecce e, 100

A.41 Collaboration Diagram of Measuring Equipment Movement .................... 100
A.42 Collaboration Diagram of Fixture Assembly Movement............ccccceeveeee. 100
A.43 Collaboration Diagram of Sending to Sharpening Room.............ccccceve.e. 101
A.44 Collaboration Diagram of Return from Sharpening Room............c.cccueue.. 101
A.45 Collaboration Diagram of Sharpening of Cutting Tool...........cccccecvvenenee. 101
A.46 Collaboration Diagram of Tool Holder ISSUE..........cccererieeieiienineseesieie 101
A.47 Collaboration Diagram of Tool Holder Return...........cccccccvvvevecieceecnenee, 101
A48 ClasS DIBGIaM.......cceiueieieriieiesieeeseee ettt snesne e 102
A.49 Package Diagram.........cccueieeieieese ettt s 102
A.50 Component Diagram of Business Package...........ccoccoeeeieicncnencnescnnne 102
A.51 Component Diagram of Client Package .........cccoovevveveveevn e 103
A.52 Deployment DIagram .........coueeieeiie et 103
B.LLOGINPAJE ..t 104
B.2 WEICOME PAGE ..ottt ere e 105
B.3 C/U/D FIXIUNE PAJE ..ottt 105
B.4 SearCh FIXtUrE€ PAgE ........ocuee ettt 106
B.5 C/U/D Fixture ASSembly Page ... 106
B.6 Move Fixture ASSembly Page........cccovviieiieie e 107
B.7 Search Fixture ASsembly Page ........cccoeieiiiinieeeeeee e 107
B.8 Search Fixture Assembly Movement Page..........cccceeveceveeveececceece e 108
B.9 C/U/D Measuring EqQUIPMENt Page ........coveereriiriereeee e 110
B.10 Move Measuring EQUIPMENt Page.........ccccveveeieneere e 110
B.11 Search Measuring EqQUIpMeNnt Page .........cccceevieiiie i 111
B.12 Search Measuring Equipment Movement Page.........c.cccoevevevenenencneenne. 111
B.13 Update Calibration Information Page............cccoevveveeieieeieeie e 112
B.14 Create/Update Calibration LOg.........cccererierenirineneeeeeeeeee e 112
B.15 Search Calibration Information Page..........ccceeveeveeieveese e 113
B.16 Calibration REPOIM Page ..........ceoeririiieeeiereseree e 113
B.18 C/U Cutting TOOI PagE .......ceiveeieirieie et eee sttt 117
B.19 Search Cutting TOOI Page .........ccceeiiiiiiece et 117
B.20 Search Used Cutting TOOl Page........ccccceveeieeeiiere e 118



B.21 Issue Cutting TOOl Page........ccveieiierie ettt 118

B.22 Search Cutting TOOl [SSUE Page........coeeiieeiieiereee e 119
B.23 Return Cutting TOOI Page ........cccvveeieeie e 119
B.24 Search Cutting ToOl RetUrN Page .........cooovveiieiieciece e 120
B.25 Send To Sharpening ROOM Page .........ccccoiiininineneesee e 120
B.26 Search Sending To Sharpening Page..........ccccevvveiieiiieevee e 121
B.27 Return From Sharpening ROOM Page ..o 121
B.28 Search Return From Sharpening Page.........ccccccevveveiie e 122
B.29 Search Sharpening Rooom Cutting Tool Page ...........ccceceveeieneeneeiinneenne 122
B.30 Sharpen Cutting TOOl Page........ccccveiieiieiierece e 123
B.31 Search Sharpening Page..........ccoeiirieieieiereeeee s 123
B.32 C/U TOOI HOIAEr PAJE .....eoiveeeeeeecteeie ettt 124
B.33 Search Tool Holder Page .........oooveeiieciecece e 124
B.34 Issue ToOl HOldEr Page.........coviiiiiieieeeee e 125
B.35 Search Tool Holder ISsue Page..........cccovvvevieeiieiiie e 125
B.37 Search Tool Holder REIUIN..........cceeiieeceeeceseee e 126
B.38 RUN TRP PAJE........oouiiiiesieicese ettt 127
B.39 Requirement Plan Page.........cocoviriiiiieeeeereeeee s 127
B.40 Single Requirement Plan Page...........ccccevieieeiie i 128
B.41 Suggested PUrchaseS Page ...........ccceeeieierieienie et 128
B.42 Single Suggested PUrchase Page.........ccccvveeieeieneese e 129
B.A3WarNiNG Page.......cociuieiie ettt ettt et 129
B.44 Calendar PagE.........ccccoviieieeiece ettt ee et 130
B.45 C/D Part Page.......ccoceiiiieieeiee sttt 130
B S B = 1 ] e = 131
B.47 C/U/D BOT PaQE......ceiiiiiiieieiesiesiee st st sse st se s 131
B.48 Search Bill of TOOING PagE ........coeiieieieiesee s 132
B.49 C/U/D Schedule EVENt Page.........cccccveieieeieee et 132
B.50 Search Schedul@ Page ..........cooveieiieieceeeeee e 133
B.51 C/U Purchase Order Page .........cceceeiieeie e 133
B.52 Search PUrChase Order .........cooeiiiieeiece e e 134
B.53 Receive Cutting Tool From Vendor ..........ccccvecvveeveeie e 134

XVi



B.54 Search Receiving From Vendor ..........ccccoveeieeieneese e
B.55 CIUID USEN PA0E .....coveieiieiecie sttt sttt s sneenas

XVil



CHAPTER 1

INTRODUCTION

1.1 Definition of CIM

The acronym CIM (Computer Integrated Manufacturing) is used to mean
the integration of business, engineering, manufacturing and management
information that spans company functions from marketing to product distribution
[1]. Integration has become the key word with the effects of expanding global
competition and products of increasing variety and lower demand. All the organs
of the manufacturing enterprise stated in the definition of CIM should be
integrated so that enterprise can be more responsive to the customer demand

variations in the global market.

In many companies, CIM initially concentrates on integrating
manufacturing as a first priority or goal to be achieved. Other functions are then
linked to manufacturing. Thus, manufacturing can be considered as the core of the
CIM. The Computer and Automation Systems Association of Society of
Manufacturing Engineers defined CIM as the integration of the total
manufacturing enterprise through the use of integrated systems and data
communications coupled with new manageria philosophies that improve

organizational and personnel efficiency.

1.5 Tool Management Concept

Tool management as an idea is easy: For maximum manufacturing

productivity, get the right tool to the right machine at the right time to work on

1



any given part number [2]. Hundreds or even thousands of different tool types
may be required in many facilities, and no matter how well jobs are scheduled and
machines run, processing operations can only proceed if the right tools are
available at the right machines at the right times. The importance of tooling can be
seen in the following statistics:
?? 16% of scheduled production time is missed because tooling is not
available.
?? 40-60% of aforeman’stime is spent expediting tools and related materials
?? 7-10 times more money is spent on tools, jigs, etc. than on capita
equipment

?? up to 30% of tool inventories consits of lost tooling.

Additional  tool-related problems include loss of control of tooling,
stockpiling of tools at workstations, increased downtime, employee theft of tools,
and wesaking in the firm’'s competitive position [3]. In order to properly organize
and control tooling, tool management systems are implemented. A tool
management system typically consists of a database for storing tool-related data, a
system for identifying and tracking tools (e.g., barcode), and software for

executing various tool management functions.

Conceptually, tool management can be classified into tool-level, machine-
level, and system-level issues [4]. The tools that are in consideration may be
cutting tools, tool holders, tool adapters, fixtures, molds, dies, gages and any

recycling tools.

At tool level, tool management issues are determination of tool types, feed
rates, and machining speed for a given operation a machine level. At machine
level, the issues are equipment selection, tool/part sguencing on a flexible
machine, tool placement in a magazine, and tool replacement. At system level,
tool management problems arise in master production planning, part-type

selection, machine grouping and loading, machine sguencing and process



monitoring, process planning for ecoromic production rates, spares management,
and tooling inventory management. The desicions made at one level affect the

desicions at other levels, therefore an integrated system is necessary [4].

A number of recent developments in the field of manufacturing systems
engineering have influenced the role and function of Tool Management Systems.
The first and the foremost of these is the Just In Time Manufacturing (JIT). Where
this principle is implemented, tool availability and reliability become critical to
the success of the entire corporation, since the nonavailability due to breakdown
of a tool can directly and immediately endanger the delivery of product to the
customer. The key role of a tool management system under JIT is to ensure the
availability of dl tools when required. A second current development affecting
tool management under CIM is Simultaneous Engineering. This can involve much
shorter timespans for tool design and development, which means that feedback
from the performance of current designs has to be much quicker. Another
influential  concept is Cellular Manufacturing. The role of a tool management
system in a cellular manufacturing system is to control the location and status of
the tools which are distributed to the cells in the factory. Total Quality
Management places more emphasis on the prevention of mistakes rather than their
detection, which gives a tool management system the responsibility of ensuring
that the tool performance is inside tolerances. One of the most important concepts
affecting Tool Management is Total Productive Maintenance. This philosophy
encourages the ownership of facilities and tools by those who use them,
delegating more tasks of maintenance and adjustment to the operator. Here, atool
management system is used as a communication tool between the users of tools
and those who maintain/issue/design them. Lean Manufacturing increased the
essence of the tool management systems by emphasizing importance of
eliminating the waste, which can be interpreted to mean waste of time, space, and
energy and cost. Thus, a tool management system in a state-of-the-art company
has to assist in the minimization of stock levels, maintenance effort, transportation

time, and production delay [5].



A tool management system can be a number of things, depending on the
size of the company and the number of tools that the company has. It can be a
card system, or a barcode system integrated with the badge number control of
workers. It can aso be a mechanical system for cabinet control. Dispensing units
like wending machines can be used. Totally it can be a computerized system that
tracks tools; transacts tool issues, returns, rework orders and results, calibrations
of gages; suggests purchase orders according to the requirement plan calculated
by the software. Computerized tool management systems are available for several
years, which have integrated barcode technology to make their use easier and
faster. Even an active tool tracking system may be developed that monitors tool
movements using embedded miniature battery-powered transmitters, which may
be radio, infrared, ultrasonic or some combination of these. The detector stations
strategically placed in the shop floor can identify the tools and pass the related
tool data to the central computer. Such a system can be effective on the

productivity where high tool losses occur [6].

Here the problem is to define the boundaries of the tool management
system. Many of the solutions mentioned serve a lot for manufacturing
productivity, but the aim is to find the optimum combination for maximum raise
in productivity. The specification and objectives of a tool management system in
an advanced manufacturing environment need to be tailored to the company’s
specific needs [5]. Today, computerized tool manegement systems are used and
being developed in some companies also in Turkey. But, if it is more economical,
necessary modules of a readily available software can be bought rather than

developing it.

1.6 Scope

The scope of this study is to develop a computerized tool management
system. The system is planned to have three main modules. The modules are
gage-fixture, cutting tool-tool holder and tool requirement plan. Three-tier

application architecture is used. Database was developed using Microsoft SQL

4



Server. Microsoft Transaction Server (MTS) is used as object broker and
transaction coordinator. Microsoft Internet Information Server (11S) is used as web
server. All these services are hosted on NT platform. Microsoft Visua Studio is
selected as the development tool suit. Visua Basic is selected for ActiveX
development and Visual InterDev is selected for web site development.



CHAPTER 2

LITERATURE SURVEY

2.1 Tool Management Systems

In this section, tool management systems will be discussed. Modern tool
management systems in the literature will be presented. Information about

traditional tool management systems can be found in the reference [7].

2.1.2 Modern Tool Management Systems

In traditional tool management systems, the tools can be found by
indexing tool cards. Unfortunately, only the tool operators know how to index
these tool cards, but it is impossible to know the tool conditions and status. If the
tools are issued to some workstations, it is hard to track exactly where the tools
are and their conditions. Tools disappear very often, it results in buying new tools
or making house-made tools. Besides, the work piece designers design with
unnecessary geometries that need new tools since they do not have the efficient
tool data about the tools that are available in the factory. All these cause the tool
inventory to become bigger and bigger. Accordingly the investment in tools is
becoming bigger [9].

There are two magjor directions that studies have been carried out. One
direction focuses on tool related decision problems consisting determination of
cutting conditions, tool magazine arrangements, tool store dimensioning, tool
sharing concept, tool allocation, tool flow planning, tool replacement. On the

other hand, studies on improving the integration of the tool management within
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total system are the subjects of the second direction. Rather than the first group,
the second one will be discussed in the following paragraphs since the scope of

this study covers the second one.

2.1.2.1 Modern Tool Management Outline

According to Gray et al [4], tool management broadly requires:

?? A design strategy to coordinate tooling inventory, tool tracking, tool
handling, and tool loading and unloading;

?? A planning strategy to ensure that the appropriate tools are available when
needed and are provided in the right quantities;

?? A scheduling strategy to account for availability and tool changes,

?? A control strategy to coordinate either manual or automatic tool transfers
between machines and tool cribs; and

?? A tool monitoring strategy to identify and react to unexpected tool wear
and breakage.

Rhodes [8] in his paper proposes possible tool management functions as
following:

?? Tool Crib Management: Managing tool crib inventories, order to
vendors, components required for an assembly and kits of tools for
specific operation.

?? Automatic Tool Identification and Tracking: Identification of
individual tools either by barcodes or by newer technologies like solid-
state identification chips.

?? Individual Tool Data Management: Keeping the track of the individual
data of the tools like tool usage, tool offsets etc.

?? Integrated Hierarchical Control: Integrating medium-term planning and
procurement of the enterprise down through kitting to a detailed schedule
and tracking condition on machines.

?? Tool Scheduling: Scheduling of tools according to plant schedule.



2.1.2.2 Effectiveness of Tool Management Systems

Gray et al [4] state that to ensure the quality performance of a tool
management system, a high level of integration is necessary between tooling
capabilities and the other production functions, including process planning,
scheduling, part design, and programming. They point out that an effective, well-
managed information system is necessary to collect and distribute tooling data

across these functions.

O'Brien and Schaefer [5] define effective tool management system as the
system that includes al aspects of information management necessary to ensure
the continued availability of tools for production and to avoid tools to become a
bottleneck to the use of production facilities in the organization. Manufacturing
intelligence techniques give various opportunities for enhancing tool management.
Intelligent decisions are required mainly for the timing and prediction of

maintenance and purchasing.

Kehoe et al [10] state that the effectiveness of the tool management system
increases with the success of the specifications of the requirements. They point
out that importance of effective manufacturing information systems is not met
with the established methods for defining the requirements specifications.
Inherent complexity of the existing information systems, which are often informal
and poorly structured, led to the unsuccessful user-led solutions. Poorly defined
user requirements forced many manufacturing companies to select vendor-led

solutions.

2.1.2.3 Modern Tool Management Systemsin Literature

Severa tool management systems can be found in the literature developed

by either universities or software companies.



TMS-2000 tool management system, which is developed by Stanley-
Vidmar, was bought and implemented by Sherman, one of the 23 manufacturing
facilities of Fisher Control. TMS-2000 is designed to run on DEC PDP 11 and
VAX computer systems, the software uses Digital Equipment’s standard software
tools, including the record management system (RMS) and Datatrieve™™ for report
generation. The modules of the software selected by Fisher were inventory
control, bill of tooling, and purchase information. The inventory control module
provides control of tooling inventory on the shop floor, in the tool crib, and in any
other storage locations. When a tool is issued, whom the tool was issued to and
which machine it was alocated to are recorded by TMS-2000. Bill of tooling
module issues and tracks packages of tools (kits) for a particular part’'s
manufacturing operation, includes creation, editing, and deletion of bill of tools
records, checks the inventory status of each tool or tool assembly required for the

operation prior to scheduling, issues packages or kits to the shop floor [2].

An integrated computer tool management system called ICTMS Version
1.0 has been developed at the Laboratory of Process and Production Engineering
at Technical University of Denmark. The aim of the study was to integrate tool
management system into the CIM cell at the Laboratory and to transfer
technology to Danish industries to improve the tooling activities. The detailed
objectives are listed as following:

?? Tool data is managed by a computer database system in aclient server of a
network.

?? Tool database can be integrated with the production database of the
company.

?? Trackstool conditions and physical locations.

3

Supports the functions of CIM environment.

?? Supports production and process plan to generate time phased tool

requirement list.



?? Supplies tool usage information (which machine or process the tool can be
applied, etc.)

3

Supplies tool assembly information, e.g. what elements are needed to
assemble atool and where they are.

Supports cutting feed data selection for different materials.

Controls tool inventory to the minimum.

Supplies tool purchasing principles.

Calculates tool expenses.

Records historical tool usage.

N3N ¥ 3 3 3

Supports tool flow simulations.

The ICTMS Version 1.0 uses IBM OS2 Database Manager, which is a
relational database system. It runsin the client server of the OS2 network. IDEFO
was used as the modeling methodology. Tool database was integrated to central
database of C17M facilities at the laboratory. User interface is developed on
Datakase for Windows. Image files are stored in a data field different than the
database. Layout of ICTMSisgivenin Figure 2.5 [9].

The other example was the result of the studies on defining a methodol ogy
for the specification of tool management information systems, @rried out in
Department of Industrial Studies in University of Liverpool [10]. By using the
defined methodology LUM-TM, a tool management system was developed in a
major British FM S user company. While defining the methodology the borders of
a tool management system was drawn as it was consisting basic tool data
management, tool inventory control, tool requirements planning, tool specification
for process planning, tool preparation & assembly, system integration & security
and performance monitoring & management reporting. Nevertheless, in the
project carried out in industry, the project included only FMS tooling of the
factory. Tooling specification of new and modified tools, specification of

geometry, bill of material assembly instruction were also included.
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The LUM-TM presents five phases for requirement analysis. They are
requirement anaysis, which consists of stages -analysis of current system,
definition of requirements and evaluation of solutions- requirements solutions,
specification of physical system and system implementation plan. Use of data
flow diagrams (DFD) and entity-relation (E-R) diagrams are proposed during
these phases [10].

Another tool management system is TIMS (Tool Inventory Management
System) implemented in a factory of US Army, which is operated by
Textron/Lycoming. The system was developed as a project of IREP (Industrial
Resources Enhancement Programs). With the aid of several outside computer

consultants, an on-line system was developed to control tooling activities such as:

3

Entry of new tools into the system.

3

Generation of “pick and put” lists.

3

Issue of move orders to shop, rework, or vendor (by employee badge
number, department number, or vendor code).

Tool return (including calibration needs).

Development of user-friendly tool status CRT menus.

Tool usage (atool/operation cross reference).

Tools needed to make a particular part.

Selection of alternative tooling.

Identification of tools due for calibration.

Calibration activity.

Collection of tool maintenance data.

N TS T TS TS T T, T, B

Bin location of every tool (including initial assignment and subsequent

changes).

3

Tool tracking (by employee badge number and department number) [11].

Advanced Tool Management System (ATMS) has been developed by ITC
Integrated Systems, Inc. It has three versions wsing Access, SQL Server or Oracle

11



database management systems. It has several sections as “Quick Searches’, “Tool
Crib Management”, “Gage Control”, “Purchasing Control”, “Reporting”, “Data
Management”, and “ System Administration”. Several tool cribs can be defined in
the factory. In “Quick Searches’ section, user can search the tools according to
various criteria. “In Tool Crib Management” section, user can issue and return
tools, send tools to sharpening, return tools from sharpening, receive tools from
vendors, send tools to vendor back, and swap tools between machine tools. In
“Gage Control” section, gages can be sent to calibration and returned from
calibration. In “Purchasing Control” section, new purchase orders can be created
and existing ones can be edited. In “Reporting” section, severa standard and
customized reports can be viewed. In “Data Management” section, user can define
tools, assemblies, - which are assembled tools-, kits, -which are groups tools
under an assigned number-, and suppliers of the tools. In “ System Administration”

section, different users with various roles can be created [12].

Another tool management system developed by ITC Integrated Systems,
Inc. is Tool Location Control (TLC) Tool Management System. TLC generates
reorder requirements; records historical usage of tools; tracks the tooling issued to
the jobs, machines, and employees; maintains primary and secondary locations in
the crib; details order, usage, scrap, and rework histories; Allows tooling to be
pre-kitted and allows kits within kits to any level; offers transaction and summary
cost reporting of tool activity; provides a detailed trail of all tool transactions;
allows tools to be reserved for specific jobs; assists the keeping of calibration
records for gages; alows reference space for tool, machine, vendor, and user
information; provides several standard and custom management reports; is
designed to be multi-user for interdepartmental communication. The chart in
Figure 2.5 demonstrates the typical tool inventory ativity during the first 12
months of installation. The purchasing activity goes way down as the excess
inventory is used up in the first 5 months of the installation of TLC. As the
inventory begins reaching the correct level the purchasing activity increases again
[13].
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Figure 2.1 The Effect of Tool Control on Inventory and Purchasing [13]

Bel et al present a tool management system designed for a flexible
machining facility [14]. It consists of four basic modules for tool requirement
planning, part scheduling, tool management strategy selection and tool
management interrogation. These modules are supported by a centralized
integrated database management system. Scheduling module firstly decides the
batch size by considering tool magazine capacity and transporter capacity, then
sequences the jobs according to the preferred scheduling rule. After scheduling
jobs, in the tool requirement plan module, it decides the number of tools required
by the related job according to the tool issue strategy adopted. The module
calculates the tool requirement for each type of tool, tool inventory, tool life
usage, throughput time and machine and transporter utilization. It also traces the
tool life during operations. For this purpose, a separate tool-tracing file is
alocated to each machine and is updated during operations throughout the
manufacturing period. It also tracks how long each tool is kept on which machine,
when it is changed, after which job it is changed, if it isworn and if sister tools are
required. There are several different strategies applied to the issue of tools; each
has its own advantages and disadvantages. The tool management strategy
selection module has been designed to select the most convenient tool

management strategy and tool issue strategy for the related hardware
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configuration. The last module is knowledge-based output analysis module, which
has two functions. performance analysis and problem detection. Performance
analysis is carried out with respect to seven criteriaz manufacturing workstation
utilization, central tool store utilization, secondary tool store utilization, primary
tool store utilization, tool utilization, transporter utilization, throughput and lead
time. Problem detection function supports four main hardware and operational
problems: manufacturing cell problem, manufacturing workstation problem, tool

store problem and tooling problem.

2.2 Basic Characteristics of Object-Oriented Systems

Objects in the rea world can be characterized by two things. data and
behavior. For example televison has data as brightness, contrast, etc. and
behaviors as they can be switched on and off, the channels can be changed and so
on. Since software systems are solving rea world problems these real world
objects can be modeled in a similar way in programming, which is called object-
oriented design/programming. Object orientation is a better abstraction of the real

world compared to the structured programming.

The data of the object are called “Attributes’ and the kehaviors of the
object are called “Methods’. A “Class’ is a template, which defines the attributes
and the methods. The class definition is used to create “Instances’ of the class,
which are the actual objects used within the application. A class explains all the
data and behaviors that each object of that type contains. If a registration system
for a school is to be built, one of the possible classes would be “student” class.
Each student like Erhan Ozsiier, Fatih Sari, etc. would be the objects of the
student class.

The fundamenta concepts in Object Oriented Programming are:

?? Encapsulation and Information Hiding: Encapsulation is a mechanism
that combines the behaviors and data into a single object. The principle of
information hiding suggests that only the information required to use an
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object should be available outside the object. In short, objects are treated
like black boxes. All an object should need to know is the set of methods
that other objects can perform and what messages need to be sent to trigger
them. If the data or the way of methods, which are executed in an object, is
to be changed, the other objects are not affected by these changes.

?? Inheritance: Inheritance means that classes can reuse attributes and
methods that have been defined in other classes. In many cases, there may
be similarities among different classes in an information system. Although
each class can be defined separately, it might be simpler to define one
general class containing the data and the methods, which are common for
some other classes. General classes that have the common data and
methods are called “super-classes’ and the ones, which inherit these data
and methods are called “subclasses’.

?? Polymor phism: Polymorphism means that the same message can be
interpreted differently by different classes of objects. For example, if
“draw yourself” as a message is sent to a square object, a circle object,
and a triangle object, the results will be different athough the message is
the same [15, 16].

2.3 Unified M odeling Language (UML)

UML is an object oriented modeling language used to describe
information systems. It provides a common vocabulary of object oriented terms
and a set of diagramming techniques that are rich enough to model any systems
development project from anaysis through implementation. UML is nothing more
than a notation and it does not dictate any specific approach to developing

information systems.
Systems are modeled to:

?? Provide structure for problem solving

?? Experiment to explore multiple solutions
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?? Furnishabstractions
?? Reduce time-to- market for business problem solutions
?? Decrease development costs

?? Manage the risk of mistakes

UML is a graphical language for specifying, visualizing, constructing, and
documenting the artifacts of software systems. UML goals are:

?? Define an easy-to-learn but semantically rich visual modeling language

?? Unify the Booch, OMT, and Object modeling languages

?? Include ideas from other modeling languages

?? Incorporate industry best practices

?? Address contemporary software development issues, which are scale,
distribution, concurrency, executability, etc.

?? Provide flexibility for applying different processes

?? Enable model interchange and define repository interfaces

2.3.1 UML Use Case Diagrams

A use case diagram provides a functional description of a system and its
major processes and places a boundary on the problem to be solved. It aso
provides a graphic description of who will use the system and what kinds of
interactions they can expect to have with the system. In use case modeling entities
outside the problem area that are going to use the application are called “actors’.
An actor may be a person, another software application, or a hardware device.
Processes that occur within the application area are called “use cases’. Use case is
represented by an oval. The name of the use case is written inside the oval. A
rectangle with rounded corners represents the application or the system. A line
connecting an actor and a use case represents the interaction between them.

Notation of UML use case diagram can be seen in Figure 2.2.
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Business System

Communicatfon
Use Case

Actor /

\

Actor

Figure 2.2 Notation for Use Case Diagram

2.3.2UML Static Structure Diagrams: Class and Object Diagrams

The UML class diagram shows classes and the relationships between
classes. The simplest way of representing a class in UML is to draw a rectangle
and place the name of the class inside the rectangle. Later this class can be
detailed by dividing the rectangle into three horizontal compartments. In the top
section the name of the class is indicated, in the second section the attributes are
listed, and in the lower section the methods are listed. Notation for classes can be

seen in Figure 2.3.

Class Name

-Attribute
-Attribute:data_type
-Attribute:data_type=default_value

+Operation()
+Operation(argument_list):result_type()

+..0

Figure 2.3 Notation for Classes
Any physical or conceptual connection between two or more classes are

documented by “association”. The most generic association is represented with a

line between two classes. An association is naturally bidirectional. In other words,
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an association implies that the objects of one class will serd messages to
operations associated with the objects of the second class and that the second
class's objects will respond when appropriate. The name of the association is
written just above or below the line connecting the two classes. But, if the
association represents a single obvious relationship, its name can be omitted. The
name of the role played by the classis called “role”, and it is written just over or
below the association line, next to the class. Notation for association can be seen

in Figure 2.4.

Class A -Tole_A  association Name  Tole_B Class B

1 *

Figure 2.4 Notation for an Association

UML also provides a way to indicate the multiplicity of an association.
“Multiplicity” refersto how many objects of one class can relate to each object of

another class. Notation for multiplicity of associations can be seen in Figure 2.5.

Optignal (0 orl) Exactly/one
0.1 A
Class One or more
1,2,5 -

Specific possibilit 1.*

*
Many (Q or more)

Figure 2.5 Notation for Multiplicity of Association
“Generdlization” refers to a relationship when one class shares its

properties, methods, relationships, and constraints with another class. UML

indicates generaization by means of hollow-headed arrow. The arrow aways
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points towards the super-class. Notation for generalization can be seen in Figure
2.6.

Subclass A

Superclass

Subclass B

Figure 2.6 Notation for Generalization

An “aggregation” refers to part-whole relationships. It is indicated by
placing a small diamond at the end of the association line that runs between part
classes and the whole class, pointing at the whole class. Notation for aggregation

can be seenin Figure 2.7.

Class B 2 1 Class A Class C

H %
1 1

Figure 2.7 Notation for Aggregation

Composition relationships are strong form of aggregation. It is indicated
by placing a filled diamond at the end of the association line. Composition
indicates that the lifetime of Class B and Class C is dependent upon Class A
Notation for composition can be seen in Figure 2.8.

Class B 2 1 Class A Class C
— o————
1 1

Figure 2.8 Notation for Composition

“Constraints’ are functional relationships between elements of a class or
object model. A constraint sets limits on the values that one of the elements can

take. UML allows write notes on diagrams by putting them in rectangles with a
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dog-eared right corner. Notation for constraints and notes can be seen in Figure
2.9.

Class A -role_A -role_B Class B
T
1 ! 2

! \

\

4 \
Note on the Note about
constraint — — —[~{Constraint on association} the class
(e.g. arule)

Figure 2.9 Notation for a Constraint and for Notes

In some situations, objects of classes may need to be diagramed. UML
indicates an object as arectangle like a class. However, the difference between an
object and a class can be noticed by he way the name is written insde the
rectangle. An object can be named in UML in three ways:

?? :ClassName

?? object name:
?? object name:Class Name

Notation for objects can be seen in Figure 2.10.

Generic B :Class Name
object = [[Te=—=e—a
. object name:
Specific
objects [T T TTT
'~
~

Nobject name:Class Name

Figure 2.10 Notation for Objects
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2.3.3UML Interaction Diagrams: Sequence and Collaboration Diagrams

A sequence diagram is a graphical way to illustrate a scenario. They show
the sequence in which objects pass messages to each other. They can aso show
how long an object takes to process a message, when objects are created and
destroyed, and when objects are synchronous and asynchronous. To create
sequence diagram, a set of classes that will be involved in a scenario are
identified. Then the objects of these classes are listed in a line along the top of a
page. The dotted lines dropped beneath each object represent the lifelines of the
objects. The line on the left often represents an actor or an event outside the
system boundary. An event arrow connects objects. In effect, the event arrow
suggests that a message is moving between these two objects. Events are given
names, which can be a phrase or an operation or message name. Constraints are
listed within braces. The rectangles that lie below the object rectangles and over
the dotted lines indicate when the object is active. The cross symbol at the end of
the dotted line beneath an object tells that object is destroyed. Notation for UML
sequence diagram can be seen in Figure 2.11.

The collaboration diagram provides a second way of showing the sequence
in which events occur. As in an object diagram, objects are shown in rectangles,
connected by lines. Lines connecting objects are called links. Links represent the
messages flowing between objects. Each link can be labeled with one or more
operation names. Each operation name is preceded by a number, which indicates
the order of the operation. The arrow after or beside the operation name indicates
the direction of the flow. Notation for UML collaboration diagram can be seen in
Figure 2.12.
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:Class object: object name:Class Name

1 1
e | 1
| |
Event (Message Name) | I
Message 1
1

Message

Actor Message (return)

Notes DS 1
about !
what's :
happening :
1
I

T
|
|
Figure 2.11 Notation for a Sequence Diagram

1:Operation name —»

: j :
Class name object name

awreu uonelado:e—»

<—osweu vonerado:z

object name:Class name

Figure 2.12 Notation for Collaboration Diagram

2.34UML State Diagrams. State and Activity Diagrams

“State” refers to the set of values that describe an object at a specific
moment in time. In other words the state of an object is determined by the values
associated with its attributes. State diagrams are designed to show how one
specific object changes state as it receives and processes messages, which often
change the values of attributes (or states) of that object. State diagrams are
narrowly focused and good only for analyzing very specific Situations. A state
diagram focuses on activity within a specific class. They are used only for

representing very dynamic classes.
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States are represented as rectangles with rounded corners. The name of the
state is placed inside the box. Also, this box can be divided into three horizontal
compartments for detailed representation. In the top compartment, the name of the
state is written. The state variables are listed in the middle compartment and the
operations associated with the state are listed in the lower compartment. The
arrows connecting the states represent the events. They indicate the new state that
results from the transition in a value. An event occurs at an instant in time when a

value is changed.

A black dot used to indicate where the system starts in some cases. The
first state after the start is called initial state if a starting point is indicated. A black
dot inside acircleis used is used to signify when the state transitions end. Layered
state diagrams with one group of states placed within another can be used when
things become more complex. Notation for UML state diagram can be seen in
figure 2.13.

/ Event name
State A >|| State B
| Event
State A State B {

@

p—

Initial state Final state

Figure 2.13 Notation for State Diagrams

Activity diagrams are used to model the flow of activities in a procedure.
They provide very broad views of business processes or they can be used to break
out the activities that occur within a use case. In UML, activities are called states,
so activity diagrams are associated with state diagrams. Activity diagrams are just
the opposite of the state diagrams. Unlike state diagrams that focus on the events

occurring within a single object as it responds to messages, an activity diagram
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can be used to model an entire business process or to provide a high level view of
what is going inside a use case. Events are referred to as transitions. Diamonds are
used to alow the developer to show what happens when a transition can have
more than one consequence. Bars are used to show when several streams of events
must come together before the next activity can occur. State symbols can be used
to show the start and finish points. Notation for UML activity diagram can be seen
in Figure 2.14.

/ Transition
H Activity A

i
Il

A bar shows that

Start one activity leads

\ to several that
\\ occur in parallel

> orinan

unpredictable order

Activity B

Activity C

Figure 2.14 Notation for Activity Diagrams

235 UML Implementation Diagrams. Package, Component, and

Deployment Diagrams

Package diagrams alow developers to show how classes can be divided
into logical software modules, which are called “packages’ in UML. A file folder
icon is used to represent a package. Links between packages are indicated as
dashed arrows. The arrows can be labeled to show the dependency names.
Packages can be nested to any desired depth. The name of the package is written

inside package unless the package is a super-package, which has sub-packages. In
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such cases, the name of the package is written on the tab of the folder. Notation

for UML package diagram can be seen in Figure 2.15.

1 1

b e e e

Package A Package B

Figure 2.15 Notation for Package Diagrams

Component diagrams refer to physical components or physica modules of
the application. Logical grouping done by package diagrams can be the first
approximation of what will eventually turn into a physical grouping. A component
IS represented by the icon shown in Figure 13.5. The names of the components are
written on the icon. Dependencies between components are indicated by dotted
arrows. Component diagrams can be used with deployment diagrams to show how
physical modules of code are distributed on various hardware platforms. Notation

for UML component diagram can be seen in Figure 2.16.

Component A pr===—= === Component B

Figure 2.16 Notation for Componert Diagrams

Deployment diagrams allow the developer to model the physical platforms
and network connections that will be used in the application. In deployment
diagrams, each node or processing element in the system is represented by a three
dimensional box. Links between the nodes or platforms are shown by solid lines.
Components can be placed inside the nodes to show how actual code will be
distributed. A class level or an object level configuration, in which the specific
instances of the node are referred, can be described. Notation for UML

deployment diagram can be seen in Figure 2.17.
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Node A Node B

Figure 2.17 Notation for Deployment Diagrams

2.4 Entity-Relation Diagrams

An entity-relation mode (or E-R modd) is a detaled, logical
representation of the data for an organization or for a business area. The E-R
model is expressed in terms of entities in the business environment, the
relationships among the entities, and the attributes of both the entities and
relationships.

An entity is a person, place, object, event, or concept in the user
environment about which the organization wishes to maintain data. An entity has
its own identity, which distinguishes it from the other entities. These entities are
connected to each other by relationships.

E-R diagrams are excellent tools for planning and designing database,
especialy when they are used with normalization. ER diagram gives the analyst a
clear, high-level view of data. ER model implies the processes, but it does not
clarify the process itself [17, 18].

2.5 Client/Server Architectureand Terms

Client/Server describes physical deployment models where the client
computer makes a request to the server computer and the server computer services

or responds to the request.

Tiers are a logical concept. The three tiers are generally described as user
(first), business (second or middle), and data (third) service tiers. A service is a

unit of application logic that implements operations, functions, or transformations
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that are applied to object. The concept of tiers emphasizes segmenting
applications into the three types of services, and is not about implementing the
services nor about the number of physical computers involved in deploying the

solution [19].

251 Two-Tier Client/Server Architecture

Two-tier applications represent a first step in separating database- specific
access logic out of the client application and placing it on the server. This is done
by implementing services as stored procedures that execute on the server against a
database. This makes maintenance, upgrades, and general administration of the
code easier because the code only exists on the server and not on every client.
Also, the database management system (DBMS) provides the centralized
functionality required when supporting many users. Transaction processing and
connection handling are the magjor problems of the architecture. A diagram of two-
tier client/server architecture is shown in Figure 2.18 [19].

252 Three-Tier Client/Server Architecture

Three-tier client/server architecture provides additiona flexibility for building
applications as they grow in complexity. User services reside on client computers,
while business and data services generally reside on server computers that provide
centralized, multi user functionality. Its working mechanism is that, the client
talks to the middle tier and the middle tier uses a database connection pool to
manage the connection with the database. After it completes the request, it passes
the data back and releases the connection that client uses. A diagram of three-tier

client/server architecture is shown in Figure 2.19 [19].
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Figure 2.19 Three-Tier Client/Server Architecture [19]

2.6 Microsoft® Windows® Distributed interNet Applications (DNA)

Architecture

Windows DNA is the most comprehensive, integrated platform for
building and deploying applications for the Business Internet from high traffic e
commerce web sites to enterprise supply chain integration, which provides the
fastest, easiest route for the Web application development [20]. Conceptual
models and guidelines are designed to:

?? Develop reliable, scalable, multi-tier, distributed applications using the

Windows DNA platform

?? Extend existing data and external applications to support the Internet
?? Support a wide range of client devices, maximizing the reach of
applications

DNA Architecture is given in Figure 2.20.
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Windows DNA for Manufacturing, on the other hand is a framework that
allows manufacturing software applications to integrate seamlessly with one
another. Microsoft announces as it alows companies to build scalable
client/server systems that new and existing ERP, -manufacturing execution
systems (MES), DCS- and SCADA- based applications, as well as the new breed
of PC-based, shop floor control systems. Windows DNA in an integrated

manufacturing environment is given in Figure 2.21 [21].

Windows DNA for Manufacturing takes the main features of Windows
DNA strategic framework and applies it to manufacturing solutions. These
features are common operating system and network, common data access,
BackOffice-based tools and services, common application infrastructure,
integration with office applications, increased enterprise integration, integrated
development environment and tools and methodologies for integration of legacy
systems.
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Figure 2.21 Windows DNA for Manufacturing [21]

There are series of products and technologies of Windows DNA for
manufacturing like COM/DCOM, COM Services, OLEDB, Microsoft SQL
Server, Internet Information Server, Microsoft Internet Explorer, Visual Studio
and Exchange Server. COM/DCOM, Microsoft Transaction Server as a COM
Service, Microsoft SQL Server, Internet Information Server and Visua Studio
will be mentioned in the following sections.

2.6.1 Component Object Model (COM)/Distributed Component Object
Model (DCOM)

The Component Object Model (COM) is an object-based programming
model designed to promote software interoperability. Internet and traditional
client/server application development can be integrated through the COM, which
is the way of Microsoft to create components. Component is a discrete piece of
software that does some specific predefined work. Through COM, client/server
applications take advantage of features such as Dynamic HTML (DHTML);
scriptlets; transactions, message queuing; security; and directory, database and
data access. COM alows solutions to be assembled from reusable software
components rather than being built from scratch, so that applications can be built
and tested more efficiently. COM offers five main advantages:
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?? Binary compatibility: COM components can be implemented in a
number of different programming languages and used from clients that are
written using completely different programming languages.

?? Cross-platform interoperability: Developer need to write COM
components for a specific platform, such as Windows NT or UNIX. A
COM component written for a specific platform will not run on another
platform, but can communicate with COM objects running on other
platforms.

?? Location transparency: Location transparency means that a component
can be called by aclient in one way.

?? Code reusability: COM components contain classes that expose group of
methods, known as interfaces, through which clients interact with objects.
Since these interfaces are documented, code that implements those
interfaces can be reused by many clients.

?? Version control: Interfaces implemented by classes are static and, once
defined, cannot change. New functionality can be added to a COM
component by adding a new interface to a class while still supporting the
old interfaces. Functionality is not lost when COM components are
upgraded.

The Distributed Component Object Model (DCOM) isa COM component
that runs on a different computer than the computer that uses it. DCOM enables
software components to communicate directly over network boundaries. DCOM
enables components in distributed applications to communicate with other
components whether they are remote or running on the local computer and access
distributed Windows platform services. The illustration in Figure 2.22 shows how

the Internet and three-tier client/server applications are combined [19].
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Figure 2.22 Architecture of Microsoft’s Enterprise Development Strategy [19]

2.6.2 Microsoft Transaction Server (MTS)

Microsoft Transaction Server (MTS) is a component-based transaction

processing system for building, deploying, and administering server applications.

Transactions provide an all-or-nothing simple model of managing work.
Either all the objects succeed and all the work is committed, or one or more of the
objects fall and none of the work is committed. Based on the outcome, any
database tables or files affected by the work will either al be changed, or not
changed at all. They will not be left in an inconsistent state. MTS provides this
transaction management service. When comporents are activated, transactions for
them are automatically created. Also, cleanup and rollback of a failed transaction
are automatically handled by MTS. Objects that participate in transactions must
be stateless. State is object data that is kept over more than one method call to the
object.

MTS helps conserve server memory by keeping an instance of an object
alive only when a client is calling the object. This is known as just-in-time
activation, and it alows the server to handle more clients than is possible when

the object remains active.
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The synchronization issues about the simultaneous calls coming from
multiple users in a distributed application environment are solved by MTS
through activities, which provide a concurrency model. An activity is the path of
execution that occurs from the time a client creates an MTS object until the client
releases that object. During the activity the client makes calls to the MTS object.
MTS object may create additiona MTS objects that are part of the same activity
to service these calls [19]. MTS also provides security by allowing define roles.

2.6.3 Microsoft SQL Server

Microsoft SQL server is client/server relational database system. It
supports traditional two tier applications and state-of-the-art three tier
applications. It is arelationa database consisting of multiple tables of data; each
of that is further divided into rows (records) and columns (fields). The main
features of Microsoft SQL Server are as following:

?? 1t runs on Windows NT, 2000, and 9x environments.
?? It is scaable; it can be used for small databases on PC’s to terabytes of
databases on up to 32CPU machines.

3

It has replication ability.

3

It gives On-Line Analytical Processing (OLAP) services.

3

It has English Query facility, which enables easiest way of constructing
gueries.

Data transformation systems enable easy exchange of data.

It supports distributed transactions.

It supports ANSI-92 SQL.

NS TS S

It has centralized management tools for multi server environments [22].

2.6.4 Internet Information Server

Internet Information Server is the web server for Windows NT/2000

Server. Web servers are the softwares that allow clients access to corporate
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information and data by facilitating information publishing, application execution
and dataretrieval.

As Java applets; ActiveX controls and database-access tools were
introduced; web servers have become more powerful for publishing dynamic
information. They now have powerful capabilities such as connectivity to
databases, dynamic page creation, database queries and data encryption. Some of
the features of I1S are:

?? Web based administration.
Hypertext Transport Protocol (Http) 1.1 support.
Content Control.
Configuration Backup.
Database Components.
Per-site Bandwidth Throttling.
Per-site Performance Monitoring.
Indexing and Searching.

NN ¥ 3 3 33

Microsoft Active Server Page (ASP) is the server side-scripting platform
of Microsoft that one can use to create and run dynamic, interactive Web server
applications. 11S is the web server with which enables ASP in Microsoft

environment.

2.6.5Visual Studio

Microsoft Visual Studio is a powerful, comprehensive, and integrated suite
of developer tools for rapidly building enterprise Web applications on the
Windows platform based on the Windows DNA architecture [20]. Visua Studio
6.0 addresses all aspects of Windows DNA application development, including
integrated tools for multiple tier application design, user interface development,
middle-tier component development and assembly, database programming and

design, performance analysis, and team-based development support. Primary



development tools in this product set are Visual Basic, Visua C++, Visua J++,
Visual InterDev and Visua FoxPro.

Visual Basic 6.0 provides the most productive development through Rapid
Application Development (RAD) functionality and enhanced data connectivity. It
can be used in ether component development or in combining various
components to build the entire application. Visual C++ is the most productive
C++ tool for optimized, highest-performance, enterprise-wide development.
Visua InterDev is a comprehensive development tool for data-driven web
applications. Visual H+ alows Java developers access to the full capabilities of
the Windows platform. Visual FoxPro gives the necessary tools to manage data. It
can be for organizing tables of information and running queries, creating an
integrated relational database management system or programming a fully
devel oped data management application for end users [19].
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CHAPTER 3

SYSTEM DEVELOPMENT

3.1 Overview

The method that is used to develop the tool management system will be
presented in this section. Object-oriented approach was used during the system
development, which is discussed in Chapter 2. UML was used as a standard
modeling language of object-oriented system development. UML diagrams used
in the phases of development can be seen in Figure 3.1. In the following sections,

one example for each UML diagram is examined. Other diagrams can be found in

Appendix A.
Requirements Analysis Design Implementation
UM state Screens orweb
diagrams UML UML component
deployment diagrams
diagram
UML sequence
/ diagrams
UNLL use case / — Relational
lagrams UML package Database
% UML sequence diagram
\ diagrams
UML class
dagrams \
SN

N7z
UML object
UML activity diagrams UML class
i diagrams e
diagrams E-R diagrams
Visual Basic
UML Code
/ collaboration
diagrams

Figure 3.1 Development Road Map
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First, the scope and the requirements for the system to be developed are
defined. What the system is supposed to do and who will use it is decided. Thisis
the overview of the entire system. During analysis, developer focuses on
designing an ideal or logical system that satisfies the requirements without being
overly concerned about implementation. During design, the work done is
modified and a concrete physical system appears. During the coding phase, the
code is written. Then the initia prototype is tested. After a satisfying testing, first
iteration in system development ends and the second iteration starts with the
analysis phase again. This goes on like that until the entire application is
completed.

3.2 Requirement Analysis

Requirement analysis begins with use case anaysis. Tool management
system was divided into sections and for each section a use case diagram was
drawn. Use cases defining the requirements of this section of the system and the
actors interacting with them were stated. The interactions were modeled according
to the authorization of the actors or users in the system. Use case diagram of
Cutting Tool- Tool Holder module can be seen in Figure 3.2. The system is framed
by a rectangle and name of the system is written top of the frame, which is
“Cutting ToolTool Holder Module”. The use cases are: search tool data, modify
tool data, issue cutting tool and tool holder, record cutting tool and tool holder
return, sharpen used cutting tools. The actors are: Buyer, manufacturing engineer,
tool crib employee and sharpening room employee. The interactions of the actors

with the use cases are represented with a line between them.

Then the scenarios in the system were modeled using the activity
diagrams. Flows of activities in some use cases were modeled to clarify these use
cases. Activity diagram is very similar to the workflow diagram. Activity diagram
of “Issue Cutting Tool” use case can be seen in Figure 3.3. The issue of a cutting
tool starts when a worker comes with tool request. Tool crib employee gets the

worker badge number and the tool request. If there exists a used cutting tool for
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the tool requested, used one is issued and used cutting tool inventory is updated. If

there is no used one, new cutting tool is issued and its inventory is updated.

Cutting Tool-Tool Holder Module

Modify Tool Data
Issue Cutting Tool
and Tool Holder

Record Cutting Tool
and Tool Holder Return,

Manufacturing Engineer

Tool Crib Employee

Sharpen Used
Cutting Tools

Sharpening Room Employee

Figure 3.2 Use Case Diagram of Cutting Tool- Tool Holder Module

Get the worker badge no
Get the tool request
Check the tool

| There is used tool

Get tool from used cutting tool drawa

/ There is no used tool

Get tool from new cutting tool draweD

Gpdate new cutting tool inventoMpdate used cutting tool invemoD

.

Figure 3.3 Activity Diagram of “Issue Cutting Tool” Use Case
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3.3 Analysisand Design Phases

After defining the requirements and scenarios, class and sequence
diagrams were drawn. In the class diagram, all the classes are stateless. Only
methods of the classes are specified. The classes in the system are: RoleValidator,
Calendar, Tool, BOT, Part, Schedule, Measuringequipmet, CalibrationList,
Fixture, FixtureAssembly, Assembly, ToolHolder, ToolHolderLocation, THIssue,
THIssueltem, THReturn, THReturnitem, CuttingTool, CuttingToolL ocation,
RequirementPlan, PurchaseOrder, PurchaseOrderltem, Receiving, Receivingltem,
CTlssue, CTlssueltem, UCT, SendingToSR, SendingToSRItem, ReturnFromSR,
ReturnFromSRItem, CTReturn, CTReturnitem, SRCuttingTool, Sharpening,
Sharpeningltem. BOT is the abbreviation of bill of tooling and UCT is the
abbreviation of used cutting tool. CT, TH and SR prefixes are used for cutting
tool, tool holder and sharpening room, respectively. The relationships between
the classes are:

?? Tool is used according to BOT.

?? BOT has Part.

?? Part has Schedule.
M easuringEquipment is a type of Tool.
M easuringEquipment has CalibrationList.
Fixture is atype of Tool.
FixtureAssembly is atype of Assembly.
FixtureAssemblyltem is a part of FixtureAssembly
Fixture has FixtureAssemblyltem.
ToolHolder is atype of Tool.
ToolHolder has ToolHolderL ocation.
ToolHolder is issued by THIssueltem.
THIssueltem is a part of THIssue.

ToolHolder is returned by THReturnltem.

TS S TR T TS T S, S, SRS S S

THReturnltem is a part of THReturn.
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CuttingTool is atype of Tool.

CuttingTool has CuttingT ool L ocation.

CuttingTool has Requirement.

CuttingTool is purchased according to PurchaseOrderltem.
PurchaseOrderltem is a part of PurchaseOrder.
CuttingTool is received from vendor by Receivingltem.
Receivingltem is a part of Receiving.

CuttingTool isissued by CTlssueltem.

CTlssueltem is a part of CTlIssue.

UCT isatypeof Tool.

UCT is sent to sharpening room by SendingToSRItem.
SendingToSRItem is a part of SendingToSR.

UCT isreturned from sharpening room by ReturnFromSRItem.
ReturnFromSRItem is a part of ReturnFromSR.

UCT is returned from shop floor by CTReturnltem.
CTReturnitem is a part of CTReturn.

SRCuttingTool is atype of UCT.

SRCuttingT ool is sharpened by Sharpeningltem.

NS TS S T S TS T, TR, . S S S S, St S S S S

Sharpeningltem is a part of Sharpening.

The duty of al of the classes is to communicate with the database.
Methods of the classes are defined according to this duty. Data manipulation
consists of creating, updating, deleting and retrieving. The method names of the
classes start with C, U, D, R. C stands for create, U stands for update, D stands for
delete and R stands for retrieve in this context. If data of a single item is to be
retrieved, “RONne” prefix is used and if data of a list of items is to be retrieved,
“RAII” prefix is used in retrieving operations. There are some methods, which are
not in this context. In RoleValidator class “RCheckLogin” method checks the user
name and password of the user and “GetAuthentication” retrieves the
authentication data of the user. In Requirement class, “RunRequirement” executes
the requirement plan and “GetRequirementStatus’ retrieves the status of the
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execution. The “+” symbol preceding the names of the methods indicates that
these methods are defined as public methods, which means that they can be
reached by other classes. Class diagram of the tool management system is in

Figure 3.4.

Next step is the squence diagram to clarify the interactions between the
objects of these classes and the sequence of events. It is not a must to define al of
the classes and complete the class diagram before going through the sequence
diagrams. Each sequence diagram is dawn for a use case. Developer does not
have to draw the sequence diagrams for al the use cases. They are drawn to
clarify the complex cases only. Issue of a cutting tool starts when the tool crib
employee calls the create method (CCTlssue) of cutting tool issue object
(:CTlssue). This object calls the create method (CCTlssueltem) of cutting tool
issue item object (:CTlssueltem). If the condition of the cutting tool is “New”,
ROnNeCuttingTool method of CuttingTool object is called and data of the cutting
tool that will be issued is retrieved from the database. The data representing the
inventory level of that cutting tool is updated by calling the UCuttingTool method
of CuttingTool object. Then, CTlssueltem object calls the ROneUCT method of
UCT object and ypdates the data of UCT by calling the UUCT method. If the
condition of the cutting tool is“Used”, then CTlIssueltem calls the ROneUCT and
UUCT methods of UCT object only. Then, ROneCuttingTool L ocation method of
CuttingToolLocation object is called by CTlssueltem object. If there are other
cutting tools of the same tool type at the same location on the shopfloor,
UCuttingT ool Location method is called. If there is no cutting tool of the same tool
type at that location, CCuttingToolLocation method is called. After CuttingTool,
UCT and CuttingToolLocation objects finishes their work, CTlIssueltem object is
deactivated. After CTlIssueltem is deactivated, CTIssue object is deactivated and
transaction is completed. The sequence diagram of “Issue Cutting Tool” use case

can be seen in Figure 3.5.
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Figure 3.5 Sequence Diagram of “Issue Cutting Tool” Use Case
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The collaboration diagram has exactly the same purpose of sequence
diagram. They represent the interactions between objects and the sequence of
events. The lines connecting the objects show the interactions between them. The
numbers preceding the method calls represent the sequence of that event. Since
collaboration diagrams can get complex and messy easily, they may be used to
narrowly focus a scenario and analyze it in more details. A collaboration diagram
can also be used in place of a simple object diagram. The collaboration diagram of

“lssue Cutting Tool” use case can be seen in Figure 3.6.

7: ROneCuttingToolLocation —»
:[CTLocation<1]CCuttingToolLocation—»
: [CTLocation>1]CCuttingToolLocation—»

o 0

1: CCTlIssue—» 2: CCTlssueltem—p

Tool Crib Employee

:CuttingToolLocation

:CTlssueltem

:CuttingTool

Figure 3.6 Collaboration Diagram of “Issue Cutting Tool” Use Case

Once initia class and sequence diagrams were created in the analysis
phase, they were enhanced and expanded in the design phase in parallel. From the
expanded class diagrams, E-R model of the data structure was drawn, which leads
the design of the database later. Also package diagram was drawn to show the
logical groups of classes. Package diagram can be seen in Figure 3.7. Component
and deployment diagrams were drawn using the package diagrams to show the
physical design of the tool management system. Component diagram in Figure 3.8
shows the projects created by Visua InterDev, which are collected in the client
package. TRPClientTooIMng, CTTHClientTooIMng and FGClientToolMng
projects are reached through LoginClientToolMng, so they are dependent to it.
Component diagram in Figure 3.9 shows the projects created by Visua Basic,
which are collected in the business package. None of the classes in these projects

or modules are reached or called by the other ones, so none of them are dependent
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to each other. Deployment diagram in Figure 3.10 shows the deployment of the
system into computers. Business and client packages are deployed into one
computer. MTS hosts the business and 11S hosts the client package. Database
managed by Microsoft SQL Server 2000 is deployed into another computer.
Clients in the intranet of the factory make requests to the business server and
business server connects to the data server to manipulate the data. Therefore,
client is dependent on the business server and business server is dependent on the

data server.

] 1 1

N _____> Data Package

Client Package “—____> Business Package

Figure 3.7 Package Diagram

LoginClientTooIMNg (€= =mm= m=—m= ==

/N
1
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TRPClientToolMng CTTHClientToolMng FGClientToolMng

Figure 3.8 Component Diagram of Client Package

LoginToolMng TRPToolMng CTTHToolMng FGToolMng

Figure 3.9 Component Diagram of Business Package

Computers in the Tool Management Business Server Tool Management
factory intranet Data Server

Business Package Data Package
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1

1

L —a

Client Package

Figure 3.10 Deployment Diagram
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3.3.1E-R Model

E-R mode is used to broadly represent the information structure of the
system.The entities in the model and the relations between these entities are
presented. The entities of the domain can be listed as follows:

Tool: It is any equipment that will be managed by tool management
system.

Measuring Equipment: It is a type of tool being used by measurement
pUrpOSES.

Calibration List: It is a set of record that is kept for each calibration of
each measuring equipment.

Fixture: It is a type of tool being used for clamping and locating the
workpiece to machine tool.

Assembly: It is an equipment formed by a group of tools.

Fixture Assembly: It is atype of assembly formed by a group of fixtures.

Tool Holder: It isatype of tool in which cutting tools are attached.

Tool Holder Location: It is the record of tool holder locations in the shop
floor.

Tool Holder Issuel It is the record of issued tool holders from tool crib to
shop floor.

Tool Holder Return: It is the record of returned tool holders from shop
floor to tool crib.

Cutting Tool: It is atype of tool being used to cut workpiece.

Cutting Tool Location: It isthe record of cutting tool locations in the shop
floor.

Purchase Order: It is the record of cutting tools to be purchased.

Receiving: It is the record of cutting tools received from vendors.

Requirement Plan: It isthe record of an event on a cutting tool a day.

Suggested Purchase: It is the record of purchase orders of cutting tools
suggested by tool management system.
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Cutting Tool Issue: It isthe record of issued cutting tools from tool crib to

shop floor.

UCT: It is the record of used cutting tools.
Sending To Sharpening: It is the record of used cutting tools sent to

sharpening room from tool crib.

Return From Sharpening: It is the record of used cutting tools returned

from sharpening room to tool crib.

Cutting Tool Return: It is the record of used cutting tools returned from

shop floor to tool crib.

room.

SRCutting Tool: It is the record of used cutting tools in the sharpening

Sharpening: It is the record of sharpened cutting tools.

Cdendar: It isarecord of daysin the caendar.

TRP Log: It isthe record that has the stages of tool requirement planning.
Part: It is the end product of manufacturing processes.

Schedule: It isarecord of parts manufacturing quantities and dates.

The relations between these entities are as follows;

7?

??

333 I I II A

3

Tool is used for one and many Parts; Part uses one and many Tool.

Part is manufactured according to one and many Schedule.

Measuring Equipment is a type of Tool.

Measuring Equipment has one and many Calibration List.

Fixtureis atype of Tool.

Fixture Assembly consists of one and many Fixture.

Fixture Assembly is a type of Assembly.

Tool Holder is atype of Tool.

Tool Holder has zero and many Tool Holder Locations.

Tool Holder is issued by one and many Tool Holder Issues; Tool Holder
Issue issues one and many Tool Holders.

Tool Holder is returned by one and many Tool Holder Returns; Tool

Holder Return returns one and many Tool Holders.
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Cutting Tool is atype of Tool.

Cutting Tool has zero and many Cutting Tool Locations.

Cutting Tool has one and many Requirement Plans.

Cutting Tool isissued by one and many Cutting Tool Issues; Cutting Tool
Issue issues one and many Cutting Tools.

Cutting Tool is purchased by one and many Purchase Orders,; Purchase
Order purchases one and many Cutting Tools.

Cutting Tool is purchased by one and many Suggested Purchases;
Suggested Purchase purchases one and many Cutting Tools.

UCT isatype of Tool.

UCT is sent to sharpening by one and many Sending To Sharpenings,
Sending To Sharpening sends to sharpening one and many UCTSs.

UCT is returned from sharpening by one and many Return From
Sharpenings, Return From Sharpening returns from sharpening one and
many UCTSs.

UCT s returned by one and many Cutting Tool Returns, Cutting Tool
Return returns one and many Cutting Tools.

SRCuttingTool is atype of UCT.

SRCuttingTool is sharpened by one and many Sharpenings; Sharpening

sharpens one and many SRCuttingTools.

The ER mode of tool management system is given in Figure 3.11.
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Figure 3.11 ER Model of Tool Management System

3.3.2 Authentication Structure

The authentication structure of the system is built according to the UML

use case models. The actors and their interaction between the use cases define the

authorization of the users. The processes that can be done using the system and

the titles that are authorized to carry out these processes are defined using the

UML use case diagram. Each user is given a title and is authorized according to

this title which has a previoudy drawn authorization border. First, the E-R

diagram of the system is drawn. The entities and their relationships between them

are modeled. The E-R model of the system authentication is given in Figure 3.12.

Process

—1,m 1, m—
does

Title

S owned
—Lm by/has 1, m—

Personnel

Figure 3.12 ER Model of Authentication Structure
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The entities of the model are as follows:
Process. It is a process or operation done by the users of the tool
management system.
Title: It is the title of the users which has previoudly defined authorization
borders.
Personnel: It is a user of the tool management system.
The relationships between these entities are as follows:
?? Processis done by one and many Title; Title does one and many Process.
?? Title is owned by one and many Personnel; Personnel has one and many
Title.

After drawing the ER diagram of the authentication structure, attributes
were defined, key attributes were selected, many to many relations were resolved
and normalization process was done on the data structure to obtain the third
normalized form. The end product was the database structure, given in Figure
3.13. As seen in Figure 3.13, many to many relationships are resolved using the
Title Process and Personnel_Title tables.

Process Title

[ % |Process_Code |_'1?_ fitle_Cu:nde I
| |Process_Mame | |Title_hame
| |Pracess_Description 1 | | Title_Description

il

Personnel
| % |Bados_Mo

Mame
L) v
g ||‘*

Surname
Logintarne
Password
S

Title_Process

Personnel_Title

| % |Title_Cade
| % |Process_Code

:-I%‘ Badge_Mo
| 7 |Title_Code

Figure 3.13 Database Diagram of Authentication Structure

The attributes in the tables of this database are as follows:
Process

Process Code (Primary Key): It is a number that uniquely identifies a
process in the tool management system.

Process Name: It is the name of the process.
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Process Description: It is the description of the process telling what t

does.

Title
Title_Code (Primary Key): It isanumber that identifies a title of users.
Title Name: It is the name of the title.
Title_Description: It is the description of the title.

Title_Process
Title_Code (Foreign Key):
Process_Code (Foreign Key):

Personnel

Badge No (Primary Key): It is a number that uniquely identifies each user
of the tool management system.

Name: It is the name of a user.

Surname: It is the surname of a user.

Login_Name: It is the login name of a user which is unique among other
users.

Password: It is the password of a user which is needed to login the system.

Sex: It is the sex of the user.

Personnel_Title
Badge No (Foreign Key):
Title_Code (Foreign Key):

3.3.3Web Site Diagram
The pages of the system and the navigation between these pages are

defined. The module boundaries are shown with dash lines and the navigations

between these modules are shown with lines.
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System is entered through the login page. As the user supplies his/her user
name and password, he/she comes up with the system root upon passing the
authentication. System screens are made up of three frames. These frames are
created in the “Default” page. The frame in the left-hand side of the screen hosts
the options of the tool management system. Also, user can log off from this frame.
The frame in the bottom of the screen hosts the modules of the system whose links
were created by “Modules’ page. User can navigate between the modules and
reach options of the modules from this frame. Main frame opens with the

“Welcome” page and hosts the interface of the operations done.

The links of the options of the modules are created by “RootFG”, -which
links to gage-fixture module-, “RootCTTH”, -which links to cutting tool-tool

holder module-, and “RootTRP”, -which links to tool requirement plan module-,

pages.

There are 16 pages in gage-fixture module, 27 pages in cutting tool-tool
holder module and 20 pages in tool requirement plan module. The pages, which
have the prefixes “List” and “Single”, can only be reached through the pages they
are linked to. All the other pages can be reached directly from the options links of

the modules appearing in the left- hand side frame of the screen.

Web site diagram can be seen in Figure 3.14.
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3.4 System I mplementation

CSharpening ingTool CTHIssue
Login Logoff CUDUser SingleCuttingTool SR pening cuCutingToo
[]
ListRetumFromSR CTHRetun CCTRetumn [SearchSRCuttingTool|
] []
TS || Defautt | Modules ListSendingToSR 1gToSR SearchToolHolder CCTissue CSendingToSR
Li — SearchTHilssue ListTHIssue
RootFG RootTRP RootCTTH !
ListCTRetun  |——— SearchCTReturn SearchTHRetumn ListTHRetum
LoginClientToolMng B
ListCTissue SearchCTlssue SearchCuttingTool SingleToolHolder
CTTHClientToolMng
EditCalibrati B
B CDPart RunTRP SingleCutiingTool
Fi ICUDFi
] [ [] CReceiving GetRequirementPlan T ListRegeivi
UDI Sear SearcC Info N
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o | CUD:! Waming SearchSchedule
SearchF istFixt SingleFixture
FGClientToolMng TRPClientToolMng

The implementation history of the tool management system will be given

in three subsections. The implementation of data tier, business tier and client tier

will be presented, respectively.

The physical layout of the system includes one application server, one data

server and other computers connected to the network and used as clients.

Microsoft Transaction Server (MTS), which is the object broker of the system and

Internet Information Server (I1S), which is he web server of the system, are
installed on application server. Microsoft SQL Server 2000, which manages the
database, is installed on data server. Although other orientations like installing

MTS and |1S on separate computers or installing MTS, 11S and Microsoft SQL
Server on the same compuiter, this layout is suggested
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3.4.1 DataTier Implementation

Databases are created using Enterprise Manager of Microsoft SQL Server
2000, which is the database management system. These databases are filled with
tables by the help of the ER diagram developed in the design phase. Columns and
thelr data types are entered. Key attributes of the tables were defined. The
relations between these tables were created and the stored procedures are written
by using ANSI Structured Query Language (SQL). After the addition of stored

procedures into the databases, data tier construction was compl eted.

Two databases were created for the system and named as
ToolManagement and ToolManagementUsers for the tool management system
and for the authorization, respectively. There are 40 user-defined tables in
ToolManagement database and 5 user-defined tables in ToolManagementUsers
database. There are 230 stored procedures in ToolManagement database and 13
stored procedures in ToolManagementUsers database. “ spCPart” stored procedure

which creates a part in “Part” table is as follows:

Create Procedure spCPart

@vPartID as nvarchar(50),

@vPartDesc as nvarchar(150),

As

Insert Into Part (Part_ID, Part_Description)
Values (@vPartlD,@vPartDesc)

return

@vPartiID and @vPartDesc are the parameters of this stored procedure
which must be passed by the business tier to the data tier to cal this stored
procedure. “@” symbol states that the parameter is local. “v” letter is put in front
of the name of the parameter just for preventing confusion in the Visual Basic

codes. These parameters are inserted into the columns “Part ID” and
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“Part_Description” of the “Part” table. Database diagram of tool management
system can be seen in Figure 3.15.
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Figure 3.15 Tool Management Database Diagram

3.4.2 Business Tier Implementation

First the business objects were created using Visual Basic 6.0 Integrated
Development Environment (IDE). These objects are then deployed into Microsoft

Transaction Server.

ActiveX technology was used to develop the business tier. Four different
ActiveX DLL (Dynamic Link Library) projects were developed; one for Gage-
Fixture (FGToolMng) module, one for Cutting ToolTool Holder
(CTTHToolMng) module, one for Tool Requirement Plan (TRPToolMng)



module, and one for user management (LoginToolMng). TRPToolMng module in
the design view of Visua Basic 6.0 IDE can be seen in Figure 3.16.
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Figure 3.16 Design View of CTTHToolMng Module in Visual Basic 6.0 IDE

The classes in the modules are as follows:. clsAssembly, clsCalibrationList,
clsFAMovementLog, clsFixture, clsFixtureAssembly, clsFixtureAssemblyltem,
clsMeasuringEquipment, clsMEMovementLog, clsTool in FGToolMng ActiveX
dil; clsCTlssue, clsCTlssueltem, clsCTReturn, clsCTReturnlitem, clsCuttingTool,
clsCuttingL ocation, clsReturnFromSR, clsReturnFromSRItem, clsSendingToSR,
clsSendingToSRItem, clsSharpening, clsSharpeningltem, clsSRCuttingTool,
clsTHIssue, clsTHIssueltem, clsTHReturn, cIsTHReturnitem, clsTool,
clsToolHolder, clsToolHolderLocation, cISUCT in CTTHToolMng ActiveX dll;
clsBOT, clsCalendar, clsCuttingTool, clsPart, clsPurchaseOrder,
clsPurchaseOrderltem,  clsReceiving, clsReceivingltem, clsRequirement,
clsSchedule in TRPToolMng ActiveX dll; clsRoleValidator in LoginToolMng
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ActiveX dll projects. The classes are created in ActiveX dll projects. The methods
of the classes are defined to be public inside the code. The classes are stateless
since al of them are deployed in MTS in which the objects must be stateless. The

Visual Basic code of “CPart” function of “clsPart” class can be seen below:

Public Function CPart(vPartID As Sring, vPartDescription As Sring) As String

On Error GoTo errhandler
Dim cmdPart As ADODB.Command

#f usemts Then

Dim objcontext As ObjectContext
Set objcontext = GetObjectContext
#End If

Set cndPart = New ADODB.Command

cmdPart.ActiveConnection = conString

cmdPart.CommandType = adCmdStoredProc

cmdPart.CommandText = "spCPart"

cmdPart.Parameters.Append cmdPart.CreateParameter (" @v PartID",
adVarChar, adParaminput, 50, vPartID)

cmdPart.Parameters.Append  cmdPart.CreateParameter (" @vPartDescription”,
adVarChar, adParamlnput, 150, vPartDescription)

cmdPart.Execute

Set cmdPart = Nothing

#f usemts Then
objcontext. SetCompl ete
St objcontext = Nothing
#End If
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CPart = "OK"
Exit Function

errhandler:
#If usemts Then
objcontext.SetAbort
Set objcontext = Nothing
#End If

CPart = Err.Number & "/" & Err.Source & "/" & Err.Description

End Function

“CPart” is a method of “clsPart” class and is defined as public function.
The parameters that must be supplied to cal this function are defined in the

parenthesis following the function name (CPart).

It is very important to have a robust error handling to notify MTS of the
status of the component’s work. If a component’s work is not complete then the
transaction is failed for the sake of consistency of the database. On Error GoTo
gyntax is used to report an error to the client. “Err” object, which stores
information about any error that occurs, is used to provide the error messages. Err

object is an internal object of Visual Basic.

When an object is created, by the client or by another object, it must be
aware of the context in which it is being used. Objects need to know that they are
running inside the transaction, or in another case they may need to know that
certain security requirements are met. MTS provides context by creating an
associated context object for each MTS object instance. The context object
provides information about the object's execution environment, such as the
identity of the object’s creator, and if the object is in a transaction. The context
object also holds security information for the object that can be checked when it

creates other MTS objects and collaborates with other context objects in the same
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transaction to either commit or abort the transaction. If an object completes its
work in the transaction successfully, it indicates its context object that it is
complete. If an object fails to complete its work successfully, it indicates its
context object that it has to abort the transaction. When all the objects in the
transaction are finished running, MTS uses the information recorded in each
context object to determine whether or not the transaction should commit. If all
objects reported successful completion, then MTS commits the transaction. If one
or more objects reported an abort, then MTS rolls back the transaction, undoing
all changes made by all objects involved in the transaction. A context object is
defined by ObjectContext. GetObjectContext function must be called to get a
reference to an ObjectContext object. But, first, a reference to Microsoft
Transaction Server Type Library must be set by clicking “References’ on the
“Project” menu. If the method caled completes successfully, it calls the
SetComplete method on the ObjectContext object before returning from the
method call. If the method called completes unsuccessfully it calls the SetAbort
method of the ObjectContext object before returning. If an object involved in a
transaction calls SetAbort, the updates roll back even if other objects have called
the SetCompl ete method.

The “Command” object contains a definition of a command that is run
against a data source. If you are not using both ADO and DAO in the same
application, you do not need to use the prefix “ADODB” before ADO data types.
ActiveConnection property of the Command object is used to pass the required
connection information, which is defined as “conString” outside the “Cpart”
function. To use a stored procedure, CommandType property of the Command
object is set to the constant adCmdStoredProc, CommandText property of the
Command object is set to the name of the stored procedure (spCPart). Stored
procedures may require one or more parameters to be passed to them. For each
required parameter, a Parameter object should be created and appended to the
Parameters collection of the Command object by using the Append method. Then,
the Execute method is invoked. After the parameters are passed to the database,

the command variable must be set to “Nothing” not to consume the computer
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resources unnecessarily. To retrieve a data from the database, “ Recordset” object
is created. An object may need to create another object to complete its work.
Createl nstance method of the ObjectContext object is used to create a new MTS
object and pass context information to that new object.

After the classes of the project modules had been created, they were
deployed on Microsoft Transaction Server. The screen shot of Microsoft

Transaction Server can be seen in Figure 3.17.
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Figure 3.17 MTS View of Tool Management System

3.4.3 Client Tier Implementation

During the client tier implementation, active server pages were created and
deployed in Microsoft Internet Information Server. Active server pages were
created using Microsoft Visua InterDev. Tool management system consists of 4

Visual InterDev projects. LoginClientToolMng project is created to manage
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authentication. FGClientToolMng project has the active server pages for gage-
fixture module. CTTHClientToolMng project has the active server pages for
cutting tool-tool holder module. TRPClientToolMng project has the active server
pages for tool requirement plan module. The pages in each module can be seen in

the site diagram. Design view of TRPClientToolMng project in Visual InterDev

can be seen in Figure 3.18.
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Figure 3.18 Design View of CTTHCIlientToolMng Project in Visua InterDev

Visual Basic script is used to develop the active server pages. Visua tools
such as buttons, listboxes and textboxes are applied for a user-friendly interface.
The results of the client requests are presented in tables, which were created using
HTML tags. Objects in the MTS are reached by using the server side coding. The
web site is deployed on Internet Information Server by using Visua InterDev
during the development of active server pages. The screen shot of Internet
Information Server can be seen in Figure 3.19. Users enter the system through the

login page after they enter a user name and password. The login page is published
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on Internet
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Figure 3.19 11S View of Tool Management System
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CHAPTER 4

TOOL MANAGEMENT SYSTEM OF IMTRG

4.1 Overview

Tool management system developed in the laboratory of IMTRG is an
integrated and flexible tool management system. It is developed to carry out the
basic tool management functions of a manufacturing company. Integration and
flexibility properties of the system come from the software technology used.
Windows DNA for Manufacturing is used to develop the sytem. Software has
been developed using the object oriented approach, which makes the future
developments easier. System can be extended by keeping the previous
developments. The system is partitioned into modules so that necessary parts of

the system can be chosen and implemented by different users.

System is partitioned into three modules: gage-fixture, cutting tool-tool
holder, and tool requirement plan modules. In gage-fixture module, data of
fixtures, fixture assemblies, and measuring equipments are tracked. Calibration
data of the measuring equipments are also tracked in this module. Fixture
assemblies and measuring equipments have unique tool identification numbers,
while fixtures are tracked according to their types. Cutting tool-tool holder
module tracks the data of the cutting tools, used cutting tools in the tool crib,
cutting tools in the sharpening room, and tool holders. Issue, return, sending to
sharpening orders are managed in this module. In tool requirement plan module,
tool requirement planning according to the schedule and hill of tooling is
calculated. Purchase orders, receivings from vendors, parts to be produced are
handled in this module.
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4.2 Gage-Fixture Module

Gages and fixture assemblies are tracked; their data and calibration of

gages are managed in this module.

Each fixture type is given a tool ID. New fixtures can be added to the
database, existing ones can be deleted from the database, and the data can be
updated. Fixture data can be reached through the fixture search page. They can be
searched according to tool 1D, name and vendor. Fixtures are assembled to form a
fixture assembly. They can only be moved as a fixture assembly. A screen view of
fixture creation/update/deletion is shown in Figure 4.1.
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Figure 4.1 C/U/D Fixture Page

Fixture assemblies are tracked according to their unique tool ID’s. New

fixture assemblies can be created in the database by assembling fixtures. Their
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data can be updated, fixtures in the assembly can be disassembled and all the
assembly with all parts can be deleted from the database. Fixture assemblies can
be moved and these movements are recorded. Fixture assembly data can be
reached through the fixture assembly search page. They can be searched
according to assembly ID, tool 1D, name, location and status. Their movements
can also be searched according to assembly ID, movement date, moved by,

location and status. Fixture assembly search pageisin Figure 4.2.
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Figure 4.2 Search Fixture Assembly Page

Measuring Equipments are tracked according to their unique tool ID’s.
Same processes that can be done on a fixture assembly are also applicable on
measuring equipments. User can create new measuring equipments, update and
delete the existing ones. They can be searched according to tool ID, name,
location, status, vendor and sensitivity in the measuring equipment search page.

They can be moved and these movements are recorded. Their movements can be



searched according to tool ID, movement date, moved by, location and status.

Measuring Equipment search page is in Figure 4.3.
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Figure 4.3 Search Measuring Equipment Page

Users can update calibration information of a measuring equipment, create
and update calibration log, view the calibration report, get a list of measuring
equipments that have one month and one week time to calibration end dates, list
of ones whose calibration dates are expired and list of measuring equipments
whose calibration end dates are the present day. Calibration information search

page is given in Figure 4.4.
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Figure 4.4 Search Calibration Information Page

4.3 Cutting Tool-Tool Holder Module

In this module, cutting tools and tool holders are tracked, their distribution
(or issue) to shop floor, return to tool crib, sending to and return from sharpening
room orders are managed. Sharpening process is tracked. The conditions of the
cutting tools in the tool crib and sharpening room are kept. Used cutting tools are
kept in a different database table and new cutting tool issues are not allowed if

there is a used one of that tool type.

User can create new cutting tools in the system and update the data of the
existing ones. Data of the cutting tools can be reached through cutting tool search
page. Cutting tools can be searched according to tool 1D, name, vendor, location
and inventory under safety stock. Quantity on hand column in the cutting tool data
represents brand new cutting tools in the tool crib. Cutting tool search page isin

Figure 4.5.
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Figure 4.5 Search Cutting Tool Page

Used cutting tools can also be searched in used cutting tool search page.
When the tool 1D is supplied, the number of the used cutting tool with conditions
are retrieved. Used cutting tools can be in sharp, blunt, problematic and, scrap
conditions. A cutting tool can not be returned if it is unused. Used cutting tool
search page isin Figure 4.6.
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The sharpening activities carried out in the sharpening room are logged

and the inventory of the cutting tools that are sharpened and to be sharpened is

managed. Cutting tool issues are done only from the tool crib. All the blunt tools

are returned to the tool crib before going to sharpening room and all the tools that

have been sharpened are returned to the tool crib even if they are scrap or

problematic. The cutting tools in the sharpening room can be searched supplying

the tool ID. After the search, number of sharp, blunt, problematic and scrap

cutting tools of that tool type can be retrieved. The screen view of the page in

which sharpening log is created isin Figure 4.7.
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Figure 4.7 Sharpen Cutting Tool Page

Users can create and update tool holders. They can be issued to the shop
floor and returned to tool crib in this module. Locations of each tool are tracked.
Tool holders can be searched in the tool holder search page. They can be searched
according to tool 1D, name, vendor and location. Tool holder issue page can be

seen in Figure 4.8.
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Figure 4.8 Issue Tool Holder Page

4.4 Tool Requirement Plan Module

Tool requirement is calculated and purchase orders are suggested by the
computer if it is necessary for a continuity of production. Tools and their numbers
required to manufacture each part is entered into the system in bill of tooling
creation page. Production schedule of parts is entered into the sytem in schedule
creation page. These data can be searched and updated in the search pages of hill
of tooling and schedule. Calendar can be updated changing the status of the days
as holiday or workday. Tool requirement is calculated by using the data of
calendar, schedule, bill of tooling, purchase orders which are not closed, number

of cutting tools on hand, and plan parameters of cutting tools.

There are two plan parameters for a cutting tool: fixed purchase quantity
and fixed purchase cycle. If fixed purchase quantity is selected as a plan

parameter for a cutting tool, the quantity of the suggested orders is given as the
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closest number to the requirement whose multiply is the fixed purchase quantity
value of that cutting tool. If fixed purchase cycle is selected, the time period
between two successive suggested orders are fixed, which is the fixed purchase
cycle value of the cutting tool. Requirement plan of al cutting tools, requirement
plan of a single cutting tool, warning list where the cutting tools under the safety
stock levels are supplied after the each execution of the requirement plan.
Requirement plan page for all the cutting tools can be seen in Figure 4.9.
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Figure 4.9 Requirement Plan Page

Purchase orders and receivings from vendors are recorded in this module.
New purchase orders and receivings from vendors can be created, existing
purchase orders can be updated. These operations effect the inventory and the next
requirement plan. The purchase orders are fixed as planned receipts while the
purchase orders suggested by the tool management system are fixed as scheduled
receipts in the requirement. Purchase orders can be searched according to

purchase order no, purchase order date, planned receiving date, ordered by, tool
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ID and status, and tool 1D and planned receiving date. Receivings can be searched

according to receiving no, receiving date, received by, and tool ID. Purchase order

creation and update page can be seen in Figure 4.10.
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Figure 4.10 C/U Purchase Order Page
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CHAPTER 5

CONCLUSIONSAND RECOMMENDATIONS FOR FUTURE WORK

An integrated tool management system was developed as a project of
IMTRG (Integrated Manufacturing Technologies Research Group) in this study.
A tool management system previously developed in this |aboratory was used as a
basis in the development. The rules of the previous system were changed with
more common rules to make the system applicable to more plants. The rules in
Tark Traktor plant were adopted for that purpose. Tool crib has the absolute
control on the tools. All the tools have to return back to the tool crib before going
to sharpening, scrap bin or a new location on the shop floor. New functions were
added to the program. Tools can be tracked according to their locations on the
shop floor. Used tools can be retuned to the tool crib and their data is kept
separately. Tool holder tracking was added to the system. System modules have

been formed according to the changes made.

Since tool management systems may be different according to the rules of
the plants, flexibility and integration capabilities of the software platform was the
most important issue of the project. Microsoft Windows DNA was selected as the
software platform. “Windows DNA for Manufacturing” vision of Microsoft which
implements multi-tier development architecture to manufacturing solutions with
its al integration tools and the power of Microsoft on desktop and server

platforms were the reasons of choosing DNA platform.

Tool management system has been developed as three modules which are
discussed in the previous sections. These modules are gage-fixture, cutting tool-

tool holder and tool requirement plan modules. These three modules basically
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cover dmost all of the tool management activities of a metal removal based

manufacturing firm.

The major benefits of this system can be defined as follows:

?? Keeping and distributing static tool properties like name, definition,
vendor, etc. in a structured manner: Authorized users can add new tools,
update the properties of existing tools. These data can easily be retrieved
viainternet.

?? Rapid access to the locations of measuring equipment, fixture, cutting tool
and tool holders on the shop floor: Location of each measuring equipment
and fixture assembly can be retrieved easily. By using the search pages of
the system, user can track which workers have how many cutting tools and
tool holders or which cutting tool and tool holder is being used by which
worker.

?? Easy calibration management: Measuring equipments which need to be
calibrated can be seen. Cadlibration information of the measuring
equipments and calibration reports are recorded.

?? Real time monitoring of cutting tool and tool holder inventory: How many
cutting tool and tool holders are in use and how many of them are in the
tool crib can be seen. Inventory of the cutting tools are managed according
to the safety stock levels of cutting tools.

?? Purchasing planning based on tool requirement planning: System
calculates how many cutting tools will be needed for each day of the
production schedule of parts. According to this calculation, suggested
purchases are prepared using the purchase plan parameter of the cutting
tool. Using the requirement planning function, production is not delayed
because of the lack of the cutting tools and unnecessary investment on
cutting tools is prevented.

?? Online inventory tracking of used cutting tools. Number of the sharp,

blunt, problematic, and scrap cutting tools in the tool crib can be retrieved.
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?? Sharpening room activity tracking: Sharpening activities in the sharpening
room and their results are recorded. Number of sharp, blunt, problematic,

and scrap cutting tools in the sharpening room can be retrieved.

A generalized tool management system was developed in this work. But,
tool management concept is too wide. In this study, no effort is spent on making
use of tool management studies that were carried out on desicion analysis like tool
alocation, tool sharing, tool magazine arrangements, multi purpose scheduling,
etc. Reenginering schemes, which exist in the tool management software packages
mentioned in the literature survey, like mini crib implementation, tool kits and

assemblies, tool data management having technical drawings of tools are not used.

In the future, this tool management program can be further developed in
various ways. The following topics are suggested as future work of this thesis:

?? Implementation of tool kits and assemblies. Tools are grouped under a kit
ID. They are put into kits before the start of the production and issued to
the shop floor in these kits. This decreases the possibility of issuing wrong
tools and tool waiting time in front of the tool crib. Tool holders, adapters
and cutting tools are grouped under an assembly ID and form an assembly.
Assembly can be considered as akind of kit.

?? Implementation of mini crib in tool management: Tool inventories of the
tool cribsin different locations of the plant are tracked.

?? Recording the technical drawings of the tools into the database: Designers
can easily access the tool data and drawings and decide if that tool is
useful or not.

?? Tracking individua tool life using the built-in data chips embedded onto
tools. Data chips embedded onto tools can carry data. Remaining tool life
of individual cutting tools can be tracked using these data chips. So that
same tools can be used for severa jobs as long as tool life is available.
Tool life sharing between several jobs saves on the number of sister tools,

machine downtime, amount of load/unload, tool setup time, tool changing,
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kit size and cost. The problem is to measure and record the remaining tool
lifein areliable way.

? Calculation of tool requirement according to scheduled jobs and different
tool management and tool issue strategies. After jobs are scheduled among
the machine tools, tool requirement for each machine tool is calculated
according to the selected tool issue strategy. Tool issue strategies can be
grouped as tool-oriented or workpiece-oriented strategies. Workpiece-
oriented tool issue strategies are full kitting, differential kitting, resident
kitting and single tool strategies. Tool-oriented strategies are full
clustering, differential clustering and resident clustering strategies.

However, applying these strategies depend on the hardware configuration.
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APPENDIX A

UML DIAGRAMS

A.1 Use Case Diagrams

Tool Requirement Plan
i Module

Buyer

I

Receiving Department Employee

Give Purchase
Orders

Receive Tools from
Vendors

Prepare Production
Schedule

Manufacturing Engine

Prepare Bill Of
Tooling

Manage Part Data
Tool Crib Employee

Figure A.1 Use Case Diagram of Tool Requirement Plan Module
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Cutting Tool-Tool Holder Module
Search Tool Data

Modify Tool Data

Manufacturing Engineer, Issue Cutting Tool

and Tool Holder

Record Cutting Tool
and Tool Holder Return

Tool Crib Employee

i\

Sharpening Room Employee

Sharpen Used
Cutting Tools

Figure A.2 Use Case Diagram of Cutting Tool-Tool Holder Module

Gage-Fixture Module

_O

Search Tool Data

Manufacturing Engineer

Q

Modify Tool Data

N

Assemble Fixtures

Tool Crib Employee

Move Tools

Calibrate Gages

N

Calibration Employee

Figure A.3 Use Case Diagram of Gage-Fixture Module
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A.2 Activity Diagrams
Get the worker badge nD

Get the tool request

Check the tool

/ There is used tool
Get tool from used cutting tool draweD

/ There is no used tool

(Get tool from new cutting tool drawe)
Gpdate new cutting tool inventoerdate used cutting tool invento@

Figure A.4 Activity Diagram of Cutting Tool Issue

Give an Assembly ID to fixture asseme

t Enter assembly data>
Assemble fixtures ?

Update fixture inventory

Figure A.5 Activity Diagram of Fixture Assembly Creation
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{ Delete TRP log

Get production schedule
Get cutting tool list

Get bill of tooling

Galculate gross requireme@

Get purchase order

/'Purchase orijer is closed / Purchase order is not closed )

/@cord undelivered purchase orders

Get cutting tool

/ Plan parameter is FPC / Plan parameter is FPQ

Galculate tool availability according to FP@ Galculate tool availability according to FP@

Get calendar

Grepare suggested purchase9

Figure A.6 Activity Diagram of Requirement Plan Run
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Get the worker badge no

i}

Get the cutting tool returned

Check the tool

/ Blunt tool
- Put tool into blunt box
/ Problematic tool \

Put tool into scrap box Gut tool into problematic boa

Gpdate Cutting Tool Invento@

/ Sharp tool
Gut tool into used sharp b \/ P

0X
/\ / Scrap tool

Figure A.7 Activity Diagram of Cutting Tool Return

A.3 Sequence Diagrams

:Assembly :FixtureAssembly :FixtureAssemblyltem
Tool Crib Employee
. T v
! CAssembly ! CFixtureAssemny!

CFixtureAssemblyltem

_____|:;_-___.

Figure A.8 Sequence Diagram of Fixture Assembly Creation
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:Assembly :FixtureAssembly

:FixtureAssemblyltem

:FAMovementLog

Tool Crib Employee

_!_ DAssembly : :
) DFixtureAssembly :

DFixtureAssemblyltem

iy S~

DFAMovementLog

L
i
)

- |

:

Figure A.9 Sequence Diagram of Fixture Assembly Deletion

Tool Crib Employee

:Fixture

! CTool !

| 1 CFixture

I

Figure A.10 Sequence Diagram of Fixture Creation

Tool Crib Employee

:Tool :Fixture

:FixtureAssemblyltem

DTool I . I
i | DFixture 1

DFixtureAssemblyltem

T I

Figure A.11 Sequence Diagram of Fixture Deletion
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Tool Crib .Employee

Toal :MeasuringEquipment

CTool i

| CMeasuringEquipment

:

Figure A.12 Sequence Diagram of Measuring Equipment Creation

Tool Crib Employee

:Tool

:MeasuringEquipment :CalibrationList

:MEMovementlLog

DTool

] 1
I DMeasuringEquipment :

DCalibration
1

bMEMovementLog
]

L

e

e A

Figure A.13 Sequence Diagram of Measuring Equipment Deletion

Receiving Dept. Employee

:Receiving :Receivingltem :CuttingTool

:PurhaseOrderltem

CReceiving

I
: CReceivingltem

ROneCuttingTool

———

ROnePurchaseOrderltem

UCuttingTool

|

1
UPurchaseOrderltem

Figure A.14 Sequence Diagram of Cutting Tool Receiving from Vendors

91




:CTlssue :CTlssueltem :CuttingTool :UCT :CuttingToolLocation

Tool Crib Employee

CCTlssue

CCTlssueltem

[Condition=New]ROneCuttingTool

[Condition=New]UCuttingTool
N

[Condition=Used]ROneUCT

i Y

[Condition=Used]UUCT

[Condition=New]ROneUCT

[Condition=New]UUCT J
ROneCutting:I'oolLocation
! H

[CTLocation < 0]CCuttingToolLocation
1 H 1

[CTLocation > 0]JUCuttingToolLocatiol

L
|
I

-
1

Figure A.15 Sequence Diagram of Cutting Tool Issue

:CTReturn :CTReturnltem :UCT :CuttingToolL ocation

Tool Crib Employee

CCTReturn

CCTReturnltem

RONneUCT
1

uucT J

ROneCuttingToolLocation
1

T
[Quantity = CTReturnQty]DCuttingToolLocation
1

1
[Quantity > CTReturnQty]UCuttingToolLocation
1

-
[}
1
1
1

Figure A.16 Sequence Diagram of Cutting Tool Return
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Buyer :PurchaseOrder :PurchaseOrderltem

CPurchaseOrder :
i

CPurchaseOrderltem

T

Figure A.17 Sequence Diagram of Purchase Order Creation

:PurchaseOrder :PurchaseOrderltem

Buyer
1

UPurchaseOrder :
i

UPurchaseOrderltem

T

Figure A.18 Sequence Diagram of Purchase Order Update

Buyer :PurchaseOrder :PurchaseOQrderltem

DPurchaseOrder :
i

DPurchaseOrderltem

S

Figure A.19 Sequence Diagram of Purchase Order Deletion
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Part :BOT :Schedule

Tool Crib Employee
1

DPart I
1 RAIBOT

DBOT

A

1
RAIISc_heduIe

DSchedule

— (S

Figure A.20 Sequence Diagram of Part Deletion

. N : i i
Tool Crib Employee MEMovementlLog MeasuringEquipment

_i CMEMovementLog I

ROneMeasuringEquipment

UMeasuringEquipment

T

Figure A.21 Sequence Diagram of Measuring Equipment Movement

:FAMovementlLog :FixtureAssembly
Tool Crib Employee
i1 CFAMovementLog i i
I
ROneFixtureAssembly I
UFixtureAssembly

Figure A.22 Sequence Diagram of Fixture Assembly Movement
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Tool Crib IEmployee

Tool Crib Employee

1

:SendingToSR :SendingToSRItem :UCT

:SRCuttingTool

| CSendingToSR !

CSendingToSRItem

RONeUCT

UUCT

I A

ROneSRCuttingTool
1

USRCuttingTool

o
|
|
|

_— (.

Figure A.23 Sequence Diagram of Sending to Sharpening Room

:ReturnFromSR :ReturnFromSRItem UCT

:SRCuttingTool

CReturnFromSR :

|
I
CReturnFromSRItem :
1

RONneUCT

T 1
ROneSRCuttingTool
|

UUCT

USRCuttingTool
|

7
|

Figure A.24 Sequence Diagram of Return from Sharpening Room
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Sharpening Room Employee

Tool Crib Employee

—i

CSharpening

:Sharpening :Sharpeningltem :SRCuttingTool
1 1 1
| 1 1
' : :
CSharpeningltem I I
1
ROneSRCuttingTool =
USRCuttingTool

CTHlssue

:THIssue :THIssueltem :ToolHolder
CTHlssueltem
L, ROneToolHolder :
UToolHolder

ROneToolHolderLocation

Figure A.25 Sequence Diagram of Sharpening of Cutting Tools

:ToolHolderL ocation

[THLocation > 0]UToolHolderLocation

[THLocation < 0]CToolHolderLocation

Figure A.26 Sequence Diagram of Tool Holder Issue
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Tool Crib Employee | :THReturn THReturnltem ‘ToolHolder :ToolHolderLocation
I

J_CTHReturnItem

CTHReturnltem
ROneToolHolder

UToolHolder

ROneToolHolderLocation
1

[Quantity = THReturnQty]DToolHolderLocation
1

[Quantity > THReturnQty]UToolHolderLocation

Figure A.27 Sequence Diagram of Tool Holder Return

A.4 Collaboration Diagrams

1: CAssembly—» 2: CFixtureAssembly—» 3: CFixtureAssembly Iltem—»

Q :Assembly :FixtureAssembly :FixtureAssemblyltem

Tool Crib Employee

Figure A.28 Collaboration Diagram of Fixture Assembly Creation

1: DAssembly —» 2: DFixtureAssembly—»
:Assembly :FixtureAssembly|

Tool Crib Employee

«4—3: DFixtureAssemblyltem

:FAMovementlLog :FixtureAssemblyltem
1

<4—4: DFAMovementLog

Figure A.29 Collaboration Diagram of Fixture Assembly Deletion
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1: CTool—» 2: CFixture—p

Tool Crib Employee

Figure A.30 Collaboration Diagram of Fixture Creation

1: DTool—» 2: DFixture—» 3: DFixtureAssemblyltem—»

Tool Crib Employee

Figure A.31 Collaboration Diagram of Fixture Deletion

1: CTool—» 2: CMeasuringEquipment—»

4@ I:Measurin Equipment

Tool Crib Employee

Figure A.32 Collaboration Diagram of Measuring Equipment Creation

1: CTool— 2: CMeasuringEquipment—p

4@ I:MeasuringEguiQment

Tool Crib Employee

4—3: DCalibration

:MEMovementLoé :CalibrationList

<—4: DMEMovementLog

Figure A.33 Collaboration Diagram of Measuring Equipment Deletion
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4: ROnePurchaseOrderltem—»
1: CReceiving—» 2: CReceivingltem—»  6: UPurchaseOrderltem—»

g :PurchaseOrderltem
1

\
Receiving Dept. Employee C\"“'\“QT 0(_3‘00\
:CuttingTool [g5" %ﬂeC“‘{‘“g
- R

&+

Figure A.34 Collaboration Diagram of Cutting Tool Receiving from Vendors

7: ROneCuttingToolLocation —
: [CTLocation<1]CCuttingToolLocation—»
:[CTLocation>1]CCuttingToolLocation—»

00

1: CCTIssue—» 2: CCTlssueltem—p

Tool Crib Employee

:CTlssueltem

:CuttingToolLocation

:CuttingTool |« o
AN

“«

Figure A.35 Collaboration Diagram of Cutting Tool Issue

5: ROneCuttingToolLocation—
6: [Quantity=CTReturnQty]DCuttingToolLocation—»
1: CCTReturn— 2: CCTReturnltem—» 6: [Quantity>CTReturnQty]UCuttingToolLocation—»

:CTReturn :CuttinéTooILocation

44 UUCT

Tool Crib Employee
«3 RONeUCT

Figure A.36 Collaboration Diagram of Cutting Tool Return

1: CPurchaseOrder—» 2: CPurchaseOrderltem—p
. .
:PurchaseOrder| I.PurchaseOrderltem
Buyer

Figure A.37 Collaboration Diagram of Purchase Order Creation
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1: UPurchaseOrder—» 2: UPurchaseOrderltem—p

B .
:PurchaseOrder| I.PurchaseOrderltem

Buyer

Figure A.38 Collaboration Diagram of Purchase Order Update

1: DPurchaseOrder—» 2: DPurchaseOrderltem—p
. .
:PurchaseOrder| I.PurchaseOrderltem
Buyer

Figure A.39 Collaboration Diagram of Purchase Order Deletion

5: RAlISchedule—»
1: DPart—» 6: DSchedule—»

:Part :Schedule

Tool Crib Employee

<«3: DBOT
<+-2: RAIIBOT

Figure A.40 Collaboration Diagram of Part Deletion

2: ROneMeasuringEquipment—»
1: CMEMovementLog—» 3: UMeasuringEquipment—»

:MEMovementLoé|—|:MeasuringEguipment

Tool Crib Employee

Figure A.41 Collaboration Diagram of Measuring Equipment Movement

2: ROneFixtureAssembly—»
1: CFAMovementLog—» 3: UFixtureAssembly—»

:FAMovementlLog :FixtureAssembl

Tool Crib Employee

Figure A.42 Collaboration Diagram of Fixture Assembly Movement
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4: ROneSRCuttingTool—»
1: CSendingToSR—» 2: CSendingToSRItem—» 6: USRCuttingTool

:SendingToSR| :SendingToSRItem

SRCuttingTool

C1
5. UV
« ROT‘eU

Tool Crib Employee cv

Figure A.43 Collaboration Diagram of Sending to Sharpening Room

4: ROneSRCuttingTool—
1: CReturnFromSR—» 2: CReturnFromSRItem—» 6: USRCuttingTool —%

:ReturnFromSR :ReturnFromSRItem SRCuttingTool

uCt
Tool Crib Employee :UCT fBé\éneUCT
PR

Figure A.44 Collaboration Diagram of Return from Sharpening Room

3: ROneSRCuttingTool—
1: CSharpening—» 2: CSharpeningltem—p 4: USRCuttingTool—»

Sharpening Room Employee

Figure A.45 Collaboration Diagram of Sharpening of Cutting Tool

5: ROneToolHolderLocation—»
6: [THLocation>0]UToolHolderLocation—p
1: CTHIssue —+ 2: CTHIssueltem—» 6: [THLocation<0]CToolHolderLocation—p

:ToolHolderLocation

:THIssueltem

Tool Crib Employee T oo\V\o\de:de‘
kA: %ﬁe" ool
3. R

Figure A.46 Collaboration Diagram of Tool Holder Issue

5: ROneToolHolderLocation—
6: [Quantity=THReturnQty]DToolHolderLocation —%
1: CTHReturn—» 2: CTHReturnltem—»  6: [Quantity>THReturnQty]UToolHolderLocation —

:ToolHolderL ocation

Tool Crib Employee

Figure A.47 Collaboration Diagram of Tool Holder Return
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A.5 Class Diagram

Schedule
Part FixtureAssembly FixtureAssemblyltem
RoleValidator Calendar ‘Assembly
L4 [Ferany L e CRixtureAssembly() CFixtureAssemblyltem()

_ - | [+CPant l-UscheduledEvent +CFixtureAssembly( [+CFixtureAssemblyltem
+RCheckLogin() [+RCalendar() +DPart) +DScheduledEvemE [+CAssembly() +UFixtureAssembly() [+UFixtureAssemblyltem()
+CUser() [UCalendar() +RAlIParts() l-Roneschedule() [ +DAssembly() +DFixtureAssembly() 1 1. |+DFixtureAssemblyltem()
:SB:Z%MEO 1 b [raischeduieq |+ ROneAssembly( +ROneFixtureAssembly( [+ROneFixtureAssemblyliem()

RAIFi IF
+DUserTitle() Tool BOT = 0
+GetAuthentication() ToolHolderLocation
+RAITitles() N
+RONeTitle() [rCTool) 0. :ﬁggp T THissue N
+RUser() [+DTool) 0 [+CToolHolderLocation() 1. 1.5 1
" - [-ROneTool() +DBOT() [-UToolHolderLocation()
RUserTitle()
+UUser [-RAIITools() +RONeBOT() l:DToolHolderLocation() J-CTHIssueltem() +CTHIssue()
0 1
+RAIBOT( [-ROneToolHolderLocation()| [-ROneTHIssueltem() +ROneTHIssue(
[tRAIToolHolderLocation() [HRAITHIssueltem() +RAIITHIssue()
1
1 1
[
MeasuringEquipment Fixture CuttingTool ToolHolder THReturnitem L THReturn
+CMeasuringEquipment() [+CFixture() +CCuttingTool() +CToolHolder) — |—F [+CTHReturnitem() [+CTHRetum()
+UMeasuringEquipment() f-UFixture() +UCuttingTool() +UToolHolder() 1 1.* |+ROneTt )| [+ROneTHReturn()
+DMeasuringEquipment() [+DFixture() +ROneCuttingTool( +ROneToolHolder() [+RAIITHReturnltem() +RAITHRetun()
+ROneMeasuringEquipment( +RONeFixture() +RAIICUttingTools() +RAIToolHolders()
0 [tRAlIFixtures()
1]
L uct SRCuttingTool Sharpeningitem | 1+ . Sharpening
CuttingToolLocation N
" N N +UUCT() [FCSRCuttingTool() n [+CSharpening()
CalibrationList f-CSharpeningitem|
— +CCuttingToolLocation() RONeUCT) [FUSRCuttingTool) 1oL +Rsna$en:ngnemg |+ROneSharpening(
—— - UCutingToolLocation() [tROneSRCuttingTool e [-RAlISharpening()
S C:I:b;:t:ggg +DCuttingToolLocation() 1)
+RoneCalibrationg| [ ROneCuttingToolLocation( L 1x
RANICalibration() | L-RAICuttingToolLocation( . - 1x =
| | ] CTReturnitem
15 Purchaseordertiom CTissuel SendingToSRitem ReturnFromSRIitem
[FCCTReturnitem()
+CSendingToSRitem() +CReturnFromSRIitem() [+ROneCTRetumitem
Requiement [FCPurchaseOrderitem() [+CRecevingitem() [FCCTissueltem) !
l-UPurchaseOrderltem() +RReceivingltem() l:ROneCTIssueltem() {RSendingToSRitem)|  [RRetumFromsRitemQf  [RAICT! )
[+DPurchaseOrderitem() [FRAIICTIssueltem()
frRunRequirement() l+RONePurchaseOrderltem() 1% 1 1. 1
l+GetRequirementStatus() l+RAlIPurchaseOrderitem() 1
l-RAIIRequirement() 1 N 1 1 1
l-ROneRequirement() r]—l 1
[+RAIISL ase() SendingToSR ReturnFromSR CTReturn
l-ROneSuggestedPurchase() PurchaseOrder Receiving CTissue
[-CSendingToSR() I+CReturnFromSR() [FCCTReturn()
frCPurchaseOrder() +CReceiving() [FCCTissue() [FROneSendingToSR() [FRAlIReturnFromSR() [-ROneCTReturn()
[-DPurchaseOrder() +ROneRece‘\vmgo [FROneCTlssue()| [-RAlISendingToSR() [-ROneReturnFromSR()| [-RAICTReturn()
[-ROnePurchaseOrder() +RAIIReceiving() [tRAIICTIssue()
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A.6 Package Diagram

[ ]

Client Package

-3

Figure A.48 Class Diagram

[ 1

—

Business Package

N

Data Package

Figure A.49 Package Diagram

A.7 Component Diagrams

LoginToolMng

TRPToolMng

CTTHToolMng

FGToolMng

Figure A.50 Component Diagram of Business Package
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TRPClientToolMng

LoginClientToolMng

AN
1
1
1

CTTHClientToolMng

FGClientToolMng

Figure A.51 Component Diagram of Client Package

A.8 Deployment Diagram

Computers in the
factory intranet

(1

Tool Management Business Server

1

Business Package

7N

Client Package

|
|
|
|
|
|
L —a

Tool Management
Data Server

—

Data Package

Figure A.52 Deployment Diagram
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APPENDIX B

USERSMANUAL

The users manual of the tool management system will be supplied in this
section. A brief explanation about how to use the system is given under the screen
shots of the system interface. All users access the system through “Login” page,
given in Figure B.1. User presses the “ Submit” button after entering the user name
and pasword. The next page is the “Welcome” page given in Figure B.2. User can
navigate between modules using the links below. In each module, there are
options in the left-hand side of the screen changing according to the authorization
of the user.

Figure B.1 Login Page
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Gage- Fixture module includes the pages from Figure B.3 to B.8. “C/U/D
Fixture’ given in Figure B.3 is used to create, update and delete fixtures. Tool ID
Is entered into the “Tool ID” field. If one of “Create” or “Update’ buttons is
clicked, the fields of data of the fixture is appeared. Data can be entered or
updated in these fields. If “Delete’ button is clicked, the data fields of the fixture
is appeared but no change is allowed. The create, update, or delete operation is
completed by clicking the “Submit” button, or can be canceled by clicking the
“Cancel” button. In “Search Fixture” page, given in Figure B.4 , Fixtures can be
searched according to their tool ID, name, or vendor. After clicking the “ Select”
button, the parameter according to which the search operation is executed can be
entered into the textbox. Operation is executed by clicking the “Search”, or
canceled by clicking the “Cancel” button. “C/U/D Fixture Assembly” page given
in Figure B.5 is used to create, update, and delete fixture assemblies. Assembly ID
of the assembly that will be created, updated or deleted is entered into the
“Assembly ID” field. If one of the “Create” or “Update” buttons is clicked, the
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data fields of the assembly is appeared first. After clicking “Submit” button, the
tool 1D’s and the quantities of the fixtures that will be assembled are entered into
the “Tool ID” and “Tool Qty” fields. “Assemble” button is used to assemble the
fixture, “Dismantle” button is used to dismantle the fixture in the assembly,
“Update_Item” is used to update the quantity of a fixture in the assembly.
“Cancel” buttons are used to cancel the operation. In “Move Fixture Assembly”
page, given in Figure B.6, fixture assembly is moved. User supplies the assembly
ID of the assembly, chooses the status as “On Shelf” or “In Use”. After the status
Is chosen, new location of the fixture assembly is entered. “Submit” button
records the movement. In “Search Fixture Assembly” page, given in Figure B.7,
Fixture assemblies can be searched according to assembly ID, tool ID of the
fixtures in the fixture assembly, name, location, and status. Smilar to the “Fixture
Search” page, the parameter is written into the appearing textbox or chosen from
the listbox after clicking the “Select” button. The list of the fixtures in the
assembly can be reached through the link written as the assembly ID of the fixture
assembly. In “List Fixture Assembly” page, fixture data can be reached through
the link given as the tool 1D of the fixture in the fixture assembly. In “Search
Fixture Assembly Movement” page, given in Figure B.8, fixture assemblies
movements can be searched according to assembly 1D, movement date, location,
status and moved by. After the search parameter is entered, “Search” button is
clicked to get the search result, or “Cancel” button is clicked to cancel the

operation.

Measuring equipment operations are similar to fixture and fixture
assembly operations. Some attributes are different only. Attributes of the
measuring equipment are different than fixtures. Besides “On Shelf”, “In Use”,
and “Not Available’, “In Calibration” is added to the status list. Also in “Search
Measuring Equipment” page, search can be done according to range and
sengitivity additionally. The screenshots of measuring equipment pages can be

seen in Figure B.10 to Figure B.12.
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In the calibration section, calibration attributes of a measuring equipment
can be changed in “Update Calibration Information” page, given in Figure B.13.
In this page, “Submit” button is clicked after the tool 1D is supplied. The data
about calibration information can be entered into the fields and recorded by
clicking the “Update” button. In the “Create/Update Calibration Log” page, given
in Figure B.14, the list of previous calibrations appears after clicking “See”
button. “Update” button updates the record of the last calibration. “ Create” button
creates a new cdibration log. The “Calibration Report” link reaches the
calibration attributes and calibration log of the measuring equipment. In the
“Search Cdlibration Information” page, given in Figure B.15, user can list the
tools which have one month to calibration end date, one week to calibration erd
date, whose cdlibration end date is the present day, and list the tools whose
calibration end date is passed. “Select” button lists the tools according to the
search criterion selected. “Calibration Report” page, given in Figure B.16, alows
the user to reach the calibration report of the measuring equipment whose tool 1D
Is entered into the “Tool ID” field.

Cutting tool-tool holder module includes the pages from Figure B.18 to
Figure B.37 In “C/U Cutting Tool " page, given in Figure B.18, tool ID of the
cutting tool that will be created or updated is entered into the “Tool ID” field.
“Create” button creates a new cutting tool in the database and attributes of it is
entered. “Update” button updates a cutting tool data in the database. “Submit”
button records the changes into the database. “Cancel” button cancels the
operation. In “Search Cutting Tool” page, given Figure B.19, cutting tools in the
inventory can be searched according to tool ID, name, vendor, location and the
inventory under safety stock level. Similar to other search pages, parameters are
entered into the field that appears after clicking the “Select” button. Locations of
the cutting tool on the shop floor with its attributes appear after clicking the
“Submit” button. “Cancel” button cancels the operation. In “Search Used Cutting
Tool” page, given in Figure B.20, is used to search the used cutting tools
conditions and quantities. After entering the tool ID of the cutting tool that will be

searched, “ Submit” button is clicked. Numbers of sharp, blunt, scrap, problematic,
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and used cutting tools in use are retrieved. In “Search Sharpening Room Cutting
Tool” page, given in Figure B.29, cutting tools in the sharpening room can be
searched. Number of sharpened, blunt, problematic and scrap tools can be
retrieved by entering the tool ID of the cutting tool and clicking the “ Submit”

button.

In “Issue Cutting Tool” page, given in Figure B.21, cutting tools are issued
to the shop floor. Worker badge no of the worker to whom the cutting tools will
be issued is entered into the “Issued To” field and “Create” button is clicked. Then
tool ID, condition, and the quantity of the cutting tool is entered into the
appropriate fields. If there are used tools, system does not allow to issue new
tools. “Submit” button records the issue list item. “Cancel” button finishes that
Issue operation. In “Search Cutting Tool Issue” page, given in Figure B.22,
cutting tool issues can be searched according to issued to, issued by, issue date,
issue no, tool ID, and condition After choosing the search criterion and clicking
the “Select” button, the criterion parameter is entered into the field appearing.
“Submit” button brings the search result. “Cancel” button cancels the search. Issue
number link in the first column of the search result table accesses to the issue list.
Cutting tool link in the issue list page accesses to the cutting tool attributes. In
“Return Cutting Tool” page, given in Figure B.23, user can record the cutting tool
returns from the shop floor. Worker badge number of the worker returning the
cutting tools is entered into the “Returned By” field and “Create” button is
clicked. Tool ID, conditon, and quantity is entered into the appropriate fields.
Note about the cutting tool can also be added if desired. “Suomit” button records
the return into the database and “Cancel” button cancels the operation. “ Search
Cutting Tool Return” page, given in Figure B.24 is similar to the “Search Cutting
Tool Issue” page. Cutting tool returns can be searched according to retur ned by,
returned to, return date, return no, condition, and tool 1D. Return number link in
the first column of the search result table accesses to the return list. Cutting tool
link in the return list page accesses to the cutting tool attributes. In “Send to
Sharpening Room” page, given in Figure B.25, user can send the cutting tools that

need to be sharpened to the sharpening room. Name of the sharpening room
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employee is entered into “Given To” field. After clicking “Create” button, tool 1D
and the quantity of the cutting tool is entered. Note also can be added. Only blunt
tools can be sent to the sharpening room. “Submit” button records the sending
operation. In “Search Sending To Sharpening” page, given in Figure B.26,
sending to sharpening room records can be searched according to sent by, given
to, sending date, sending no, and tool ID similar to the previous search pages.
Sending number link in the first column of the search result table accesses to the
sending list. Cutting tool link in the sending list page accesses to the cutting tool
attributes. In “Return From Sharpening Room” page, given in Figure B.27, name
of the sharpening room employee is entered into “Returned By” field, and
“Create” button is clicked. Tool 1D, condition, and quantity of the cutting tool is
entered. Note can be added also. Returning cutting tool condition can be “Sharp”,
“Problematic”, or “Scrap”. In “Search Return From Sharpening” page, given in
Figure B.28, returned cutting tool records can be searched according to returned
to, returned by, return date, return no, condition, and tool ID. Return number link
in the first column of the search result table accesses to the return list. Cutting tool
link in the return list page accesses to the cutting tool attributes. In “Sharpen
Cutting Tool” page, given in Figure B.30, user can sharpen cutting tools by
clicking the “Create” button first. Then, tool ID, condition, and quantity of the
cutting tool sharpened is entered. Condition can be “Sharp”, “Problematic”, or
“Scrap”. Note can aso be added. “Submit” button records the sharpening
operation into the database. In “Search Sharpening” page, given in Figure B.31,
sharpening activities can be searched according to sharpened by, sharpening date,

sharpening no, result and tool ID. Result can be sharp, problematic or scrap.

Tool holder options are used in away similar to the cutting tool options.
They don't have conditions and do not have critical stock level since tool holders
are not perishable tools. Also data fields of tool holders are different than the
cutting tools. Search options are same except tool holders can not be searched
according to condition. Tool holder options are given in figures from B.32 to
B.37.
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Tool requirement plan module includes the pages from Figure B.37 to
Figure B.54. In “Run TRP’ page, given in Figure B.38, user can execute a new
requirement plan or see the previous execution history clicking the appropriate
links in the page. “Requirement Plan” page retrieves all the requirement data as
given in Figure B.39. In “Single Requirement Plan” page, given in Figure B.40,
user can get the requirement plan of a single cutting tool whose tool 1D is entered
into the “Tool ID” field after clicking the “Submit” button. “ Suggested Purchases”
page, given in Figure B. 41, lists all the suggested purchases of cutting tools. In
“Single Suggested Purchase” page, given in Figure B.42, user can get the
suggested purchase of a cutting tool whose tool ID is supplied. Cutting tool
attributes can be retrieved through the link written as the name of the cutting tool
both in the pages above. “Warning” page, given in Figure B.43, lists the tools and
the dates when these tools projected available balances will be negative. “U
Caendar” page, given in Figure B.44, changes the status of the days between the
dates entered into “From” and “To” fields after pressing “ Submit” button.

“C/D Part” page, given in Figure B.45, is used to create or delete parts.
Part ID and the description of the part is entered into the textboxes and “ Create”
button is pressed to create it in the database. The part that will be deleted is
selected using the radio button and “Delete” button is clicked to delete it. “List
Part” page, given in Figure B.46, is used to list al the parts.

“C/U/D BOT” page, given in Figure B.47, is used to create, update, or
delete the bill of tooling items. Tool ID of the cutting tool is supplied and
“Submit” button is clicked. Parts that use this tool is listed. New parts @n be
added, used tool quantity for each part can be updated or the selected part can be
deleted by clicking the “Create”, “Update” and “Delete’ buttons, respectively.
“Cancel” button returns to the first step. In “Search BOT” page, given in Figure
B.48, hill of tooling can be searched according to tool ID, part ID or both part ID
and tool ID. Search criterion is selected and criteria parameter is suplied. Clicking

the “ Submit” button shows the search result.
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In “C/U/D Schedule Event” page, given in Figure B.49, part ID is supplied
and the production schedule of that part can be seen clicking the “ Submit” button.
New production dates can be added, quantities of the existing ones can be
updated, or the whole item can be deleted by clicking the “Create”, “Update” and
“Delete” buttons. “Cancel” button returns to the first step. “Search Schedule’
page, given in Figure B.50, is used to search the schedule according to part 1D,
date or both part ID and date. After selecting the search criterion clicking the
“Select” button, criterion parameter is entered and search is started by clicking the
“Submit” button.

In “C/U Purchase Order” page, given in Figure B.51, purchase orders can
be created or updated by clicking the “Create” and “Update” buttons, respectively.
Tool ID, order quantity and planned receiving date is supplied to fill the purchase
order list. To update a purchase order, purchase order number is supplied and
“Submit” button is clicked. Tool 1D, quantity, planned receiving date, and status
of the purchase order item can be updated by clicking “Update’ button or the
whole purchase order item can be deleted by clicking the “Delete” button. New
purchase order items can be added by clicking the “Create” button after supplying
the attributes given above. Status can be “OK” or “Not OK” mentioning if the
purchase order item is received from the vendor or not, respectively. “Search
Purchase Order” page, given in Figure B.52, is used to search the purchase orders
according to purchase order no, ordered by, purchase order date, tool 1D and
status, and tool ID and planned receiving date. After selecting the criterion
“Select” button is clicked, criterion parameter is entered and “ Submit” button is
clicked. Purchase order items can be retrieved by clicking the link written as the
purchase order number. Cutting tool attributes can be retrieved by clicking the

link written as the tool ID in the purchase order list page.

In “Receive Cutting Tool From Vendor” page, given in Figure B.53,
cutting tools recelved from vendors are recorded. Tool ID and the purchase order

number is entered and then “ Submit” button is clicked to create a receiving. After
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areceiving is created, the status of the purchase order item is changed to “OK”.
“Search Receving From Vendor” page, given in Figure B.54, is used to search the
receivings according to receiving no, received by, receiving date, or tool I1D. After
selecting the search criterion by clicking the “Select” button and entering the
criterion parameter, “Submit” button is clicked to start search. Receiving items
can be seen through the link written as receiving number and cutting tool

attributes can be seen through the link written astool ID in the receiving list page.

When the system administrator logins the system, “Administrative Site”
link appears in the lower frame. Users of the system are managed in the “C/U/D
User” page, given in Figure B.55, in the administrative site. New users can be
added clicking the “Create’ button. Existing users can be updated or deleted
clicking the “Update” or “Delete” buttons. For these operations, badge number of
the user must be entered into the “Badge No” field. First the personal information
of the user is created or updated. After clicking the “Submit” button, title of the
user is created or deleted in the next page. According to the title chosen, user’s

accessibility to various functions of the tool management system differs.
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