SIMULATION BASEIDDELIN®F INVENTORY POLICIES AND OPERATING PROREDURES
COMPLEX, LOMOLUMELECTRONIMANUFACTURING

by

Eric Giacomin

Submitted in partial fulfilmenof the requirements
for the degree of Master @éipplied Science

at

Dalhousie University
Halifax, Nova Scotia
SeptembeR011

© Copyright by Eric Giacomin, 2011



DALHOUSIE UNIVERSITY

DEPARTMENT OFINDUSTRIAL ENGINEERING

The undersigned hereby certify that they have read and recommend to the FacultyuateGrad
Studi es for accept alMWHATIGN BASEDs MGDELI&I@G tOFt | e d
INVENTORY POLICIES AND OPERATING PROCEDURES IN COMPLEX, LOW

VOLUME ELECTRONICS MANUFACTURIN® by Eri ¢ Gi hlGlmemiofthei n par

requirements for the degree of MasteApplied Science.

Dated: Septembef9, 2011

Supervisor:

Readers:

DepartmentaRepresentative




DALHOUSIE UNIVERSITY

DATE: Septembel9, 2011
AUTHOR: Eric Giacomin

TITLE: SIMULATION BASED MODELING OF INVENTORY POLICIES AND
OPERATING PROCEDURES IN COMPLEX, LOWOLUME
ELECTRONICS MANUFACTURING

DEPARTMENT OR SCHOOL: Department ofndustrial Engineerig

DEGREE: MASc CONVOCATION: May YEAR: 2012

Permission is herewith granted to Dalhousie University to circulate and to have copied-for non
commercial purposes, at its discretion, the above title upon the request of individuals or
institutions. | undersind that my thesis will be electronically available to the public.

The author reserves other publication rights, and neither the thesis nor extensive extracts from it
may be printed or otherwise reproduced withou

The aubor attests that permission has been obtained for the use of any copyrighted material
appearing in the thesis (other than the brief excerpts requiring only proper acknowledgement in
scholarly writing), and that all such use is clearly acknowledged.

Signature of Author



Table of Contents

LIST OF FIGURES. ... rrr et Vil

A B S T R A T et e—— e e e e et m——————————a—a Xi
LIST OF ABBREVIATIONS USED.......cooiiiiiiiii e Xil
ACKNOWLEDGEMENTS ...t rmme e rree et e e Xiii
CHAPTER 1 INTRODUCTION. ..ottt e e e e smene e e 1

1.1. Company History and ENVIFONMENL..........ccooviiiiiiiiiieeiiee e 1
1.2.  Current Procedures and PraCliCRS.......ccuuuiiiieeiiiiiiiieie ettt ee e e e s siiree e e e sinree e e e e s nnnnees 2
1.3.  Measurem@ts and Data..........ccuuviiiiiiiiiiiiiiiie e 3
1.4, Relevant APPrOBCHES........ccuuiiiiiie ettt e e s e e e e e nee s 4
1.5. Problem Statement and Methodology............cccouiiiiimiiiieeiiiiieee e 4
CHAPTER 2 LITERATURE REVIEW. ... e 6

2.1, Capacity EXPANTI0......cccciiiiiiiiiiiiiiee e e e e e e aaaaaaaaas 7
A o1 (=T or= 11 o [PPSO P PP PPPPPP PP 8
2.3, APProach t0 RESEAICKL........c..uieiiiee et e e 9
CHAPTER 3 PROBLEM FORMULATION.......iiiie e 11

3.1.  Validity and DER INTEGIILY......cooooii e e e e e e e e e e e e e e e e e e e 12
3.2,  EXperiments and ODJECHIVES.........cuiiiiiiiiiiiiieee et e e e e et r e e e e 13
3.3.  System Design and ParameterS............uuiiiiiiiiiieiieeeeiiiiiiiee et 14
CHAPTER 4 SOLUTION METHODOLOGY. ...ttt eeeeineme e 16

o I B 1= T o 4 F= T To N g 1Y £ LS 16
4.2.  Maketo-Order ENVIFONMENT........ccei e e e e e e e e e e e e e aaaaaaaeeeaaeeas 18
4.2.1. Generating Feasible Random Job Schedules............c.occoiiiieiiiii e 20
4.3. Make Components t0 STOCK.......ccccciiiiiee e 24
4.4. Make SemFinish@ Go0ods t0 STOCK...........uuuuiiiiiiiiiiiiiee e 27
4.5, MAaKE 10 SEOCK ..ot r e e e e e e e e e e e e e e e e e e e e e e e e e e —————— 28
4.6.  AJditional EXPEIIMENTS.......uuiiiiiiiiiiiiii it e e e e e e e e e e e snnneees 30
4.6.1. Sensitivity of Job Randomness and Production Interference..........cccovvveeveeeveenenn.. 31
4.6.2. Sensitivity t0 DeMANd.........coooiiiiiiiiie e e 31
4.6.3. Final Assembly and Testing CapacCity..........couuuiiieieeeiaeeeeeiee e 31
CHAPTER 5 SIMULATION MODELING ....ccoviiiiiieceee e 33

LT N |V = 1= (o T ] o = oSSR 35
5.2.  Make CompPoNENtS t0 STOCK........cuuiiiiiee e 35



5.3.  Make SemFiniSh@ GOOAS 0 STOCK. ......cvuiie ittt e e eeaees 38

Lo S Y = 1SN (o T o Tox <SPS 39
5.5, SIMUIALION PAraMELEIS.......eiiiiiiiiiiiiiie ettt s e e e e e s e e e e s s s aeeeee s 40
5.6.  SIMUIAtION OPEIAtiON......uuieiiiiiiieiieee e e e e e e aaaaaas 41
ST 700 R | o | PRSP 41
5.6.2.  ANAIYSIS ..o e e a e e 42
5.6.3.  SIMUIAtiON VEITICALION.......cciiiiiiiiiee ettt ee e 43
CHAPTER 6 SIMULATION RESULTS.....ii e 46

6.1.  MaKetO-Order REBONSE. .....cciiiiiiiiiee ettt e e e e e e e e e e e e e e e aaas A7
6.1.1.  Sensitivity 10 DEMANG...........oiiiiiiiiiiiiiiee e 48
6.1.2. / 2YLI NAaz2ya .02 [ AG006.8Q48. [.LG i 49
6.2. Make-Componentgo-Stock Experiment RESPONSE........uuveiiiiiieiiiiiiieiieeiieee e, 52
6.2.1. Production Leadime ESMAatiON............ooiiuuiiiiiieiiiiiiiiece e 56
6.3. Make SemtFinished Goods to Stock Experiment RESPONSE.........coovcvvriiiierriiiiiiieeeeenns 58
6.3.1. Constant SIOCK ParamMeterS............uuuuuiiiiiiiiiiiiiiiieeiereieeeeeeeee e e e e e eeeeee s s assannsnnennes 59
6.3.2. DemandBased StOCK ParameterS..........cccuuviiiiiiiiiiiiiiiiee e ssiieeeee e ssiiieeee e snnensd 63
6.3.3. OrderUp-To StOCK ParameterS.........cuuuiiiiiiiiiiiiiieeiieeieeeeee et ee e e e 65
6.4. Make to St@k EXPeriment RESPONSE.........uuiiiiiiiiiiiiie et e e 69
6.4.1. Factorial Experiment of StOCK LEVEIS..........coooiiiiiiiiiieiieee e 70
6.4.2.  Sensitivity Of StOCK ParametarsS...........uuuiiiiiiiiiiiiiiiiiieieeieeeeeee e 70
6.5. Comparison of SYStEM REPONSES........coooiiiiiii i e e e e e e 75
6.5.1.  Feasible AEINALIVES. .......ccii ittt e e e e e e e s e e e e e e e nnneeees 75
6.5.2. Capacity in Final ASSEMDBLY...........cccviiiiiiii e ] O
6.5.3.  CapaCity iN TESHUNG......ccuiiiiiiiiiiiieee et e e e s sinrnrr e e e e s s snnnnneeeee o d O
6.5.4. Randomness in JAroCcesSIiNg TIMES........ccooeeiieiiiiiiii e e e e e e e e aaeeeas 79
6.5.5. ProducCtion INTEIfEIENCE.........cuiii it e e e e e e e e snaes 81
6.5.6.  LIMItiNG DEMAU. ........eeiiiiiiiiiiiiiee e e et e e e e e 83
CHAPTER 7 CONCLUSION . ...ttt eemre et vneee e eaa e e ees 85

7.1. Inventory Parameters and CONSIIAINTS. .........ueiiiiiiiiiiiiiiiiiie e 85
7.2, SYSIEM PArBMELELS. ... .ottt e e e e e e e e e e et bt e e e e e eeaaeeeeeened 86
7.3.  Implementation ChallErB...........couuiiiiiie e 86
T4, FUMNEE STUAY.... .t e e e e e e e s s st e e e e e e e s e nabneeeeeas 87
APPENDIX A’ Total Component Quantities in Products...............cccevvvvicciiennnnn. 89
APPENDIX BT Job Routings and TiMES........cccuuuiiiiiiiiiiimmmeeiiii e eeeeeiiis e e e e e eenmaeens 93



APPENDIX CT Bill Of MAEIIAIS .. cn e 103

APPENDIX D7 Predetermined MTO JOb SEQUENCES............cuvvueuiiiiameeernnnnnnnnns 106
APPENDIX Ei Description of Electronic Files..............ooooiiiiimn i, 108
APPENDIX Fi Setting Simulation Parameters Example............cccccovvvvieeeeeenenee. 109
BIDIOGrapNY... .o a e 110

Vi



LIST OF TABLES

Table 1¢ Production WOTKSTAtIONS ........iiiiiiiiieeeeeee e e e et e e e e e e et e e e eeaa s 11
Table 2¢ Final Assembly and TeSHMTENES. .. .uuuiiiiiiiiiiiiiiieee e 11
Table 3¢ Product Demand INfOrmMation............iiiiieeiii e s e e e s 12
Table 4¢ Main EXPEeriMENt DESIQN.....uuuuieiieiiieiiieiieee e eeeeeeeeeeeees 16
Table & Total Demand and Proportion of Sales by Product............ccccvveviiieieiiiiiiiniiiieee, 18
Table 6¢ Sample of Components and Operations for ProductS...........ccccoooeeeeii e, 20
Table 7¢ Sample Calculation of Index to SOrt.DY..........ooooiiiiiii e 21
Table 8 Makespan ResSUItS fOr PrOQUECES.........uuuuiiiiiiiiiiiiiiecceece e 22
Table 9% Example of random schedugjrdata with common routings.............cccceevviviiieeeeeiiniieeeenn. 23
Table 10; Makespan Results while Blocking Components with Common Routings.................... 23
Table 11¢ Demand of Indiidual COMPONENTS...........uuiiiiieiiiiiieeee e e e e 25
Table 12; Example of Subcomponent BatChiNg..........ccoouiiiiiiiiieeiiiiiieiee e 25
Table 13; Design Experiment for Component INVENTALY............ovvieiiiiiiiiiiieeee i 27
Table 14 Design Experiment for SefRinished Inventory Levels.........cccccooeee e 28
Table 15 Initial Experiment Design for Make to Stock Systeml...........ccoooeeeiiii e, 30
Table 16; Results of Make to Order Simulation show unstable performance.............................. 48
Table 17 System Response for Demand Rate of 5 Days per Qrder........cccvvveveeeeeeiiiiiiieiieeeneenn. 49
Table 18; Product Cycle Time and Maximum Throughput for MTO PaliCy.........cvvvveiinennnin. 50
Table 19 Possible Throughput for Final Assembly and Testing...........ccccccooeeeiiiiii e, 51
Table 2Q; Average Inventory Response for Stock Faclors...........oooveeiiiiicciiiiiiiiiiieeeeeeee e 52
Table 21¢ Make-ComponentsTo-Stock Alternative SCEeNAariQS...........uuvvuvvveieiiiireiiriieieieeeeaeeeaeeaeeenns 57
Table 22; Expected Number of Units Ordered Withidays............c.ueeveieiiiiiiiieeeeeiieeee e 63
Table 23; Average Stock of Se#fRinished Products (Rerder = 5, Order Quantity =.3)................... 68
Table 24; Average response of ten replicatiotis< 0.05) for each stocking scenaria.................... 69
Table 2% Significant Changes in Response due to Stock Levels.............cooooviceeciiiviiviiviinieeee, 70
Table 26; Two possible inviory levels for the Mak&o-Stock Scenario.............uvveeveevvieiiieeiieeeneen.. 74
Table 27 Six sets of Inventory Parameters for Further Analysis...........ccoooiiiiiieiiiiiiiiicee i 76
Table 2&; Approximate M/M/s Queuing Model Shows Analytical Performance Measures............ 78

vii



LIST OF FIGURES

Figure 1¢ SyStem STOCK POINIS.......coiiiiiiiiiiii e e e e e e s e e e e s annees 14
Figure 2¢ Number of Common COMPONENLIS..........oooiiii it er e e e e e e e e e e e e e e 15
Figure 3¢ Simulation of Ordering PrOCESS ... .uuuiiiiiiiiiiiiiieieee e 18
Figure 4¢ MaKeto-Order SYSEIM......uuuiiiiiiiiiiiiiei it e e eaaraeseeeeees 19
Figure 5¢ Makespan Results for the Number of Iterations of Random Component Sequences...21
Figurecl Aad23INF Y 2F a b BESetughtes... F.2 Nl w.l.y R, 22
Figure 7¢ Blocking Routings Results in a Compacted Gantt chart (Coloured by Component).....22
Figure 8 Component DEand MOUEL.............uviiiiiiiiiieee e 24
Figure ¢ Inventory Handling in CompoNnent StOCK...........cuuvviiieiiiiiiieiieeee e 26
Figure 1Q; Holding SemMFINISNE STOCK ......cccoiiiiiiiiiiie e 28
Figure 11 Make t0 STOCK SYSTEML........uiiiiiiiiiiiiiii it ettt e e e e e e e nnrees 29
Figure 12; Simulation JOb Release ChaIL............coooiiiiiiiiiieiee e 33
Figure 13; Make © Order Simulation PrOCESS.........uuiiiiiiiiiiiiiieee et a e 35
Figure 14 Make Components to Stock Simulation ProCess............cooviiiiiieieiiiiiiiiiieee e 36
Figure 15 SemiFinished Stock SIMUIAtIONARESS...........coooiiiieci e e 38
Figure 16; Make to Stock SImulation PrOCESS......uuuuiiiiiiiiieiiiieeeee e 40
FIgUre 17 SIMUIALION PrOCESS ... uuuutiiiiiiiieiiieiiee ettt e et e e e e et e e e e e e e e s e e e s bbb e b e saaeeaeeeeeeeeesd 41
Figure 18&; Factorial Experiment EXample.......ccccccoiiiiii e eeeeeee e A2
Figure 19 Sensitivity AnalysiS EXaMPIE........oovviiiiiiiiiiiie e 43
Figure 20; EVENt LISt EXANMD.........uuuuiiiiiiiieiiiiiieeieee et e e e e s e e s e s esaaeeeeeeeeeeeesd 44
Figure 21¢ LeadTime for Customer Orders increases with Simulation time.................ccccveeeeennn. a7
Figure 22; Replication Data for Varying Demand............cccccceeeiiniiiiniieeeiiniiiieeee e 48
Figure 23; Confidence Interval for Responses Compared to DemandAmteral Time.................... 49
Figure 24 Workstation Cycle Time and Capadiignit Product Throughput...........ccocccviiviiiiinnnnee. 50
Figure 25 Reduction of Cycle time or Demand for Feasibility............ccccvevviiiiiiiiiiiiiee, 51
Figure 26 Effect of TopLevel ComponeriReOrder Parameters on Order Leddme...........cccccoeeen. 53
Figure 2 Effect of Top Level Rerder Quantity on Component Ste€huts and Delay Time........... 53
Figure 28; Subcomponent Parameters Impact the Level of Inventary...........ccccccooeieeiiiiiiiiiniees 54
Figure 29; TopLevel Component Order Quantity requittes 15days for Stability........................... 55
Figure 3Q@; Proportion of Orders Complete for Component@®eler Levet ..............ccccvveviiiiiiinnen. 55

viii



Figure 31¢ Order Leadlime for Component R@rder Parameter.............ccccceeiviiieiiiiieieniiiee e, 56

Figure 32; Proportion of Delays for Telpevel Component Rerder Timeframé ............ccccooecvvveeeeen. 57
Figure 33; Making Components to Stock Typically Results in OrderTLieagls under dMonth........... 58
Figure 34 The Order Quantity for Serfinished Stock Impacts the Stability of the System.......... 59
Figure 3% ReOrder Level of @ni-Finished Stock impacts Delays...............ccoo oo vcccccivvvivinninnee, 60
Figure 36 Minimum Order Quantity of Three Required for Stability............cccccccvviiiiiiiiiiieeieeneen. 60
Figure 37 Low Order Quaiities Increase the Required Setup Time and Bottleneck Utilizatian...61
Figure 38 Order Leadime and Variation Compared to Sefinished Order Quantity..................... 61
Figure 39 Order Quantity Increases the Average S€imished Stock on Hand..............cceeeveeeeee. 61
Figure 4@; ReOrder Level relates inversely to Stamkts and Customer Delays.........ccccvvvvveeeeeeneenn. 62
Figure 41c Tradeoff between SemFinished Inventory Held and Le&@e...............ccccvvevveeenininnnnd! 62
Figure 42; Effect of DemandBased Order Quantities on Bottleneck Rese Traffic......................... 63
Figure 43; Amount of SemFinished Inventory on hand for DemaBadsed Order Quantities........... 64
Figure 44 Constant and dmandbased order quantities show similar performance...................... 64
Figure 45, Comparison of DemanrBased and Constant Rerder Parameters...........cccvvveveeeniinnee 65
Figure 46¢ Orderup-to Level controls the minimum number of units ordered.............ccccceeevvnneee 65
Figure 47 Orderup-to Levels greater than three show stable performance..............cccccceovnnnnl 66
Figure 48; Performance of Ordenp-to Semifinished Parameters..........cccvvveveeeeeieieiniiiiiieniieeeeee, 66
Figure 49 Production slightly less congested using dembaded ordetup-to parameters............... 67
Figure 50; LeadTime and Senfinished Inventory ofland for Ordewup-to Policies........................ a7
Figure 51c Reorder levels for semiinished stock show similarepformance of ordering Policies.....68
Figure 52; Histogram of Typical Order LEAIMES...........ccooeeiiiiiiiii e 69
Figure 53; Varying Lot Size with Seifiinishel re-order level of 5, and order quantity.1..................71
Figure 54 Lot Size Compared to Average Number of Components on.hand................ccccoee 71
Figure 55 Canponent Reorder level shows little affect on performance............c.occcvvvviiiinnnnnne. 72
Figure 56; Comparison of Rerder parameters on stoekuts and inventory on hand...................... 73
Figure 57 Orderup-to Policies for Serfinished Units show instability............cccocviiiiiiiniiiiiiennn. 73

Figure 58 Comparison of Ordeup-to and constant Order Quantity Policies show little differencer4
Figure 53 Proportion of Order Leatimes while holding both component and sefimished stock...75
Figure 6Q; Average Leatime for Custoner Orders with Reduced Capacity in Final Assembly......76
Figure 61¢ Variability in Order Leatimes corresponding to capacity in Final Assembly................ 7

Figure 62, Number of Servers in Testing compared to Average-tig@a..............cccccvvieieeiniiiinnn. 78



Figure 63; Variation in Customer Led@ne considering the Number of Servers in Testing............ 79

Figure 64 Component Stock Buffers Variability for Job Processing Times...........ccccccvveeeniiinnnee. 80

Figure 6, W2 0 @ NAF oAf AGe& AYyONBL.ASA..G1KS..020.01.Sy8901 Qa
Figure 66 Frequency of Machine Breakdowns does not change performance with MTTR = 8.h82rs
Figure 67 Performance deteriorates with MTTJReater than two weeks........cccccccvvvvviiii . 82

Figure 68 Number of Jobs added to Production Resources shows no change in responsiveness8

Figure 7Q; Bfect of increased demand on order letiche variability..............ccccccccee, 84

dzl



ABSTRACT

This simulation study considers a lewvolume manufacturing systenvhich producesomplex,
customizecklectronics Modeling demand asranewalrewad process, theimulation, inspired by the
production system and availaldlatafrom a Canadian compangxamine the performancé alternative
inventory policies andperating procedureRerformancendicators thatneasurehe responsiveness and
inventay on handshow tradeoffs between thenm orderto supply relevaninformation to decision
makers Experiments compare make-orderandmaketo-stockscenarios with various inventory
parameteras well agntrodudng variability to examine theno d erdbdsmess under uncertgin

The systenunder consideratiooonsists of three main processestnufacture finished product from

raw materials. The first process fabricates metal and electrical components from raw materialsaSecond,
worker assemblesomponentinto a semifinished productThethird requires information from the
customeiin orderto customize the product according to their neaadtest the unit t@nsurets quality.

The companyknown fortheir well-designed products amceptioml customer servicayants to

improve the accuracy of thdigadtimepromising.The current MRP control system assumes a completely
maketo-order environment where every piece of WIP has a customer order attachétbteever, a

forecast of orders likelyo materialize from the sales quotes allows production to initiate jobs before the
actual order arrives.

The approaclakento analyzing tis systan involvesstudyingthe maketo-stock,maketo-order decision
attwo stockpoints, componens andsemifini shedunits. The operating procedures examine four possible
stocking strategiesiolding no inventory, holding only component or sdimished inventory, and

holding both components and sefinished units Simulation experiments determine the tradie

betveen holding inventory and the responsiveness to the customer for each operating prScecie®

of randomness introduced to processing time, capacity, and demand, show how they respond to added
variability.

Thesimulation experiments indicatieatholding no inventoryand waiting for a customer ordeer

initiate jobs results in unstable performande order to achieve a stable matikeorder system, it would
be necessary to havditiy percent reduction illemand or product cycle timacapacity &pansionor
forecastingmethod In the absence of an accurate forecast model, holding inventory is necessary for an
acceptable level of performance. Component inventory is useful asecoaiponentsre common among
a nunber of productsSuitable componeiiventory can lead toustomer orders typically fulfilled within
two weeks. Adding senfinished inventory can reduce the customer g to under a week though
requires stocking at least a few of each semighed unit.Holding semifinished inventoy without
component stock is possibldowever, it is necessary thae replenishment quantibethree or more
units orderedt atime. Otherwise, the setup time for components exceeds the allowable limits and
resource queues become unstable, muchHi&kedmpletely makeo-order scenaridJsing an ordeup-to
parameter for senrfinished stock can further decrease the setup time incurred per unit.

The model igobustto randomness in job timg$oughit is component stogkvhich provides an
effectivebuffer to this variabilityMachine breakdowns begin éffect responsiveness measures if the
average time for repair is greater than a week. Reducing the capacity in the assembly and testing
processes can provide the same level of service indicatinggdhresources are underutilized. The

analysis of this system shows the current rtakerdermodelrequiressomeforecasto function in
steadystate, which is difficult to modetithout informationonthe current forecasting process

Expanding the simuteon model to incorporate forecasting or some other means of analysis can improve
its accuracy and credibility as a managatdecision tool.
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CHAPTER 1 INTRODUCTION

Over the past century, manufacturing @ndducinggoods with high quality standds at a low cogtas

become an essential partroény industries. In order to compete, companies devised strategies to produce
goods in the most efficient and economical wage of the earlieapproachedeveloped in the 1968 is

Material Requirements Bhning (MRP which allowed companies tcalculatethe exacamount of

material to suiti forecast oflemand. Latethroughthe 197@, MRP beganto incorporate capacity

planning and elementajgb scheduling anevasrenamed Manufacturing Resource Planr(i&P 11.)

These types of strategies have become widespread and the basis for modern Enterprise Resource Planning

(ERP)systemsalthough many companies still use MRP software for their operations.

Choosing the appropriate strategy depends on the busiméssnment and customekpectations
Regardless of the software used for controlling production, the policies fasirelgobs int@ system
needto be determined Isad on acceptable customer lggaes and customer involvement during the
ordering proess. For example, Make-Order (MTO) policies release jobs when an owrtteives which
allows the customer to customize the product as desired and elinstwtiesdnventory; howeverthis
couldresult in longeadtimes depending on the production pess Maketo-Stock (MTS) policies
release jobs based on the removal of inventehichcouldimproveleadtimes, howeverequires a

larger investment imventory, especiallywith high product variety

1.1. Company History and Environment

TheCanadian comgmy of interst sellshigh-end, technologically advancetectronic equipment
worldwide. This mediunsized production facility manufactures six products, each with hundreds or
thousands of parts and subcomponemtefacility épsoduction area, which coists of twentytwo
workstations, fabricates albmponent$rom raw materialsSemifinished products begin construction in
the final assembly area when all required comportmtdemeavailable. The estingof semifinished
productsensures the quality afie equipment and involves a customization procednige to the

c u s t oamderrAs asresult, making a completely finished product in advandeeafrder arrival isot

possible



The company was founded several decades ago and started with@nlgladtrical engineers designing
and building productby hand As a small business, they grew popular for their customized products and
exceptional customer service. Over tinthe electrical designs changeapreproductsbeganto use

similar componentsand thecompanyexpandedo keep up witlthe growing interestHowever, as the

demand for their products evolved, threleringand production process remained relatively unchanged.

1.2. Current Procedures and Practices

The currenbrdering process heavitglies onforecasting and humasianning The sales and marketing
team produce a forecast of the orders likelgdourfrom the customer quoting process, whigtecifes
theproduct, quantity, costs, and a lgade estimate or constrairthe productiorfacility receives the
forecast anghlanshow to build the necessacpmponentbefore the actual salesrderarrives Although
the company likes to think of its process as rrakerder, he current manufacturing strategy is a
combination of a mak&-orda and makeo-forecast policiesinder MRP control systemBuilding

components to a forecast reduces the setup time by combieijadps among common components.

Many problems associated with forecasting demand includahikeenterrorand the impaodf this error
on the production systerAs products are rather large and expensive, a small error in the forecast can
prove costly to th@roduction system and customer satisfactivith the sales forecast however,
planners determine how to build the nesagy components and sefimished productsWhen an order
actually arrives, the customer receives an estimate ¢ddldedime. If some of the forecasted orders do
not materializethe work completed up todhpointis set aside and used latdrough ifmore orders

arrive than forecasted, planners expedite the necessaryfobgan create inconsistencies between the
actual customer leatiime and the initial estimate and as a result, the accuracy of théiteagromise is
highly dependent on the agewy of the forecash difficulty for usingstatisticalforecass is the small

level of demand. fie averageatemight only be a fraction of units sold per month; there may be some
months with no sales of a product attder months Vth several units solBecause of these
complications, the actual lediine frequently exceeds the quote given to customers by a number of

weeks.

The company would like to examine alternatives feaimit more accurate leadtime predictions to quote
customers. €eatinganalternate gstemrequiresstraightforwardmnodificationswithin ther existing MRP

software without &ostlyinvestmenin complex computer systemalthough asalesforecast ould still



aid decisioamaking, the company would like to reduceitheliance orforecasts in favour of a more

robust approach capablermgetirg uncertain demand in a responsive manner.

1.3. Measurements and Data

Information from tlis Canadian company, obtained in 20fpfMvidesinsight into the complexiteof ths
system Thoughinformation that is more recent exist is unavailable for this researdPast data and
samplingwere used taleterminehe duration and distribution of eaelementin the production process.
Testing times are generally consistent by product thoughtsoegerework is necessary which can cause
smalldelays.Final assembly timefor productsappeamore variablethough a random samphas
reveakdthatonly sixty percent of the process timevédue-addedas it is a timeconsuming, complex

task, dependé¢ron the experience and skill of the workEne remainder of the time is typically lost due
to acquiring missing componerand technical troubleshootingltdough the standard time could
represent the fastest possible build time, the duration of firahdsdy isoftenlongerand varies from

build to build.

The goductiondepartmenfabricateseachcomponentFor everyworkstationin its routing, there exists

an associatestandard setup and unit ime measuremenStandardimestypically indicate aninimum
effectiveprocessing time angfften serveas an indicator ofperformanceatherthanactual processing

time. This allowsdecision maker# observehe performance of their production process by comparing
the difference in the overall processiimge and theexpectedstandard. Computerized or automated
tasks however, do not have much variation dhd standard timerould be ssuitableestimate dthe

actual process tim@hestandard process times are stationary and relatively Bmmaitoductio jobs

For simplicity, thesetimesareassumedo be theexact duration foproductionjobs. However, de to the
complicated nature of final assemialyd testingther processindgime can be thought of asrandom

variable to model its natural variation.

Theprocess timeenly identify the valueaddedime for thecomponenproduction process. With the bill
of materials and component routingds possible ta@wreat a complete and detail@aterpretatiorof how
components transforfrom raw material$nto afinished productMany other factors are present in the
realsystem, thoughot as well understoggduch as machine breakdowarsd maintenance, component

turnover rates or expingupplier leaetimes,andothersources ohaturalerror.



1.4. Relevant Ap proaches

Whenamanufacturing systemsesMR P, or &6 p u s h theytequisea dmantddrebasiitls ,
deterministicsupplier leaetimes to calculate the order time and quarfitynecessary supplie. 6 pul | 6
based systemwherethe removal of invetory triggersordersfor stock replenishment, shows some
advantages in controlling WIP over push based production strat8giee pulkystemsmplementpush
policies for some processesferred toashybrid strategiessuch aghe conventionafiConstart Work-in-
Progres® or ConWIPapproachwheretheremoval of inventory triggerhe release ofvork-ordersto
pushjobsthrough the systenRurepull strategies likékanBarbrequire stock points and inventory

between eachtep of the procegsiopp & Spearman, 2004)

Literature m other production techniquéss expaneédover the past few decades as operations research
and computer simulation becompeevalentin industry. Welldocumented manufacturing strategidse
pushandpull, have not been geervasivein theircommercialpplication sinceneitherstrategygenerally
out-performs theother,asit is highly dependentrothemanufacturing environmeind industry

conditions Othertechniques, t@xamine alternative metlds ofanalysisn industrial systembave

recently gained acceptance ardthe focusof rigorousresearchSuch methodsclude butarenot

limited to, operations research and job scheduf{Mgn Nyen, Bertrand, Van Ooije&, Vandaele, 2005)
capacityanalysis and expansi¢Ahmed, King, & Parija, 2003simulation modelingSanchez, 2006)
delayed differentiatiofGupta & Benjaafar, 2000andprocesse-design(Lee, 1996)

For the company under consideratimfiprmation on machine maintenance, purchasing and installation
costsis not available and ardollar value associated witthesefacility resourcesvould require cost
estimatsin orderto compare alternativeBrocess r@esign requires a holistic understanding of the
fabrication process. Indeedany model parameters are subject to the accuratyeafssociatedmpirical
measurement hus, éta fromthe facility islimited to the current production proce§heproduction

data available pertains to components ted jobs; thereforethis research focuses amventorypolicies

and leaetime as buffers of demand and variability.

1.5. Problem Statem ent and Methodology

This researchattemptdo identifythe tradeoff betweerinventory heldn stockand theresponsiveness to
the customewithout a forecasirom recent quoteg\pplying inventory parameters to an MRP control

system involvesimply changng the job release and ordering policsesthat predetermined inventory



levels or customedtrrivalstrigger work orders and ntiteforecast A simulation model of the system can
identify the tradeoff between holding inventory and the responsivenesagtomer demandy testing

each scenario, the company can judge the performance and acceptability of each policy. When introduced
to sources ofandomnesghese tests reveal thmnsequenaof such variation on theeasures of

performance

Placemenof inventory stock in the systedeterminsthe operating proceduseln the absence aftock

on hand, the systebecomes completely mak&o-order scenario where each component exigitsa
particular ordemattached to itWith a completelynaketo-stod system, orders initiatiie testing process

by removing semfinished units. If only a particular section of the system keeps stock on hand then the
ordering process and job release policies reqppropriate operating procedarélolding only
componehstock enables orders to begin in final assembly by removing component invéetuioling

only semifinished stoclallows customer adersto commencet testing.However, in this casstock
replenishment begins with raw materjalaly making the necessacomponents to fulfil theemt

finishedstock requirement.

To complete the objectives set forth, a review of the existing literature in Chapter 2 details the
background andonventionabpproaches of analysis. Chapter 3 describes the specific dethits of
systemunder considerationyhile Chapter 4 documents the steps taken in the analysis gfstieens the
parameters andperating procedure€hapter Jevelops the simulation processes and model of the
system The resllts detailed in Chapter 6 idefyithe tradeoffs in various performance measurements.
The resultof thesimulation experiments, generalized in Chajgteshow how managerial decisions
affect the performance of the systehhis can allow managers igentify furtherareas of researchat

could continue to improvtheir system.



CHAPTER 2 LITERATURE REVIEW

While there is extensive literature on manufacturing strategiegeneral approaaxistsas each
manufacturing and business situati@suniquechallengesEven well respectestrategies such as
Toy ot aob strattgy mBjee tessuccessfuin other manufacturing systertidopp & Roof, 1998)
Literature @ Maketo-stockand Maketo-ordersystems habeen documentday ArreolaRisa and
DeCroix(1997)and Rajagopalaf2002)for some typicamanufacturinggnvironmentsThe conditions
necessary tpreferoneparticular strategy depends heavilyaustomerexpectation®f leadtime andthe

c o mp a Howébkinvastment irinventay. Themain tradeoff for a MTO system is the increase in
number of setups and variability of processing tiness of capacityieading to congestion and
increasinglyariable lead timefRajagopalan, 2002However, Rajagopalaf2002)notes a similar trade
off in the MTS system as sonséocking parameters, suchlassize affectthe cycle and safety stocks of
that item as well aghe number of setups. He finds that the MTS/MTO decision, and likewise the choice
of lot size, is a function of demand rates and processing capacity available.

Gupta and Benjaafg2000)discuss the MT8ATO decisionand findthata good alternative strategy is
delayed differentiation, which delays prodsgecific features unttheir demandmaterializesOne of the
majorbenefits is the reduction in leatiime becausesemifinished goods require less tinrecomplete
thana puremaketo-order systemHowever, in contrast with make-stock systemsielayed
differentiation typically results in lower inventory costge to inventory riskpooling and decreased
holding costsDelayed differentiation is particularly usefnhen there is high product commonality, high
product variety, or medium system utilizati@upta & Benjaafar, 2000 attaniet al (2002)developa

si mil ar ¢ oSpackéngdwhereaomé awmmof components are memstock and others,
typically customi zabl e, ar earies®ensuretcustontizecdoponentsT he f a
pre-empt standard or common joli3ommon components wait for availalslgpacity while inventory of
common componentzovides a buffer against variaility . This flexible-capacityapproactproduces

preferable resultaslong asthe cost for thtresourceas not too high(Cattani, Dahan, & Schmidt, 2002)

While these policies have their benefibptimal drategiesdevelopedy ArreolaRisa and DeCroix
(1997) showthatthe costingunit canhave asignificantinfluenceon thedecision to produce an item to
order, or stock In their model, each t &M@ or MTSstatusdepend oninventoryand backorder
costs system utilizationdemangand manufacturingime randomness. Thaesults showhat if

backorder costs are @ollarsper unit, the randomness in prodagdimes does notaffectthe MTO/MTS



decision although i can reduce optimal inventory levels. However, if the backorder costs are in dollars
per unit per unit time, the randomness in processing traes quantifiable effect on tMTO/MTS
decision(ArreolaRisa & DeCroix, 1997)

TheMTO/MTS decisiorhoweverdoes not imply the type of control system. Hopp and Spearman note
that the push or pull distinction is independent of the MTO/MTS decfslopp & Spearman, 2004)

While hybrid strategieare commonin practice the debate betwed¢hne merits and disadvantagegosh
and pullsystemdhas beenvidely researchedetermining whether a push or pull system is appropriate
for a givensituation depends upon le#ithe variability and demand predibitity (Karmarkar, 1991)

The most widely cité advantages of pull systems #re inherent limgon WIP to withinpre-specified
limits, which canreduce congestioand inventory costwithin the production systefiSpearman &
Zazanis, 1992)Push systems howevemderlie mosMRP softwarghatbecame popular in America
duri ng t(Hopp &5Pe8rdan,s2004)

Regardless of the particularstgm.,its parameers can influencperformanceStock levels are one such
parameterln some caseshe parameters could refleetorder and order quantity levels, and in others,
WIP levels. Hopp and Ro@¢1998)discuss seitig suchWIP levels within a CowIP framework. By
considering the necessary throughput rate for demamdrements, calculation of appropriate WIP levels
followsL i t tLdweWiRs= Cycle Time x Throughput Ratelopp & Roof, 1998)Karmarkar(1987)
explores the impact dbt sizes on manufacturing ledithe for a standard M/M/fjueuingmodeland

finds that conventional @nomic Order Quantities () lot sizestypically based on unit ansketup
codgs, differ from the acceptable lot sizes found in his moBeksona et al. (2007) develop optimalsv
of safety stock for MTO andTO (Assemblyto-Order)systems depending @arvice leves (Persona,
Battini, Manzini, & Parschi, 2007)Brander and Forsbef@006)develop methods for determining
safety stock leveland minimizing production coster astochastic economic lot sizing problem

producing multiple items on a single mach{Beander & Forsberg, 2006)

2.1. Capacity Expansion

Though observing the system with respect to inventory strategies remains the focus of this research, other
types of analysis and problem solving techniques could préwitteerinsight and deserve mention.

Capacity expansioand plannindghas been the subject of extensive rese@elvis, Dempster, Sethi, &

Vermes, 1987yvheremodels withdemandderivedfrom deterministidorecasts experience the imaet

consequences not planning for uncertainty. Davis et @ll987)describe a straightforward modaht
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includes two conditions that expand on previous capacity expansion methods. The first is uncertainty in
demam and the second ibat acapacityexpansiorprojectrequiresa certain cost and time to achieve the
added capacity. Their dynamic programming approach creates affdédtween cost dhventory

shortage and overages. Indega number otapacity expasion approaches uaesubjective cost value to
minimize cost or maximize profit. Ahmed et €2003)formulate an integer program model to review
various solution heuristics. Though subjective costs still existsmtiodel, they suggest these types of
models allow for logistical constrasifficult to implement with dynamic programming approaches
(Ahmed, King, & Parija, 2003)

Other forms of capacity expansion introduce a speciidition or feature in the model to analyze

capacity requirements. Most common types of these analyses in manufacturing and production
environments consider scenarios such as equipment replacement and machine @namyavicClurg,

and Ward2000)develop a modéb find the optimal purchasing schedule meeting both capacity
expansion and machine replacement requirements. This combines two widely explored problems in the
literature into a single model and suggestsagiygroach could offer some advantages as opposed to
separate models for both capacity expansion and machine replacement ébbhbrsis McClurg, &

Ward, 2000) Another common type of machine analysis is fllexibility within the systemResearch by
Chandra and Tombgk991)showsthatflexibility designed into the systerand managed correctlgan

minimize production costs.

In a model similar to the one explored in this research, Van Ny al (2005)find setup costs as the
dominant factor in their simulation experiments and advocatan}istne strategies to achieve the
requiredreduction in setp. Other job routing heuristicas described by verbakh and Bermafi1999)
attempt to approximate an optimal schedule whitgbasearchalgorithm,evaluated byhe
decomposition of routings arajob-shop scheduling syroblem canadapt to different objective

functions(Brandimarte, 1993)

2.2. Forecasting

Forecasting demand is common practice among organizationssangegof over one hundred Canadian
companiesn 1997indicatesmost use judgemental and rstatistical forecastig methods. Although
newer statistical methods of forecasting have been widely cited by academadsand medium
businessetypically rejectthese mathematical models in favour of basic metsods asales force

composite, jury of executive opinioryrseys or simple moving averagédscademics commonly teach
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thatforecasts should not only be a single value but a statistical confidence irteadly 28% of firms
sampled reported using a range for forec&3stshe 62% of firms that monitor the acaay of their
forecasts, the most common method is a visual analysis to determine its suitélaiisen & Flores,
2000) Bunn and Wright1991)examine judgemental versus statisticatfmsting method3hey suggest
a structured judgemental process can outperform statistical methods in etyfEtalcasegBunn &
Wright, 1991) Indeed not all events are completely random, and prediction of futurevsitsiteslvance
informationof future orders can enhance the accuracy of the forecast. Recently, computer communication
and decision technologi@s industryhaveenhancd the performance of therganizationatlecision
making hierarchyHuber, 1990)As human errowill always exist in judgemental forecaststatistical
methods are not prevalent in industigspite continuingesearcHor a variety of applicable conditions
Freeland and McCal{2004)develop a forecasting model usingiateger, lowvalued time series.
Although he system they studied represents wlagsbenefitclaims,their model could apply to this
research in better predicting customer arrivals by using estimates obtlit@zain the forecast and not a
constant number of uni{(greeland & McCabe, 2004)

2.3. Approach to Research

The approachisedto examine the system in question avadalys difficult to model computationally
such agorecasting methodslue to the lack of data availabsnd capacity expansion analysise to the
subjective cosbased nature of decision variables. A model of the fagiigated using computer
simulation candetermine the performance of various in@gtscenarios without subjective
measurements and speculative d&tane valid approaches outside the scope of this research deserve
recognition They includemany welldocumented problems in industsuch as batchingolicies, job

releasemechanismsandinventoryrisk pooling which can apply to this system

The conventional Economic Order Quantity (EOQ) model determines the replenishment quantity that
results in the minimum average coshough researchers have devoted many studies to extensions of the
EOQ modelit assumes an infinite planning horizon and can lead to unrealistic inventory pgliares,
1994) Various lotsizing approaches suggested by Roufi®s6)include dynamigprogramming

algorithms and stationary policieshile Tarim et al(2003)examine integer programming models and

heuristics under stochastic demands.



Job release mechanisms operate according tepgarefied strategis and play an important role in the
performancef production systemd heflexibility in the job routingcanimprove performance, though
highly flexible systems diminish the impacttbt order release mechanisas suggestdd a simulation
study by Newnan and Maffe{(1999) Ragatz and Mabe(1988) examine common queuing and
dispatching rulessuch ag-irst-comefirst-serve FCFS) Shortest Processing Tim8RT) andEarliest
Due Date EDD.) Theyshowthatwhile some sequencing poiés outperform othersmanagement could
rejectsuchin favour of a less complex strate@@agatz & Mabert, 1988Hendry and Kingsma(iL991)
devise a strategy for small mate@orderoperations, whicltombines marketing and production
functions. Other work by BeBaya and Raoufl994)model the leadime as a decision variable and
attempt to minirize the total cost.

To handle variability in systems, one must utikmenecombination of three buffers: inventory, capacity,
andleadtime (Hopp & Spearman, 2000fomparing inventory pooling to capacity pooling, bemefit of
pooling inventory decreases with increased utilization whexeasgcapacityto buffer variability
appears to increase the relative ber{@@njaafar, Cooper, & Kim, 2005pther models for risk pooling
of invertory include Wend1999)who observes effects of risk pooling under uncertain demand and
product modularityandTagaras and Coh&t992)who find a heuristic algorithm to computear

optimal ordetup-to levels for multilocation systemavicClelland(1988)examines a MTO company with
modular subassembly product structures to observe the interaction betwivastireProduction
Schedule MPS) andthe accuracy dadtime promising Shefinds methodshatmonitor capacity have a

higher percentage of promises k@édtClelland, 1988)
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CHAPTER 3

PROBLEM FORMULATION

This Canadian facility has threstages in & manufacturing proces3heinitial productionarea used for

fabricating metal and electricabmponentsconsists of théwentytwo workstations irifable 1. Each

product consists ofundredsof differentcomponentseachwith known setup timeruntime, and routing.

Some componds have subcomponentghich arerequiral in order to start thérst job of the parent

componentas the bill of materials (BOM) has several levBlachworkstation has a capacity of one with

the excepion of the miscellaneous (MISC) statiarhich has an estimatedpacity of sixparallel

servers

ASSY CuT LATHE | PARTS| PSASSY COILS
ATST DM MILL PASH PTST PASL
BEND DRILL MISC PLATE | PUNCH

CABLES| FMCUBE| PAINT PRGM SILKSC

Tablel ¢ Production Workstations

The secondtagen the procesdinal assemblyconsists ofix parallel serveravailable for assembling
components inta semifinished productwhich then requires a customer order to complete theRath
product equires acertainnumber of hours foassemblyPast data of actual timesiggest the time
required followghelognormaldistribution inTable2. The final part of thenanufacturingorocess
requires a customer orderrtake customizd adjustments and testthe quality of thesemifinished unit
beforedelivery. Eight parallel servertestthe semifinished productand according to past datservice
time appeardriangularly distributedHowever if the need for troubld®oting arses andhe product
requires reworkadditional timeincurred followsanothertriangular distributionalsoin Table2.

Product Final AssemblyLognormal) Testing(Triangular)

Mean Time (hrs)| Variance Initial Time % Reworked | Rework Time
1 25.03 2.1 (18, 20.1, 23) 5.1% (3, 8.6, 12)
2 24.5 15 (18, 22.3, 25) 4.2 (3,9.2, 13)
3 43.85 3.0 (22, 26.6, 33) 6.6 (4.5, 13.8, 21)
4 74.07 5.5 (32, 37.2, 45) 6.3 (5, 21.3, 30)
5 41 3.6 (28, 33.5, 38) 9.9 (3.5, 6.5, 11)
6 68 5.2 (34,42.4, 48) 12.1 (4,12.4,19)

Table2 ¢ Final Assembly and Testing Times
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The company has recordtuk products soldor each orderthe order quantity, and the date of each sale
overthe past two year3.here is no identifiableeasonality or trend. However, the available ddtaws
thatcustomer intearrival times for each produappeaexponentially distributedccording to

parameterin Table3. The order quantity also follows a Poisson distributfouastaners typically order a
singleunit, asd ¢ Q'Q @ O p; ordess for multiple products arrive accordingtt® ratesn Table3.
Thedemand mdel isconsistent witha renewatreward proceswith Poissorparameterslescribingooth

the renewahndreward distribtions. This type of process considers the time between events, renewals,
and theorder quantity, the reward, and witiese two parametersnecan determine the loAgrm

average rate of demand for a particular product.

Product Ir_wter-arrival Rate Qrder Q_uantity
Pois®n(orderd day) Poissorfunits/order)
1 0.04693 1.43
2 0.08556 1.33
3 0.08647 1.56
4 0.05010 1.31
5 0.06017 1.26
6 0.07512 1.16

Table3 ¢ Product Demand Information

3.1. Validity and Data Integrity

Measurements fro theactual systemare required to build a representative model of the syflemand
measurements originate from the sales informatidrle data on job times from production require
actualtime measuremenDepending on thproduction stagehe duraibn of a particular process could

fluctuate for a number of reasons and this eliminates the possibility of a determitédgiamary

processing timeAs jobs for final assembly and testing require a human operator, the model should reflect

the inherent viaability. Though this research uses past data to determine the distribution of job times,
incorporatingother conditions such as learning cury@sductspecific trainhg for operatorand their
individual service ratg could improvethe credibility andaccuracy of the modeFor personal

allowances, the impact on total productive time could vary depending on the availability of the worker.

The particular allowances given to workers require modifications to either the number of productive hours

per day o the processing timgtandardsFor example, if there are seven productive hours out of eight
work hours then themodel should reflecduchdowntime as realistically as possible to create an

appropriately o6softodé system.
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The dataused for this modeakpresents the format of the actual systeat we studiednodifiedto some
extent in order taimplify the parameter®ataon particularsales and productexcluded tgrotectthe

c 0 mp acompétiiveconfidencecan only indicate the average rate of Saléhe actual sales process is
more complex as an intensive quoting process allows production to begin before the actual sales order
arrives. Integrating real variance into a model requires information and data on the process and if
unavailable, requiresmaplifying assumptionssuch as eight productive wehlours per day with

processing timstandards extended compensafor the variouspersonal allowances of wonlgzor

customer orders ariivg at random with no quotingr forecastingrrocessThis allows the model to

simulate a similar, simplified system without amgasurementisom the quoting process or production
availability.

A simulationmodel carbe used tdest various alternatives pfoductionpolicies andnanufacturing
strategieslf the measurements do not reflect fha@rameters aheactual systenthemo d erésj@orse

could be misleadingpemandmeasurements refletite past two yearandthe moded s r eshquld n s e
imitatewhat would have happened over the past two years for eachiisc@vigthout any patternfor
statistical forecastingvidentin demand, the kstindication ofthe future igpastsales historylf

sufficiently accurate forecasts can predict demgaslingthe predicted measurements can allow the
model todeterminewhat will happenat this measurement argpecificoperating procedure¥wo key
indicators, tle leadtime to the customdrom the time of ordeandthe average level or value of the

inventory on handmeasure the overall performancehaf system

3.2. Experime nts and Objectives

There are two stock points available along the productionriféurel, semifinished goodaind
component inventoryl he focus of these experiments is to examine the effects on responsiies
holding different levels of inventory at one or both of the available stock pointswolpotentialstock
pointscreate foul2?) possible systems ook at each with many possible variations depending on the
parametersand even morpossibilties if differentcomponents can have different inventpoficies

First, a purely MTO system would push all orders from raw materials and hold no inventorn\gieept
which,in a purely push system, is unbounded. Secopdrely MTSsystemstocksboth @mponent and
semifinished goods. The remaining two systems havg component inventoryor only semifinished
goods with operating procedures and policies describgdhapter 4Maketo-stock strateigsrequire an

investment in inventorfor improvedperformance antesponsivenessver maketo-order strategies.
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Figurel ¢ System Stock Points

To model system alternatives, operating procedures that govern the fioatesfat and information
throughout the facilityequirespecific and gpropriateguidelines Although the makéo-order or make
to-stock decision is independent of push, pull, or hybrid production control sclidommgs & Spearman,
2004) for items that are stocked it is assunieat brders for the item are triggered by inventory removal
somewhere in the systemaking such sections pull based. Products or coemisrthat are made-

orderpush the requirebbsthrough the systemat thetime ofa customeorder.

In addition tothis toplevel experiment, o#r quantitative experimentieterminehe re-orderand order
guantityparameterfor eachscenario Sensitivity analysedetermingheresponse tother demand rates,
randomness ijob processing timecapacity in final asserhpand testingandindicate theobustness of

the system. The renewadward demand modeteates additional difficultieas opposed to the typical

Poisson processs orders for multiple units cause large variations in demand. Policies that gradually
renove inventory to fulfil longterm contractaimto aggregate, aeducethevarigbility perceivedn
demandFor example, a contract could arrive and order many units with a specified due date, and instead
of a single order for 21 units, releasing thre@ésia week for seven weeks coutdlucethe perceived

congestion in production and allow for the processing of other cusiosnders, reducing any backlog or

time waiting in queuel'o compensate for largmntractorders, limiting the order quantity tihreeunits

per ordelin the simulation modedffectively controé the variability perceiveth demand

3.3. System Design and Parameters

The design of experiments determitiesfeasibility, performance, and trad#fs for each alternative
One importantdstfor this system is the necessity toldwwomponent®efore the sales order arrivesr

wait for theorder to makéehe requiredcomponentsThe job release policy for making components to
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fulfil a customerorder must consider the sequence of jobs shlarough the system with respect to
component routings and necessary-soimponents. Making componesttck alsorequiresconsideation
of routings and subcomponents; however, inventory lddeteme the job release mechanism instead of

the predeterming job schedule.

Onekey aspect othis system is thiarge numbeof identicalpartswithin product familiesProductsl-4
and 56 in Figure2 showthe number oEommoncomporents in each produddf the 188 components in
produd 1, product 2 has 171 components in common, product 3 haarid froduc# has 104and so
on. Therefore, bldingcomponent®ck, common to several productsuld be an effective method to
reduceleadtime, congestiomndthe required investment inventory.

Product/ Number of Common
Components Between Two Products ! 2 3 4 5 6
1 - 171 116 104 1 1
2 - 129 122 1 1
3 - 152 3 3
4 - 3 3
5 - 132
6 -
TotalNumber of Components in Produ¢ 188 194 214 245 163 160

Figure2 ¢ Number of Common Components

Under these business conditions, a simulation of various policies and inventory parameters can reveal the
performance of each scenar@omparinghe performance measures between the system designs can

allow usto determine how applicable certain policéegs.By considering a wide range of different

inventory parameters, we can observe the todffebetween these parameters and performance

indicators.
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CHAPTER 4 SOLUTION METHODOLOGY

A discreteevent sinulation model of the Canadian facilitas beemleveloped using SimPy, a simulation
language based in Pythdn examinghe various alternatives. In order to effectively model and simulate
the system, each part of the manufacturing process runs asasgpacess in the SimPy model.
Modeling the production system requifesmulatingthe demand proces®b release policies, inventory
parameters (rerder point, order quantity) for stocked itemdth the availabléill of materials structure
andcompaent routings and job times orderto yield an accurate resportbatdemonstrasthe effects

of certain factors and conditions in the real system.

The design of experiments should reveal if any factors, or interactions between factors, significantly
affect the customer lediime or average inventory levels. The mafriatorial experiment design in
Table4 describes the system alternatives of inteésthin this main experimentuftherexperiments
conductedor a numbepf parameter settingdetermine theffects ofinventory levelsaand different
policies The design oéxperiments on inventory models have been studied by(RaO7, pp. 626 36).
The different design pois plotted on a response surfaegnple the effects due to the factors and their
interactiongSanchez, 2006)

Design Point Production Final Assembly
(Model) (Components) | (SemiFinished Units)
16 MTO MTO
2 (+,7) MTS MTO
) MTO MTS
4 (+, +) MTS MTS

Table4 ¢ Main Experiment Design

4.1. Demand Analysis

From thedemand arrival process, pocess described ifable3, the longrun average demandte F(s)
= K F(a) = 0.404 orders/dayin (0.1) for a given product is the expected order quamgjtydivided by
the expected intearrival time & (Ross, 2007)The overall demand rates for product3 able5 indicate
the average number of produotsleredper day. Though this ratanreflect product demandith a
single parameteit is important to remember that thestomeiordering process consists of two facets,
the inte-arrival time and order quantity. For this exercemeassumption thahis results in &Poisson

procesdurthersimplifiesthe demand model for components.
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;'— 0.1)
Though the total demand rate with assumed Poisson distributions for each product can estimate demand,
it is not a suitable model for simulating the customer orderingegedaisteadit formsthe basic

guideline for component inventoparametersThis allows the component inventory levels to vary

according to their deman@;. The sum of the total demand rate for each product, multiplied by the

quantity of a component ihe given product);;, creates a compound Poisson process estimating the
component (@&Rass, d087na (0.2). This allowsestimates of inventory parameters to reflect the

demand for each coropent with a limited number of parameters to set.
0 0p 'O 0.2)

To model the ordering process, the product ateval rates followindependent Poisson procesdgsin
Table3, the sum of which yields a compound Poisson proce§s3hdescribing the overall intearrival
rate for customer orders. The customer arrival rate isutmeos the product arrival ratéRoss, 2007)
For the past two years of data availabieaveragearrival rate E(Dy), is 0.40435 orders per day, about

one order every two and an half days, or 20 work hours.
(0] (0] (0.3)

For this overalcompound demand process, the probability that an order from a particulanoselss of
product demandn (0.4), identifiesthe proportion of orders fa@achproduct inTable5. Using the
proportion of sales and superimposed arrival process, simuéataygpropriate model of customer

demand follows the processkhigure3.

0 00 QdO1 QO ¢ CQi ? (0.4)
Proportion of Average Demand
Product Sales (units/day)
1 0.1160 0.0671
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2 0.2115 0.1137
3 0.2138 0.1348
4 0.1239 0.0656
5 0.1488 0.0758
6 0.1857 0.0871

Table5 ¢ Total Demand and Proportion of Sales by Product

Orderinter-arrival times generated according to the customer arrival progh#s arandom Uniform (O,
1) variabledetermines th particular product ordered with respect tgitgportion of sales. Random
Poisson variabkedeterminghe order quantitpf the productccording to the historicaformation A
number of modifications could generalize this arrival process to incoepdifferent distributions

though itclosely represents the characteristics of the actual process.

Generate Customer Arrival
Time

Generate Random NMumber
R = {(Uniform (0,1})

d

If R<0.116063
Product = Product 1
Order Qty = Poisson (1.43)

If R<0.327662
Product = Product 2
Order Qty = Poisson (1.33)

If R<0.541511
Product = Product 3
Order Qty = Poisson (1.56)

I

If R< 1
Product = Product 6
Order Qty = Poisson (1.16)

If R=0.81422
Product = Product 5
Order Qty = Poisson (1.26)

If R<0.665414
Product = Product 4
Order Qty = Poisson (1.31)

1

Release Jobs into System

Figure3 ¢ Simulation of Ordering Process

4.2, Make -to -Order Environment

Modeling a pure makto-order system implies that each jodn be attached to a particular customer
order as illustrated iRigure4 with no inventory held except for raw materials and work in progress. This
model issimple with no stock parameters involvddowever, the sequencing aitjs could affeicsystem

performanceThe optimal solution to minimize the makespan of agobp scheduling problem is NP
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complete and unsolvable in polynomial time for more than a few madi@aesy, Johnson, & Sethi,

1976) Due to the large number of machines (22) and jobs (thousands), an optimal solution is

unattainableh owever, finding a relatively 6égoodd makespa
schedules ensures limiig makespan have some measurerganizationThough extensivéterature on

heuristics for job shop scheduling problems exists, none replib&texact conditions required for an

accurate analysiaf this systemTypical priority schemedike FirstComeFirstServe (FCFJ are not

effective,asead order would release hundreds of jebaultaneously

Raw Materials Final Assambly H Testing To Customer
Customer Initiates Crder '

Figure4 ¢ Make-to-Order System

While it could be beneficial to find a new sequence every time new jobs enter the system, it could be too
complex to generate a decent ramdschedle within a practical timeinstead of generating schedules for
every set of circumstances, a job sequence is associated with a particular product and whenever ordered,
triggers the predetermingab releaseWhile repeatedly finding different rdom schedules could be
impractical, it could be possible torangeor preprocesgobsin a particular logical patterio reduce

waste or resource traffitndeed many other extensively researched techniguasticed in industry

focus onreducingcycletime, work in process, project makespand squandered setup time

For all thecomponent$n a particular produgexamininga series of randomly generated schedulealfor
therequired jols yields a set of jobsequencefor theproduct The scheduleresulting in thesmallest
makespan formthejob release sequence fwmponert, triggered by a customerderfor a particular
product Each component ia product has an associatpgantity, setup time anghit runtime, for all

workstationdgn the comp n e moutidigsas well asanysubcomponent quantities.

With the job sequence for a particular product determined, the-toakeer production process initiates
the given sequence to build a uwwiten necessariyf he totalcomponenguantity for all praluctsin
Appendix Ashows the number of components required for a single finished unit. Two cons$tnaihts

random schedule ensuessibility; first, the subcomponents of angmponent finish processing beé¢
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the parent component begins pregiag,and second, the workstation routing for each component requires

the first operation to finish before the second begindsa on.

4.2.1. Generating Feasible Random Job Schedules

To ensurghese constraints are satisfied aothponenjobs follow the correcbrder,an index determines
the sequence of jolyghile consideringa random element.v@r a number of randomly generated
schedules, selecting the schedule with the minimum makelgbanmines thé&asible andirelatively
6goodd | adsociatediwiadoarticear product

Data for each componentciorporates aouting andany subcomponestasdepicted inTable6. Thejob
processingimes in Appendix B and BOM inAppendix G reveal theeomplexity inthe systemTo
ensure jb schedulesncorporatearancdom variableandany constraintsthesum of theoperation number
and aUniform randomvariablecreates an index.dinponent®f predecessors (childrem
subcomponentsadd the integer part of tleeh i IndbXitasits successo(or parentcomponentps
demonstrateth Table7. This operationis repeateane less than the number of levels in the BfoM
ensure all predecessdraegin before the parent componerat each level in the BOMShould a partidar
component have more than one-soinponent, the maximum index number is u3dus index sorted

from smallest to largestesuls in a feasible random jolzkedulefor a particulaproduct.

Components WorkStation | Operation Setup Time | Run Tne Predecessors
(hrs) (hrs)
176112901 CuUT 1 0.1 0.001
176112901 LATHE 2 0.75 0.05
176112901 MISC 3 0 0.0054
176112901 PLATE 4 0.02 0.02
1836058 caLs 1 0.33| 0.018107
1836059 COILS 1 0.37 0.24525 1836058
2036016 MISC 1 0.32 0.051| 2036016FP
2036016 DM 2 0.075 0.006| 2036016FP
2036016 BEND 3 0.285 0.007| 2036016FP
203-6016 PLATE 4 0.02 0.02| 2036016FP
203-6016FP PRGM 1 0.074 0
2036016FP PUNCH 2 0 0.004

Table6 ¢ Sample of Components and Operations for Products
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Components Operation | Precedence Random M. | Index (to Sort)
176112901 1 0.71248 1.71248
176112901 2 0.884967 2.834967
176112901 3 0.742932 3.742932
176112901 4 0.441959 4.441959
183-6058 1 0.859888 1.859888
183-6059 1 1 0.731092 2.731092
203-6016FP 1 0.652837 1.652837
203-6016FP 2 0.032103 __1.2.032103
2036016 1 2 0.61581 3.61581
2036016 2 2 188578 4.188578
2036016 3 2 0.186834 5.186834
2036016 4 2 0.038159 6.038159

Table7 ¢ SampleCalculation of Index to Sort by

Generating aampleof random schedulespmparing resulisselectinghe sequence resulting the best
solution, in this casthe one with thehatest makesparcreates the job release policy for components in
a maketo-order environmeniThe minimum, maximum, and mean makespan for a particular péoduct
randomjob sequences Figure5 shows anychangs in makespamiminishafter abouthirty randonty

r a n d o makespdn éoelachpreddctn Figure6
appearapproximatelyNormal. This couldmply how manyrandom scheduleare necessaiy find a

generatedchedules. The distribution bfh e

solution under apecifiedtime, givenan initial sample. The resulting makespaneach produdnh Table

8is rather large as the schedules assume component routings are completely random. This assumption is

not correct.

116
114
112
110
108

106

Makespan of Random Schedule {Hours)

104

e Minimum

Maximum

Range of Makespans Found for Product 1

1 6 11 16 21 26 31 36 41 46
Random Schedule Number

Figure5 ¢ Makespan Results for the Number of Iterations of Random Component Sequences
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Histogram of Random Schedule Makespan Length

10

M Product 1

M Product 2

M Product 3

M Product4

Frequency of Solutions
o

M Product 5
M Product6

90 95 100 105 110 115 120 125 130 135 140 145 150

Makespan Length (Hours)

Figure6¢cl AdG23aANI Y 2F al | HBSSqugmRes F2 N wlk YR2Y

Product 1 2 3 4 5 6
Minimum Makespan(hrs) 107.02 | 107.88 | 108.98 | 144.77 | 94.68 | 96.45
Table8 ¢ Makespan Results for Products

Although this method of testing randomly generated schedaldd succeetbr problems where
production routings areuly random, datérom Appendix Creveas only 56 unique routing$or all
components. Since this pattern exiatsdcomponentoutings are noentirely randomscheduling
components witlsimilar routings consecutivelhcouldincreaseheflow of jobs &amorecompact

scheduldogically results ira stortermakesparilustrated inFigure?.

Workstation Componentl Component2 Component 3
ASSY
BEND
CuUT
PUNCH
DRILL
DM

Figure7 ¢ Blocking Routings Results in a Compacted Gantt chart (Coloured by Component)

To schedule components in order of routithgsame approach of randaring the job sequee is

applied;however by introducing two random elemernitsTable9, components with common routings
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are constrained to procesegithassociategbbsconsecutively. The first randomizatitas within the jobs
with commonroutings, while thesecondandom elemeritientifiesthe orderof the routingwithin the
scheduleAssigning a random Uniform (1, 1000) variable to each uniquéngensurs jobs with a
commonrouting havehe same&andom route numbeAnother random Uniform (0, 1) variabladded to
theroutenumber creasanindex inTable9, modified to hcorporatesubcomponent precedenas in

Table7, thensorted, yields a feasible random jaheduleaccording to component routing

Component Route Route # RandJc;rB for RanéigLrlr:e# for (Tsoc;[il)
1836058 1COILS 5 0.946355537 958 958.9464
183-6059 1COILS 5 0.647631795 958 958.6476
206-1004 1CABLES 13 0.801532211 492 492.8015
206-1150 1PARTS 2 0.870488477 710 710.8705
206-6520 1PARTS 2 0.854064452 710 710.8541
206-6522 1PARTS 2 0.225604993 710 710.2256
2066132 1CUT 2ATHE PLATE 26 0.362535667 701 701.3625
2066134 1CUT 2ATHE BPLATE 26 0.639978629 701 701.64
206-6528 1QUT 2ATHE BPLATE 26 0.008670966 701 701.0087
206-8086 1 PSASSYPAINT MISC 31 0.989765525 573 573.9898
206-8282 1 PSASSYPAINT MISC 31 0.931234754 573 573.9312
206-8482 1 PSASSYPAINT MISC 31 0.308744429 573 573.3087
207-617401 | 1CUT 2MILL MISC PLATE 35 0.495535672 863 863.4955
207617602 | 1CUT MILL MISC PLATE 35 0.689792168 863 863.6898
206103003 | 1PRGM PUNCH3MISC DM 39 0.126619372 374 374.1266

Table9 ¢ Example of random scheduling data with common routings

Theresultingmakesparin Table10for each product using this method of job sequencagala
dramaticreduction This is due to the compacted nature of resukitigglule,as sequencingomponents
by common routingprocesses the jobs @nlogical flowing order. Theset of job scheduldsr each
product,in Appendix O provides the sequence o0bps triggered in component mateorder
environmentsThough no other ptrns ae evident in thelataprovided generallymore patternn the
job structurecanprovide insight an@nablestrategic advantagés performanceln addition, e more

randomjob sequences examinéar a producimproves the probability ofinding abetter result.

Product 1 2 3 4 5 6

Minimum Makespan (hrs) 30.72| 32.80| 31.45| 41.70| 36.61| 37.16

Table10 ¢ Makespan Results while Blocking Components with Common Routings
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4.3. Make Components to Stock

Holding stock of component®uald dramatically reduce the time needed to fulfil orders relative to a pure
maketo-order system. The question of how much stock to keep falls on the alldeadbtene and
inventoryinvestment Experiments quantify the traadf, if any, between the twperformance indicators
and other response#ith the demangbrofile for componentsn Sectiord.1, two parameterform the

values forcomponente-order poins and order quantis. This approximation, depicted Figure8, uses
theprobability, p, and timeframet, to set the inventory parameters for all componeXiteough this

cannot simulate the component remowealjt removes components one at a time and not in multiples of
the quantity per pragtt, it can apply to their stocking parametegquation(0.2) defines the individual

component rateand results in the expected numbeuwitsper day s illustrated inTable11

Order Arrivals Time Quantity per of | Average Arrival Rate

» Component “A"
Praduct 1 —Q )

Product 2

D, . 1 0.0671
o—o— 2 0.2274

Total Demand for Component “A"  0,.2045

i ——————1‘:)
@]

Cuantity on Hand of
Camponent “A'
L
|

Approximate Poisson Process (4 = [L2945)

Tirme

Figure8 ¢ Component Demand Model

Product 1 2 3 4 5 6

Demand Rateg 0.06711| 0.113795| 0.134893| 0.065631| 0.075814| 0.087139| Units/Day
Component Product Quantity Component Demand
176112901 2 2 4 6 1.295168
176614101 1 1 0.845279
184612901 2 2 1.690558
198835701 2 4 8 16 2.71864

200551420 1 1 1 0.315798
200551440 1 0.065631
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202-8037 1 1 0.845279

Table11 ¢ Demand of Individual Components

This modeffor componentsllows four parameters to describeagpropriate amount of stock based on

their demand, alsoth there-order and order quantity parameteomnsider the probability of demand

within a given timeframeThese parameters determine how the simulation model triggers orders for more
components. When the quantity on hand of a particular component reachesrtterlevel, r, the

simulation releases all necessary jobsGamits of the componeniHowever, this component demand
modelcanonly representop-level componentén orderto formulate reorder and order quantity

parameters. Since the stocking parametessparticular component define the demand of its
subcomponents, using the total quantity of subcomponents in final products as an indicator of demand
could lead to frequent shogas. Insteadnultiplying the subcomponent quantity and the order quantity

of the parentcomponentefinesthe lotsize associated with particulaisubcomponentor example, if

C 0o mp o n e n twofubcompbnassii B 0 adhaksthréeBubcomponesti C, 6 t hen B rel i e
order quantity of A to determirtbe appropriate amourof stockto fulfill a request for Alf the order

guantity of A is five, then B should have a lot size of 2 x 5 = 10 units, and C should have a lot size of 3 x
10 = 30, provided the subcomponent order quantity is a singbskxemplified inTable12.

Component | Total Quantity | SubComponent| Quantity Per Lot Size(L)

A 1 B 2 Order Quantity=5
B 2 C 3 10
C 6 - - 30

Tablel2 ¢ Example ofSubcomponent Batching

The reorder and ordgparameters fosubcomponentsspecified by the number of lotspw incorporate

the demanaf their parent componern the case of multiple parents for a single subcomponent,
selecting the greatest possiblede ensures availability fene replenishmenof any parentWith
componente-order and order levels of subcomponents being multiples of a lot size, the system protects
against subcomponent stegldtsby designindeedmany other situational factors can afféad choice of

lot size The physical circumstancesuld demandsmall adjustments to the lot size, for exampla unit

of raw materiatreates exactly six iten@dthe lot size idive, adjusting the lot siz® sixcouldboth

reduce wastand be moreonvenieh The system irrigure9 illustratesthe policiesfor holding

componentnventory
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Figure9 ¢ Inventory Handling in Component Stock

Each inventory parameter influences the performance of the system diffeféetiseorder point
protects agaist demand variabilithecausadditional inventory on hand is capalof sustaining greater
shockswhile the order quantity reflects the number of seinpsomponent productiomhe average
number of setups required for each component at each worksiatf0.5), is the longterm demand
dividedbyt he it embds or der q tHoorér envinpnment nequice® ansetup dos dach

job of every customer order.

566 HRITYQS 6 i et O 0 0.5
D1 Q®o OE 6 QO « '

The designof experimend in Table13identifies the change in response due to a particularrfacto
interaction between factorshe factorsaretheinventoryre-orderpointandthe orderquantityfor both
top-level componentand subcomponentshe inventory parameter foog-level componers, used
directly to build semfinished unitsjs the numbr of unitsdemanédwithin atimeframet. The inventory
parameter forisbcomponerst, used to build other componensthe number of lots. Ais 2 factorial
experimentonsiders high adlow level of each factaoras esting every possible combinatioh
inventorywould consumevast computational resourcésfew varied experiments should provieirough

insightto approximate theffects of factors anttadeoffint h e maespenked s r

Separatingheinventoryfactors bycomponentevelin the experinent design imablel13, showsthe
settings foromponent rerder and order quantitiés the initial factorialexperimentThe values for high
and low levels of topevel stock are estimated @®95of probabledemand within a vae oft = 22 days
(one month) for the low level and= 44 days for the high leveBubcomponent parameters includertse

orderpointand order quantitin terms of number of lot¢dowever since their demand is dependent on
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the withdrawal obthercomporents, the lot sizedeterming thevalue of theparameterand notp of
demand withirt. The lowinventory settingor subcomponentss two lots and the high setting is set at

five.

Design Point Top-Level Subcomponents
Low Level = | Re-Order Point | Order Quantity | ReOrderPoint | Order Quantity
High Level = + (TR) (TOQ) (SR) (SOQ)
1(G---) t =22 days t =22 days B:-= 2 lots B= 2 lots
2(,- - +) t=22 t=22 Bc=2 Be=5
3¢~ *) t=22 t=22 Be=5 Bo= 2
A(- -+, +) t=22 t=22 B.=5 B.=5
5(-, +,-,-) t=22 t=44 Bc=2 Be=2
6 (- +,-+) t=22 t=44 Bc=2 B.=5
7(-+ +7) t=22 t=44 B.=5 Bc=2
8(,+ +, +) t=22 t=44 Bc=5 B.=5
9(+--) t=44 t=22 Be=2 Be= 2
10(+,-, -, +) t=44 t=22 Bc=2 Bc=5
11(+,-, +,7) t=44 t=22 Bc=5 Bo= 2
12(+,-, +, +) t=44 t=22 Bc=5 B.=5
13(+, +-,7) t=44 t=44 Be= 2 Bo= 2
14 (+, +,-, +) t=44 t=44 Bc=2 B.=5
15(+, +, +5) t=44 t=44 Bc=5 Be=2
16 (+, +, +, +) t=44 t=44 B:=5 B.=5

Table13 ¢ Design Experiment for Component Inventory

Further analysisfahe sensitivity ba single factarwhile holdingthe otheis unchangedcan provide
additional details on its effe Significant interactionsdiween factors should exist in tresponsef

component inventory on hanas theop-level orderquantitesinfluence he lot size of subcomponents.

4.4, Make Semi -Finished Goods to Stock

Holding semifinished inventory ould resilt in even lower customer lediines relative tcomponent
inventory, as serriinished units only require testing and not assermibhe job shedulesn Appendix D
release jobs faihe necessaryomponentsvhen requiredor semifinished stockepdenishmentThe
order quantity of the senfinished stock determisg¢he number of componenpersetup. The balance
between reducing the number of setups and increasingnitr@in time of jobs must bappropriatdor

such a plicy to operate in steadyate.There is no guarantdlat afeasiblesystem is possible as it is
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highly dependent on both the job structure apstem capacityas ordering one at a time results in the
same setup requirements as the rrtakerder model Thediagramin FigurelOillustratesthe systemand

job release policies whileoldingonly semifinished inventoryon hand

Production Final Assembly v v — Testing
7= £
I i
I ; ; ; ; il
I g
|
I |

L i
Orders for Stock Initiate I S it
| Production Job Sequence |\f —————————— Customer Initiates Order

To Cuslomer

Semi Finished Inventory ‘

Figure1l0¢ Holding SemiFinished Stock

The initial design experiment teshe effects of serinished reorder and order quantipparameters

The initial Z factorialexperimenin Table14implemens common inventory parameteasross all
productsThe low level is set at two setfihished units and the high level is set akffor each product.
Adjustingstockparameters to reflect demaoduldreduce stoclouts and inventory overagdsom the
results of this initial experiment, other sensitivity experiments show how other settings can affect the

stability and performance ihis production environment.

4.5.

Design Point Re_O_rcjer LeveI_ Orde_r _Quantity_
(SemiFinished Units) (SemiFinished Units)
1 ¢-) r=2 Q=2
2 () r=2 Q=5
3 (+7) r=5 Q=2
4 (+,+) r=>5 Q=5

Table14 ¢ Design Experiment for Senfiinished Inventory Levels

Make to Stock

Utilizing both stock points along the production lin#f result in the best customer service but also the
moststock held of ay alternativeconsideredSemifinished stock providea quick response to customers
while component inventory reduces the number of setups and congestion in the production process. Due
to the number of component commonalities within products, it could be beneficial to keep components in

stock in orderto initiate final assemblyvhen requiredThe testing process, where custom final
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adjustmentsequire acustomerorder, can begin as soon as the order arrives, provided sufficient stock of

semifinished unitsas showrin Figure 11.

AAYAY)
@Is Production  p— . AVAVAVAVS Hﬁﬁ v v — Testing @9
VVVV
T 13
i: /j Level 1 Compenent Inventory I . v v ii
1
I "

:| f/ Yy Semi Finished Inventor ::
i / VVVVY ’ i
! 7 VVVY II rd b

id
Stock Levels Inifiate Production ‘g__ _ﬂ S Companent Inventon | Stock Levels Initiate Final Assembly Ft Customer Initiates Testing

Figure 11 ¢ Make to Stock System

The parameters for component demangst suit thesystem Stock levelsshould reflecthe demand
experienced by componenis.Section4.3, the reorder and order quantiparametersor top-level
components represent the demand from customer orders. Since component deranudidon af the
order quantity for serdinished stockmuch like toplevel components arelibcomponeist parameters
for top-level componentalsoincorporatea lot size Holding semifinished stocknow acts like the top
level in the BOM. Theop-level componentstill consider the demand within a timeframe indudea

lot sizein orderto satisfyany requestor semifinished stock.

Top-level component parameterdefinedas the maximum cd lot sizeand theproportionp of demand
within timeframet, ensurehat components common in multigdeoductsconsider the combined demand,
and not just enough to replenish a single prodaudbcomponent pamgetersstill experience demand from
the order quantity of parent componeaitsl remain dined as a multiple of the lot siz8emifinished
inventoryfactors such as rerder level and order quantjtyith component and subcomponent
parametersf lot sizeand demangdyieldsa large 2 factorial experimenwith 128design pointsTo

reduce the number design pointsthe four factors describing component inventory are replaced with a
single factorconsidering the component demand within a particular tamedt The lot sizes for
components are set at a single Tote demand timeframe uséat top-level reorder and order quantities
is set equal, furthegliminating anothefactor. This also reflects the lot sizes of subcomponents as
determined from the ordguantity of its parent. Reducing the number of factors descrilweagtory
parametersreateshe 2° factorialexperimentletailedin Table15. In this initial experiment,te low level
for bothcomponente-order and order quiity parameterss set at 95% of demand within 22 days, and

44 days for the high level. Seiffimished inventory levels consider the same parameters for all products.
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The low level for the r@rder point of serAfinished units is three and the high lew&five. The low level

for the order quantity is set at one unit and the high level at three.

In the cas®f commoncomponentamongproducs, the greatest quantity of the component useatén
replenishment of senrfinished goodsleterminathe lot size. In practicedjusting lotsizescould piotect
against inventory stoeiuts and overage$he parametethatdescribes the component staokentoryin

these experiments is responsible for buffesiagation indemand andontrolsthe number of setupa

Design Point | Component Demand Semifinished SemiFinished
Timeframe ReOrder Point | Order Quantity
1(,--) t =22 daysp = 0.95 r =3 Units Q =1 Unit
2(-- 1) t=22 r=3 Q=3
3(- +,-) t=22 r=>5 Q=1
4(-, +, +) t=22 r=>5 Q=3
5(+,-,-) t=44 r=3 Q=1
6 (+,-, +) t=44 r=3 Q=3
7(+ +,) t=44 r=>5 Q=1
8(+ +,+) t=44 r=5 Q=3

Tablel5¢ Initial ExperimentDesignfor Make to Stock System

production The larger th@rder quantity, the fewer setups required.

Further experiments on the matikestock model test various other factors that could provide insight into

t he

each semfinished product. Since the volume of orders is &owl distributed evenly among prodydte
effect ofcommoninventory parameteras opposed to demaibdised paraeters might not bsignificant;
thoughincorporatingsuchinventory parametersoald betterisuit a particularproduct.For example, anit

systemobs

natur e.

Il nventory

parameters

with low demand would have an appropriately lovorder level, whereas prodsawith longer

production leadimes orhigherdemandshouldhave reorder levelghatreflectsuch conditions

4.6.

Experimentdo determire appropriate stock levefmovide a sample of different modeétscomparethe

Additional Experiments

effect of otheparameterand measurementBhes experimentdn the form of sensitivity analgs,

determine the robustnestthe models andny tradeoff betweeroperating proceduref sample of the
design points tested in the stocking experiments provide an adequate base to perform the sensitivity

analyses, which typically have only a single factor. These experimentscalot interpret the effects of

elements such as job randomness, capacity, and demand.
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4.6.1. Sensitivity of Job Randomness and Production Interference

To simulate variatiomn processing timeseveralvalues ofthe coefficient of variationCy in (0.6),
establisha standard deviatiofor job process time#\ random number generated according to the
averagel, and standard deviatiodl, subject to nomegativity, determinethe processing time for each
job.

5 - (0.6)

I nterference oint Wemoprsedud tnit o ro day stidkeeffektofofharoc es ses
uncommon activities or eventBossible representations includee products with negligible or unknown
demandmachine breakdownsxpeditingjobs, re-work, or experimental componentsedin theresearch

anddevelopmenbof futureproducts oupgrades.

4.6.2. Sensitivity to Demand

Even though demarnid this environment is uncontrollabliéjs changeable ithe simulation model.
Sensitivity analyses aifie variableshat control customer ordering revélaé implications and limits of
changes in demando@paring the performanagith differentdemandatescanprovide acritical rate
where theparameters for thearticularscenario proveinstable This couldinfluencethe managerial
decisionsvhenimplemening such a systenTo simulate the effect of alternative demand rates, varying
the customer intearrival rateeffectivelymodels changes in demaasl customerarrive more or less
frequently If acritical demand rate exstit is due to one of two possible causes. First, if the current
measuremerdf demandesults in an unstable system, the critical vagpresents the maximum, stable,
demand rate. Seconithe system is stable for measureghthndrate, and the critical value determines the

highest possible demand the syst@anexperience while maintaining stability.

4.6.3. Final Assembly and Testing Capacity

Another factor ofnterest ighe capacity in final asembly and testing are@s initial sensitivity analysis
compares theesponse of modifying capacigy each stage separatdfyom thesimulationresults the

minimumcapaciy required for a particular service levepresents the number of parallehsss
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requiredfor eat processThe analyses of these capacities consider each pliadepgendentlythough

many interestingonditionscouldenhance thaccuracy of thenodel.

To build amorerealistic model, one could develop a crrssning model wire servers can only

assemble or test certain products. If it is possible to add or reduce labour for a particular process, a model
consideringhon-stationary capacity can provide the necessary resources when required, using idle servers
elsewhere to redecthe workload in highly active processBg.modeling the skill and experience of the
servergandividualy, instead ofassuming identical rates of performance, oneetdrance the model to
incorporate a more accurate representation of the real prockksesgh this model does not

incorporate these conditions, they can serve to increase the credibility of the Witkléhe appropriate
assumptions, the model can reflacho r e h u ma n(Cheailand, RGO@ylstem. 0
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CHAPTER 5 SIMULATION  MODELING

Each system describedTiable5 requires a weltlefined process to construct a suitable model. The
simulation preéesses mathematically represta conditions of the real systeEach process
corresponds to a series of events resulting from a particulart afple system. These discreteents,
scheduled chronologically, form the demand for stock and compete for system resourcéise From
response of outpwiariablesafew key metrics sud as the proportion of orders delayed due to statk

or the variation in customer leditne, reveal the performance efich scenario

The model developed includes processes for demand and ordering, production, final assembly, and
testing. Depending otie particular system, the manufacturing proesfslow their assumed operating
procedures for job releassd material flowThough these systems differ in operatiomabd

comparisoris possible byollecting a series of variables representing soenBopnance level
independent of the particular systéduch data, likeéhe timefrom the order arrivato when the particular
order finishes testingletermines the leadme, while the sum of timaveragednventoryon-hand
indicates the level of inventpheldin the system.

Depending on the operating procedures, the ch&igure12 shows how the simulation models each
aspect of the systerwith the ordering procestescribedn Figure3, recordirg the output from each
replication yields a possiblastance of performance forparticular set of inventory parameters.
Performance measures include bibithaverageamount of inventorspn-handandtheleadtime to

customer.

ProductionTriggers by Mode | Make-to-Order Comsgr?ents Fi'\r:lizﬁifé?; de Mgl:oe(-:tlg )
Component Job Release Clgrtgé?er QOH Repliil?grfment QOH
Assembling Serdrinished Units CA?/Q&%?E? Clgrtgé?er QOH QOH

Figurel2 ¢ SimulationJob Releas€hart

The value of inventory, represented @) by the sum of the timaveraged number abmponentn

hand, does not incorporate the unit cost of raw materials. Literature commonly references a holding cost
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associated with particular item depending dts cost, weightyolume or turnover Thisholdingcost

typically considersa subjective c&t measure forant e mdé s  m prdepceninimizethe total cost of

the production system, with respect to some economic and physical constinaomgsorating the

inventory investment required for a scenario would necessitate the cost of eadmeotigpbe included

in the overall value of inventory as ([.2). With a small sample of information on the cost of

components, it is possible for one to construct an estimate of the inventory cost based on an exponential
distribution. There are typically many leeost parts and only a few expensive components.

B . 0O WME JFERODE Qo
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The order arrival procespawnsall other processewhich simulate the build of a product. With each
arrival, an instance of the particular productimmocess arises fil the order. Thesimulation runs these
processemdependently, and they compete for various resources and inventory itoocdesite an event
list, which forms the basigor measuing various performance metrics. Depending on theraiing
procedures, the model adds jargiremoves inventorjo simulate the production systeFor example,
while holding component stock, the arrival process #uel®rder to final assembly and initiates a check
for stock replenishment. The final asd#ynprocess removeatecessargomponents, subject to

availability, to construct a serrfinished unit,andthen initiates testing.

The main entities in th model are customer orders. Their arrival spawns other entities in the form of jobs
for resourceso complete, given a certain processing time for the e@mtde a job or event is complete,

the entity enters a queue for the next job until the customer order is salisfiede orders arrive while

others are in progresthe separate instances of th@me processhronologicallyschedule eventd his
ensursthat customeorders are not waiting f@process to end in ord&r anotherto begin processing

the different customer orders in parallBhe simulation processehatinterfere withproduction operate
outside theanainsimulation thoughtheycompee for the same resourcéiscreats a randonset of
conditionssuch as machin@iluresor miscellaneous job3 he operating procedures faah model,

detailed below, descrildeow the simulatiorperatesn a particular environment.

34



5.1. Make to Order

The maketo-order simulatiorwaits for anorderto arriveto begin the production @omponentsOnce
complete assemblinghe componentiorms a semfinished unit, which is then tested and shippethé&
customerasdescribed irBection4.2 Thesequencem which thecomponents ar®aded into the
production systendescribedn Section4.2.1, ensure feasibility in the bill of materials sttue and job

routings.The ordering process Figure3 triggers the job release for components

The simulatiororderingprocess releases the fhetermine sequence of jobs into the production system
once an ordearrivesandbeginsprocessing. After all componegtiantitiesfor the particularorderare
available the process in final assembly bediysremoving all the requirecomponentérom the system
Once final assemblgroduces a senfinishedproduct testing removes theemifinished unit, makes
custom adjustments, and ensures product qualitgentiresimulation procesdescribedn Figurel3
illustrates the real world processésata maketo-ordersystemwould experience

Order Arrived Initiate Job Send Co nt
{Time, Preduct, »  Seguence for - Em Prac:-el [ss:mE =
City) Product * Cty 9
L
; Check Order for || On Component
If Available all Components [ Finished
Initiate Final Initiate Testing f
Aszambly for S aa ED bt # Order Complets
rider
Order

Figurel3 ¢ Make to Order Simulation Process

5.2. Make Components to Stock

Making components to stock requieseparate process to monitor the stock levels of each component
andinitiate ordes for replenishmenfs this replaces the need to iate jobs based on order arrivals, the
orderentersa quee for final assemblylf the stock on handf any componernis less tharsufficientto

assemle the ordered producthe order remains in the queue uatilthe requireccomponentd®ecome
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available The order removes components from stock to biégih assemblyandthe simulatiorprocess

in Figurel1l4 describes the system model according to these policies.

Customer Amrival Component Check Final Assembly Testing

[Order.arrival HFinalQueue.CheckQueue IFinalProcessing Testing
¥

Process: Frocess: IProcess: Process:
(Generate Order for Product | For all Crders in FinalQueve. - ‘Generate Loghormal Duration (Generate Triangular Duration
Generate Quantity of j Check for component availability Hold Assembly server Hold Testing Server
Add Order Lo FinalQueus.q If all available, remaove from stock Activate Testing Fecord Finish Time
[Activate FinalQueus. CheckQueus [ ] Activate FinalProcessing
(Activate ProductionStock. Initiate - Remave order from FinalQueus.g
Hold till Mext Arrival

Check Companent Stock Levels Begin Component Production Subcomponent Check
N roductionP Ci
ProductionStock.Initiate ? ' SubCompanent.Check
Process: Process; Frocess:
Sample Key: Setx=0
For all components: While x = 0 For SubComponent Request
dstl If QOH = Re-Order Point : _ . Check Quanity for all subcomponents
Process Description Set SubComponent Request = ProductionStock.g If all available
Add o ProductionSiock Activate SubComponent Check

Remaove Subcomponents
Else
Insert in FroductionStock g

Auivate_ If SubComponent Request = ProductionStock.q
SimPy Process Name ProductionProcess. Componenis %=1

For all Components in ProductionStock.q

Remove first Component from ProductionStock.q
Process Logic Schedule Jobs for Component on Workstations
(Clueuasg Add Component to Stock

Activate FinalQueue CheckQueus

Activate ProductionStock Initiate

Figureld ¢ Make Components to Stock Sirtation Process

Although the sequence of jobs is not-gdeterminedas in the pure makim-order systenturtherresearch
andexperimentation in the scheduling and loading of jebish as releasing component jobs by routing
can improve the operagpolciesin this system Since his modelholds inventory, ihas the ability to
pool variance of product demand on component inventory much tikéayed differentiatioapproach.
Due to theabundancef commoncomponerd among product familiesn Figure2, theeffectsof

variance poolinganprovide areffective measure against component inventory excesses anasgteck

in this system

There are alspracticalconsiderations ancbnstraintdor there-order and order quantiti@ components

as described iBection4.3. The lotsize of subcomponents coudépendon manyother physical

parameters of the componamtjob processhowever this modelonly consides lot sizeasa function of

theparentca mponent 6s order quantity. Shoul dseledinghes ub c o mg
greatespossiblelot sizeensuresll requess can be satisfiedith a single lotOther limits on inventory
parameterdound experimentallytranslate to certairequirements in the real systelfor example,

consider therderquantitylevels for components and itsverserelationship to theumber of setups in

the systemShould setup time excedlde available production capacity, the set of inventory parameters

creates unstable queues améinfeasible. System instability is a result of excessikafic intensityin the
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systemds resour ce ( usunstableyioldtiig(08)nthe systantidhiungtabdes ipu e u e

steady st exists,and production queugalong with customeeadtime, continuously inflate

—_ (0.3)
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Though the arrival rate for componerit,, estimated immablel11, is constant, the serviceteadepends
on the particular job and order quantityeach workstationrhe service timéor acomponentiepends on
the setup timet, run timet;, and order quantityQ, for each job. Since the arrival of jobs is somewhat
random, the totatéxpected prductive time in a workstatioghouldbe less than the time available for the

particular resourcasshownin (0.4).
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Thoughthis can determine the viability of a given order quantity, different production times and multiple
machines make it difficult to find the smallest ordering value for each component. Assuming only one
component and machine, the total production time fmatah ofQ componentsts + Q X t,, results in the
service timep(Q), as a function of as shown if0.5). Since the arrival rate must be less than the
service rate(0.6) determines the minimum ordguantity for a stable queue. As this simplified case
considers onla singlecomponent and workstation, thetual order quantity paramesdill follows the

definition describedh Section4.3, determining the minimur® expermentally
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This minimum bound o can provide a rough estimate of t@mponenbatch size required for
stability. Further analysis of each component, its material requirements andgitpysiperties, could find
amore convenient batch size to work with. Ordering casti,costssupplier leagimes, andurnover

rates couldlter thedecision to find a more acceptable batch size that suits the particular component.

5.3. Make Semi -Finish ed Goods to Stock

The parameters for modeling this scenario include only toeder and order quantity levels for the six
products. The jobchedules determined Bection4.2.1triggerthe production of componesfor semi
finished stock replenishment when the quantity on hand of particular product reachesrtiee point.

In this way, the order quantity of final stock determines the number of seguised inthe production
areain the absence of component stockingapaetersThe model of this systerm Figure15 details the

simulation processes that describe operating procedurdssecenario.

Customer Amival Semi-Finished Check Tesifing
JFinalAssembly.Check Testi
(Order.arrival e
B . Process: [Process:
TOCESS:
For all Orders in FinaldssemblyStock.q- N 5

(Generate Order for Product | If QOH of j 2 Order Quantity Cncrmg.Tpang e Curfen
(Generate Quantity of j Activate Testing Racond Finigh Time
ladd Order to FinaidssemblyStock.q Remave order from FinalAssemblyStock q
lActivate FinalAssembly Check I Remave Semi-Finished Units from Stock

Activate FinalStock, Build -
Hold till Mext Arrival

Check Semi-Finished Stock Levels Begin Component Production
MFinalStock. Build ProductionProcess. MTO
Process: Process:
For all Semi-Finished products: For Component in ProductionProcess.q
IT QOH = Re-Order Paint Remave SubCompanents
Add Job Sequence to ProductionProcass.q Schadule Component Jobs on Resources
Activate ProductionProcess. MTO Add Finished Components to Stock
Activate Remove, Components _‘
Remove Compaonants for Assemibly Final Assembly
Sample Key:
Process Description Remove.Components FinalProcessing

b e Process:

SimPy Process Name :
Generate Loghormal Duration
Hold Assembly server

lAdd Semi-Finished units to Stock

If all Components available

; Remove Components from Stock
Process Logic Add Crder to FinalFrocessing.g
(Quistras g Actlvate FinalProcessing

Figurel5 ¢ SemiFinished Stock Simulation Process
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Jobs for omporentsfollow the sequence iAppendix D, andike thepure makeo-ordermodel,there is
no guarante®f a stable outcomédf setup timeexceed allowable limits congestion overwhelms the
systemand this particular scenario imfeasiblefor the set oparmametersThere exists éeasible
opportunity should the number of setups be reduced &oeeptablgoint Due to the complicated nature
of this systemwith several machines amdnstraints on component routings and subcomponents, the
opportunity for thé to become a feasible system reliesedatively smallunit-runtimescompared to
setup timeso larger order quantities dot outweigh the benefits abmbiningjob seturs. As described
in the previous section, if the setup time exceeds allowable]imireasing the order quantity can
reduce the number of setups. With low order quantities, some other meapscity expansioar
forecastingcould provide astablesystem. Accurately predicting demand edterthe production process
according ta <hedule with aggregattemando reduce setupsmong componentdachine component
analysis and groupin@ssentially a form of capacity expansion, calfbyield an effectivanethod of
increasing the throughput of this system.

5.4. Make to Stock

Holding mifinished and component stock can increase the responsiveness to customers while directly
controlling the number of setups in production. Though lot sizes for all components are associated with
the order quantity of senfinished goods, incorporating cgponent demand ratégo the inventory
parametergnsure common components have a reasonable amount of stock on hand. The simulation for
this scenario considers two separate processes that monitor inventory levels for both stock points. When a
p r o d uack réashesghe arder level, the system triggers an order for more. Final assembly removes
components and replenishes the sénished stock while another process monitoring component stock
releases the necessary jobs imtoduction to replenish coropents Customer orders form a queine

testing that checks the availability of sefimished stoclkand initiates testing as portrayedrigure16.
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Customer Arrival Semi-Finished Check Testing
[Order.armival inalAssembly Check [Testing
Frocess: [Frocess: FProcess:
Generate Order for Product j For all Crdars i Finaldsseimisly Slockg: Generate Triangular Duration
Generate Quantity of | If GOH of j = Order Quantity Hold Testing Server
|Add Order to FinalAssemblyStock q Activate Testing Record Finish Time
|Activate FinalAssembly. Check Remove order from FinalAssembly Stock g
lActivate FinalStock. Build — Remove Semi-Finished Units from Stock
Activate ProductionStock -
Hold till Mext Arrval
Check Semi-Finished Stock Levels Component Check Final Assembly
FinalQueue.CheckQueue FinalProcessing
FinalStock Build ¥
Process: iProcess:
Process:

For all Orders in FinalQueus. g:
Check for companent availability
If all available, remove from stock
Activate FinalProcessing
Remove order from FinalQueue.q

iGenerate LogMormal Duration
Hold Assambly server
ihdd Semi-Finished units to Stock

For all Semi-Finished products:
I QOH = Re-Order Point
Add Product OQ to FinalQueue.q
Activate FinalQusue. CheckCueue

Check Component Stock Levels Begin Component Production Subcomponent Check

ProductionStock Initiate Producti c

SubComponent.Check
Process: Process: Process:
Sample Key:
For all components: Setx =10
o . e [For SubCao LR t
Process Description IfQOH < Re-Order Paint ihdssx =0 Q(Cf;ck QHL%T; forz?lu:‘sbwrnpunenls
Add 1o ProductionStock.q Set SubComponent Reguest = ProductionStock.q If all avalable
lActivate ProductionProcess Compenents Activate SubComponent Check Remove Subcomponents
SimPy Process Name If SubCompanent Request = ProductionStock q Eiss mpon

x=1

For all Components in ProductionStock.g ‘nsert in ProdicionSiock.g

Frocess Logic Remove first Compoenent from ProductionStock.g
Quelies.g Schedule Jobs for Component on Workstations
Add Component to Stack
— Aclivale FinalQueue CheckQueue
Activate ProductionStock Initiate
Figurel6 ¢ Make to Stock Simulation Process
5.5. Simulation Parameters

For most experiments, the run length of the simulation is five thousand hbatg four years dorty
work hours a weelSince no known initial conditions exishe simulation starts wittandom stock levels
between the rerderpoint and order quantity. This allows the simulation to begin operating with a
realistic amount of inventory, though including a small waigrtime of one hundred hours lets orders
initiate the firstfew jobrelease. The output data during this simulatisarmup is not included in the

overall statistics as it could affect the measurement of steadyestptmnses.

The simulation model considers one day as eight hours of available machine time, five days a week, fifty
two weeks a year. Assuming contingquoduction from the end of one day to the beginning of the next,
the rate of demand requires units of wadurs for consistency. There exist many cases where the time
unit should change depending on working conditions, personal allowances, and adhieahfactors, as

there might only be seven hours of productive machine time duriniglarheur work shift.
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5.6. Simulation ~ Operati on

The settings for the simulation parameters, besides model run time andigvéime, include the stock
points for each aoponent and senfinished product. A Microsoft Excel spreadsheet calculates the
inventory parameterf®r each stocked itemnd exports the information to a text filehe simulation
model in Python v2.7, with SimPy v2.1.0, reads the inventory paramedarste text files and runs a
single replication of the simulatiaas shown irFigure17. The simulation response of various
performance mesres, exported to text fileandread inExcel, calculatethe resuing performance

indicatorsover a number of replications order toform statisticalbounds on the actual response.

Simulation Parameters
- Run Length
- Warm-up Time
- Design Point (Index) of Parameter sellings

Output Statistics for Replication
Semi-Finished Parameters

- Re-Order Point {Constant or Demand-based) - Order Lead Times
- Ordering Policy (Order Quantity, Order-Up-To) - Propartion of Orders Delayed
Deday Length
Simulation Simulation Model . Simulation Cutput |k Average Inventory Levels
Setlings Replication Response - Maximum Resource Setup Time
- Bottleneck Utlization

Component Parameters - Propartion of Orders Complate

Top Level Companents -
- Re-order Paint (Timeframe and Service Level)

- Order Quantity (Timeframe and Service Level)
SubComponents -
- Re-order Point (Number of Lots)

- Order Quantity (Number of Lots)

Interference Process
Machine Failures -
- MTTF, MTTR
Random Jobs -
= Number of Jobs
- Progartion of Demand

Figurel7 ¢ Simulation Process

5.6.1. Input

Several input settings for inventory levels determieedperating procedures and amaoofrgtock on
hand. The s tebrdeopoipt@anderder guantjtin terms of lot size, can hold any positive
integer value. Tofevel component parameters depend on the-fiaished order quantity if it exists, and
if so, considers the same lot seggproach as subcomponeméthout £mifinished products in stock,
the toplevel component parameters depend on two valugsjen service levefy= 0.95, and timeframe,
t. To calculate the parameter values, an Exceliaditveloped by Roger Myersohthe University of
Chicago(Myerson, 2005)SimToolscalculatesnverse statistical function¥he semifinished inventory

levels require setting constant parameters among all prooluatsorporaing the expected demand for
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the product within a given timeframe. Other sdimished parametersuch as ordeup-to levels can
provide additional options to examirgppendix F shows an example of setting parameters éamtike

to-stocksimulation model.

5.6.2. Analysis

The simulatio reads thgiveninventory parameters and runs a single replication for the specified run

length. Once the replication is complete, logging the output data forms the basis for statistical analysis.
After a numler of replications for differerdcenarios o Excel files plot the output information. This

allows one tadentify the significant changes in respof@ebothfactorial experiments and sensitivity
analysesFactorial experiments examine a number of factors with only two settings, a low andlb&gh va

for each factor. The design of a particular experiment, copied to the Excel file for analysis, can use up to
four possible factors. The selected response from the available output data results in the significant factors

and any interactions between thas shown ifrigure18.

Experiment Results: |

2 Response 15 Total Number of Significant Fact;js:s |
Number of Factor: — Inventory )
(Min, Max) = (1, Confidence Level{ 95%
Experiment Design Leveld [ significant Factors for Respons|
Design | Factor| Factor Effect of | Expected " Respons Name
Point 1 2 Factor(s) Effect 1 Model

1 -1 E(2) -75.75 47.77 2 Design Point

2 -1 1 E(1) -59.07 32.52 g Simulation Length (Hrs)

3 1 -1 E(12) -47.08 29.54 4 Warm up Period (Hrs)

4 1 1 5 Avg Lead Time
6 St Dev of Lead Time
7 Max Util
8 Max Setup
9 %<120
10 %<160
11 % Delayed
12 Avg Delay
13 Component Inventory
14 Semi-Finished Inventory
15 Total Inventory
16 Out/In

Figurel8 ¢ Factorial ExperimenExample

The ®nsitivity analyss only consider a singlparameterbut for a range of values. For a selected
response, the output informatishows how the response changes résipect tahe value of the
parameterTwo graphs plot the raw output information as well as a confidence interval for each setting,

as shown irFigure19.
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Sensilalyinatps Order Policy vs. % Delayed
Sensitivity of Response: 11 % Delayed 035
Compare to Factor: (1] (0or1) 03 3
With Confidence Level:  0.95 *
Number of Samples: 10 ] 025
g ®,
g 02 -
Design Point Order Policy £
1 30 5 o N3
4 73 *
5 15 005 Sy, 2
U M Y §
0 10 20 30 40 50 60 70 - 80
Variable
Confidence Interval
03
0.25
02
E 0.15
£
i o }
0.05 L 2
]
0 - ¢ 2 3
15 N} 45 60 75 0
005 Variable
Figurel9 ¢ Sensitivity Analysis Example
5.6.3. Simulation Verification
Simulation models can only represent the actual s

accuracy and level of detail depends on both the measurement data and the devweldpestading of

how the system operates. Certain aspects of the real system, too complex to model, rely on assumptions

and simplification to allow the simulation to approximate such conditions. There are two main methods in

the literature that attempt to analyamed produce a credible simulation: modefification, which

involves ensuring the code and processes in the simulation model follows the intended procedures; and
modelvalidation whi ch compares the simulation fAhesponse t
two methods give the model credibility and persuade managers to accept the model as a correct

representation of the actual systéraw, 2007)
Methods and anales for simulation validation and verification remain corgrsial, as there is no single

approach considered correct. How to prove the simulation reflects what is actually happening in the

system most often appears as a form of subjective analysis, though several studies suggest standards that
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are more quantifiale and scientific. Model validation, verification, and accreditation, used increasingly in

military modeling and simulatio(Pace, 20043an provide guidelines to buitd) a credible model.

Validation of this simulation redes access to and parameters from the existing system. If any company

applies a simulation model without the required validation, the consequences could be disastrous. Since

access to the current system is not possible, only verification steps can dnlimece mod el 6 s

Law (2007, pp. 24850)identifies eight techniques useful for simulation verification. Though some

techniques simply suggest the use of simulation packages or proper debuggral,csevapply to this

credi

simulation to improve the credibility of this model as much as possible. Listing the assumptions used in

the simulation allows a reviewer to comment on the approximations used in the model, a reasonable

output without any unexpectsdu r pr i s es

can stren

gt hen the

mo d e |

6s

the simulation via an animation or event list can ensure the model follows the intended coding processes.

To verify this model, each process associated with a particular aatibras theamoval or addition of

inventory, andlisplayed when the process is active, shows the flow of inventory throughout the

simulation run. By observing the event log, the logic of the model appearsctmnas intended and the

reasonable outpuni

each

scenar

i o further

shows a short timeframe of possible events for the simulation model.

S uggebBgurs20t h e

Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Order 4

Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component
Component

206-8469
206-8064
206-80686
206-8469
206-8469
206-8066
206-8066
206-8066
206-8064
206-8065
206-8064
206-8064
206-8090
206-8065
206-8090
for PFroduct:

Final Product Removed from Stock at:
Testing Initialized for (Order,
Final Product Removed from Stock at:
Testing Initialized for (Order,

200-5514-20
206-3024
206-4060
206-8009
206-8027
206-8027-01
206-8040
206-8041
206-8043
206-8049
206-8052
206-8055
206-8056
206-8057
206-8059
206-8063

Held in : BEND Until 53.504859998
Held in : PLATE Until 53.710859938
Held in : BEND Until 53.942859098
Held in : PLATE Until 53.970859998
Added to inventory at 53.970859998
Held in : PLATE Until 54.050859998
Held in : ASSY Until 54.250859998
Added to inventory at 54.250859998
Held in : PAINT Until 54.376859998
Held in : BEND Until 54.615208153
Held in : ASSY Until 54.678859998
Added to inventory at 54.6788599%98
Held in : BEND Until 54.715206153
Held in : PLATE Until 54.749552308
Held in : PLATE Until 54.866552308
1 Order gty: 2 BArrived at: 54.93371188B88
54.9357118888 Type, Qtv: 1 2
Type, Qty): (4 1 2 ) QOH: 3 at: 54.933711s88
54.9357118888 Type, Qtv: 1 2

Iype, Qty): (4 1 2 ) QOH: 2 at: BB
2 removed at 54.9337118888 6
2 removed at 54.9337118 5
16 removed at 54.933711 H -1
2 removed at 54.933711888¢ 2
2 removed at 54.933T711888¢ 4
2 removed at 54.933711888¢ 4
4 removed at 54.933T711888¢ 1
2 removed at 54.933711888¢ 1
2 removed at 54.333711888¢ 3
2 removed at 54.933711888¢ 2
2 removed at 54.333711888¢ 2
2 removed at 54.933711888¢ 2
2 removed at 54.393371188¢ 3
2 removed at 54.93371182 2
2 removed at 54.9337118 4
4 removed at 54.933711888¢ 2

22

QOH:

QCH: 5

QCH: 5

Figure20 ¢ Event List Example
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The assumptionsiace to code this model range from mathematical approximations tetrzarsfer time
between workstations. Indeeahy empirical assumptions require analysis of the actual system and expert
opinions on their validity. Many assumptions crucial for modelingifgiéty restrict the ability to model
forecasts and other types of processes that require human thought and-dezidignprocesses. There

are circumstances where judgemental policies outperform mathematical and carogatepolicies

(Bunn & Wright, 1991)and since the existing system operates in a fimkeder environment with a
forecast, this could be one such case, as the completelytmakgersimulationmodelappears

infeasible.

One of the greatest difficultiesicountered for verification was the data received from the organization.
The bill of materials, job routings, processing times, and information on demand, as provided, show a
number of logical errors. Although these errors could be necessary for thedit®&a to operate as
intended, the logic in the simulation model needs to address such incomsssinocessing times

provided by the organization show excessive time allocated to a few jobs, some larger than three weeks
and reducing these times allsthe simulation to effectively compare alternatives. Sinfmrmation of
theactualprocesss not availablg altering he datgprovides the simulation with an understandable set of
parametersChanging these measurements is possible and straightfafilaedata isvailable in the

future
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CHAPTER 6 SIMULATION RESULTS

Selecting a few key performance indicat@ach ofwhich represents a particular measuref@tiency,
allowsfor a comparison ahe most attractivand effective strategidsom the simulationResults from

the nitial experiments described @hapter 4dindicate other potential experiments, which further examine
t he syst e mddervarious imsentanygparametdesr a select fevstockng policies the

sensitivity due to thersystem parameters described @con4.6 canindicate their impact on
performanceA number of simulatiomeplicationsfor each design poimrovidestatistical evidencef the
particul ar f act orédplatiandddpenddn thedésiresconiidemed level and f

variability in response.

Factorial experiments @asue the effect ofmfactors inanexperimentEach design point in the
experiment, simulated withreplications, creata independensample of eachresponseCompamgthe
differenceinresponsef a f act or 0 s,L bnohy respectivelyini(OdgLi foreach af the
replicationsyieldni nst ances o f E &his fepresénts thé differentefineesgeby moving

from thelow to high levelfor a particular factorf-or less than thirty samples, a confidence interval on the
fact or 6 s eStudentcHistribuidn degerminégg significancelf the interval does not contain
zerq then the effet is statistically significantotherwise, the factor does not have a perceivable influence
on the particular responggomparing the difference in the response due to the change in effect with

respect to another factoreasursthe effects ofinteractng factors(Law, 2007)

B 'O © o .
0 —(——— o ooE 0 0.1)

In addition tostatistically significant effest the responseagnitudecould alsdbear some practical
relevance Sensitivity analysis examinéise tradeoff between theno d erésg@orse and the value of the
particularfactorto determinghe relationship and trend w$ effecs on performance&Conducting this
analysis for more than one factequires seftig every combination dactors, atime consumingprocess

as eacladditional factor increases the number of replications at an exponential rate.

Several responses measured from the simulation indicate the performance and feasibility of the particular
sydem and its parameters. Although customer-tgad and inventory levels describe the overall
performance, other metrics taken into account such as the proportion of orders delayed due to insufficient

stock, the maximum setup time and utilization expegdry a resource, and the proportion of asder
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satisfied, reveal cludsr production leadime, congestionand stability inwithin the system
respectivelyAnalyzingthe responsdetermines the effectiveness of stocking strategies and the operating
proaedures of eacimventoryscenario inTable4. Further experiments based on initial results show
detailed information of certain parameters andcthveditionsrequiredfor implementing suclpolicies

Appendix E contains descriptisrof the electronic files used in the simulation and analysis.

6.1. Make -to -Order Response

Since there are nstockingparameters to set in this systeng ¢lxperiment is straightforwartt.turns out

that gven the demand profile and job sequencing, thitesyss notstable Data from the simulation
revealsexcessive utilization amorgpme resourced heleadtime for ordersin Figure21, increases
continually The respons&rom ten replication3 able16, showsonly about half the orders that enter the
system depart, inventory anetsp times are highly variable, indicating a steady state does not exist.
Ordering a single unit at a time shows a large amount setup in at least one resource for the five thousa
hours of simulation run time. This is important because this model directly relates to the current system,
albeit without a forecast, and too much time spent on machine stdgsghe system resourcesgatng

the escalating queues

Customer Lead-Time for Make-to-Order Model

3000

2000

Lead-Time (Hrs)

1000

Figure21 ¢ LeadTime for Customer Orders increases wiiimulationtime

RuN Average | Proportion | Max Setup Max Utilization
Inventory | Complete (Hrs)
1 17189 0.446 4899.61 0.995
2 8195 0.555 4555.79 0.999
3 13233 0.459 4822.65 0.999
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4 11413 0.458 5044.47 0.999
5 10788 0.551 4231.47 0.999
6 16948 0.451 6299.97 0.999
7 8778 0.545 5677.9 0.999
8 13866 0.487 5715.99 0.970
9 17093 0.460 6093.49 0.999
10 19194 0.382 6588.35 0.999

Tablel6 ¢ Results of Make to Order Biulation show unstable performance

6.1.1. Sensitivity to Demand

Considering tfs responsegthe maketo-order system is infeasibées it is unable to satisfjurrentdemand

requirementslue to excessive setup tinkeducing the setup time by decreasing the ddmaiie can

determine a critical value of demand where this scei@gs reach a feasiblgeady stateTo reduce

demand, the intearrival time between customer orders increasiesulating less frequent customer

arrival with the aim ofichievng stability. Though this reduces the number of orders, the simulation run

time gradually increases to compensate for the reductioeirarrival time

Ten samples from each demand ratEigure22 allow for a reasonable approximatiofthecritical

demand valueThe proportion of completed ordedescribes the feasibility of the modahd an average

inter-arrival time ofapproximatéy five days, shows a stable system flitiiy the vast majority of

demand. The small proportion otimmplete orders represents the orders currently active in the system.

Stability of Demand Rates
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Figure22 ¢ Replication Data for Varying Demand
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Indeed measures frorother responsesveyift he systemés stability. The

leadtime andmaximum utilizatiorin Figure23 show significant | = 0.05) reductions in mean and

variation.

Average Order Lead-Time Maximum Utilization in Production Resources
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Figure23 ¢ Confidence Interval foResponses Compared to Demand In#rrival Time

The demandate is not alecisionvariable,andaccurately comparing this against other models requires
consistent demand measurensemthich do not correctly represent the physical param@&teosigh this

is acurrentlyinfeasible scenario, suchreducel demand enditionsarise thesteady stateesposewith
parameters iffable17 could be ofpracticalinterest

Ord_erlnt_er—ArrlvaI Lead TimgHrs) | Std. Deviation of Lead Time| Average WIRCount
Time =5 days
Average 176.25 75.888 560.50
Std. Deviation 24.58 23.90 144.2

Tablel7 ¢ System Response for Demand Rate of 5 Days per Order

6.1.2. ComparisonsOT , EOOI A6 O , Ax

Other emhancementi cycle time ould alsoyield a stable systenGiven a rough estimate of each

produ¢ 6 s t hr ofom (0.9t tould ze paossible to estimateediscrepancyn demand. The

cycle time for each produetries according to the section of the systeifigure24. Each part of the

sydem requireshe maximum possiblgnroughput to exceed demaimdorderto operate in steady state
OETT@W 1 ¢ 0Qi

o voN .Qr" ;oo NN~ T\ Y IQ“ i — 3 0-2
0 0 QaEH ¢ EHD WD O O AL T 0.2)
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D’de'—p Production » Final Assembly » Testing

Production Cycle Time Azsambly Cycle Time Testing Cycle Time

Figure24 ¢ Workstation Cycle Timeaand CapacityLimit ProductThroughput

Minimum cycle time for production operationsTable10bounds thenaximum possibléhroughput by
considering thenakespan ofthe predetermined job schedutes theshortespossible timé¢o make
components for the ordeédrder quantities greater than one, and any jobs currently in the system, can
only increase the time required to produce the componafoik in proess is onsemifinishedunit as
thesecycletimes are perunianda c c or di n g tthe redulting thlowwldpst ratewl able 18

shows demandexceed therate of produtton. The maximum possible throughput for each paidu
represents dedicating all resources to only building the particular product. Considering demand for all
products, the sum of the sales rate$able5, 0.554 or about one unit every two days, exceeds the
average theoreticahtoughput of all product$,.2307, in Table 18.

Minimum Maximum Possible Maximum Theoretical Average
Product| Cycle Time Throughput Throughput Rate Demand Rate
(hours) (units perhour) (units per day) (units per day)

1 30.719 0.03255 0.26042 0.0671

2 32.804 0.03048 0.24387 0.1137

3 31.446 0.03180 0.18244 0.1348

4 41.698 0.02398 0.10800 0.0656

5 36.614 0.02731 0.19512 0.0758

6 37.156 0.02691 0.11764 0.0871

AverageTheoreticalThroughput:  0.2307 Demand: 0.5441

Tabke 18 ¢ Product Cycle Time and Maximum Throughgat MTO Policy

While processing tirmgefor final assembly and testing can also limit throughput, these prodesses
multiple parallelservers thaincrease the maximum possible thgbput proportionallyln this case, the
maximum throughpubor each server, determined by the inverse of median processing time, multiplied by

the capacity, omumber of serveryield the maximum possible throughput of the proc€able19
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displayse ac h pr o d u achrodghputmatér finahassembly and testing, which appear to satisfy

demand requirements aatenotalimiting factor with respect tthe overall system throughput.

Median Processing Time Theoretical Throughput
Product (Hrs) (Units per Day) oemand
Final Assembly Testing | Final Assembly  Testing (Units per Day)
1 24.98 20.71 1.9209 3.0893 0.0671
2 24.46 22.23 1.9616 2.8777 0.1137
3 43.81 27.94 1.0954 2.2904 0.1348
4 74.03 39.09 0.6483 1.6370 0.0656
5 40.95 33.93 1.1719 1.8864 0.0758
6 67.96 43.11 0.7062 1.4844 0.0871
AveragePossible Throughput 1.251 2.211 Sum 0.5441

Table19 ¢ PossibleThroughput for Final Assembly and Testing

Feasibility is possible when tteveragehroughputof all producsis greater thnthe total demandlhis
yields two possibledunds on cycle time and dematttht, reduced proportionall\candeterminesome
approximataequirements fofeasibility. Figure25 depics the efects of proportional reductions in
demand and cycle timas compared to the maximum throughput tmal demand, respectivelyhis
shows the theoretical impact of these factors on feasibility while avoiding simulation experiments. To
satisfycustomerorders, difty -five percent reduction in cycle time or demand, could stabilize the-make

to-order system

Throughput for Reduced Production Cycle Times Throughput for Reduced Demand

s Jverage Throughput Total Demand s Total Demand Average Throughput
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=
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Percent of Measured Cycle Time Percent of Measured Demand

Figure25 ¢ Reduction of Cycle time or Demand for Feasibility
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Themaketo-ordersimulation experiment shows a stablsteyn by reducing the customer arrivaie by

about fifty percent, from every 2.

4 7 dimdigaingt o

the calculatel limits on cycle time and demamanprovide a rouglestimateof the requirements fa

stablemaketo-order system

6.2.

Make -Componen

ts -to - Stock Experiment Response

Twenty samples for each design point of éxperiment described fBection4.3yieldedtwenty

independent response values of achc t o r 6 :fiden€efintevdlin Talile®0 from the sample

show that the stoakg factorshave a clear effect on the average inventory lérdeed all possible

interactiongexist,as factorsare dependent on one another. For exantipdesibcomponent lot size is

dependent on the tdpvel component order quantityactoroneof theexperimenin Table13

corresponds tdR, the reorder point fortop-level componentsThe secondTOQ, represents the order

guantity oftop-level componentsThe third SR and fouth, SOQ factorsdescribe the rerder and order

guantity of subcomponeirt terms of the number ddts.

Effect of Description of Factor(s) relating to| Expected Effect | +/- Confidence

Factor(s) Component Inventory (Inventory Count) | Interval (" =0.05)
E(3) Subcomponent R&®rder Point (SR) 17898.56 332.63
E(2) TopLevel Order Quantity (TOQ) 16686.71 191.01
E(4) Subcomponent Order Quantity (SO( 14674.03 107.3
E(1) TopLevel ReOrder Point (TR) 8469.11 179.73
E(23) Interaction¢ TOQ, SR 683761 88.08
E(14) Interaction¢ TR, SOQ 2214.12 213.74
E(234) Interaction¢ TOQ, SR, SOQ 1909.4 164.84
E(134) Interaction¢ TR, SR, SOQ 1683.66 159.75
E(1234) Interaction¢ TR, TOQ, SR, SOQ 1648.86 145.36
E(24) Interaction¢ TOQ, SOQ 1136.24 208.96
E(13) Interaction¢ TR, TOQ, SR 1114.34 266.05
E(13) Interaction¢ TR, SR 1096.56 90.45
E(124) Negative Interactiog TR, TOQ, SOC -812.8 140.14
E(12) Interaction¢ TR, TOQ 580.29 180.27
E(34) Negative Interactiorg SR, SOQ -377.13 195.43

Table20 ¢ Average Inventory Response f@tockFactors

Other reponsessuch as the averagederleadtime, show that no#ll factors have aignificanteffecton

all responsedAs in Figure26, the reorder level hag minorimpacton customer leatime and
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variability. However the leadtime doesnot necessarilgorrelatedirectly with there-order level as

increasing theomponent stock level can omgduce the probability of stoakut and not processing time

in final assembly aesting.

Impact of Top-Level Re-order on Lead-Time
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Figure26 ¢ Effect of TopLevelComponent ReOrder Parameters on Order Leadme

The response of the frequency and duration of delays due to insufficient skaglrie27 reveal only the
top-level component rerder factor has a significant effect. The reduction seen irtieedis a result of
buffering demand with tofevel components to reduce delays. The practical problem in industry is to find
the minimum inventory valuthat result in satisfactory service levels. Sensitivity anatgigletermine

the tradeoffs for a single factorHowever determining interactions between inventory parameters

requiresa rather large experiment.

Impact of Top-Level Re-order on Stock-outs (Delays)
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Sensitivity analysis for each factshows the magnitude in any changes to resporwdind all other
factorsconstantllows one teestimatea minimum valuef inventory for the tyen parameteiSufficient
top-level component inventonyinimizes the interference of stoedutsdue to toplevel componentin
order to detect thany stockouts related taubcomponest The effect of increasing subcomponent re
order levels from zero tihree, and order quantity from one to five lots, skow significant impact on
leadtime, however thamountcomponent inventory on hamicreases ifrigure28. This indicaesonly a
single lot of subcomponent inventory is ragdi for acceptable servic€hereforeall furtherexperiments
hold a single lot of subcomponents unless specified otherwise

Inventory Held vs. Subcomponent Re-Order Inventory Held vs. Subcomponent Order Quantity
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Figure28 ¢ Subcomponent Parameters Impact the Level of Inventory

With subcomponent rerder ancbrder parameterat zero and one lot, respectivetiietop-level

component stockequiresatimeframe t, and probabilityp. Thevalue of the inventory parameters
appioximate the number of components requiredatisfypx100 percent of demand withindays

Values oft range fronone week (5 daygp two months (50 daysyith p = 0.95 With re-order

parameters fotop-level componentkeld constanat 95 percent of demand withdd daysthe order
guantity for toplevel components ifigure29 shows theroportion of orders complete does not reach an
acceptable level whileO15 days.This model is infeasible at these particular stock pointseas

frequency of setups requiredceedshe production time availablesulting in a large proportion of

orders incomplete

54



Proportion of Orders Complete
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Figure29 ¢ Top-Level Componet Order Quantity required > 15days for Stability

Holding the order quantitparametefor top-level components constaaitt = 17 andp = 0.95 service is
satisfactory and the system is stable. Sensitivity of thdetogd reorder parameter iRigure30 suggests
a stable systemith t 018 daysandp = 0.95 though does natecessarilyndicate acceptable

performance.
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0.98 - b4 . *
% ¢ i * % *
5 gos t b4 . $ %
£ . $ o g $ ‘ ;
S . e $ ¢ .
4 * 2 e o
3 094 3 - + .
g $ :
5 S
S 092 %
= . ]
S
B *
2 0.9 *
o
a

0.88

.
086 T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45

Component Re-order Level: 95% of Demand within t Days

Figure30 ¢ Proportion of Orders Completéor Component ReOrder Levet

55



Fort O25days, the system appears to provide a satisfactorye segponse, with a minimal amount of
inventory. Leadime for customer orders Figure31show no significant change in responsiveness for
values oft > 25 days The amount of setup time agstbckouts can alseeflect the levebf performance

and available slack production.

Component Re-order Level vs. Average Lead-Time Component Re-order Level vs. Lead-Time Variability
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Figure31 ¢ Order LeadTime for Component R®rder Parametet

6.2.1. Production Lead -Time Estimation

Analytical approaches to estimatingoguctionleadtime, the time requiretb fulfil requests for stock,
might not suffice due to the intricate production proesasd variability in jobs. However, it is possible
to derive arupper bound othe leadtime inproductbn by observinghe proportion of orders delayed
andre-order paramters fortop-level componentsShould theproportionof delays, or component stoek
outs,be less thad 1 p, then theminimumcorrespondingimeframe t*, canprovide an upper bound on
production leadime. If the reorder levelconsiders timefram#& andp, andthe proportion of orders

delayedq, equalsli p, then the choice op likely determines the frequency of steolts and not*.

If t " is less thart*, the proportion of orders delayed increasgO1i p, asdemand variability accounts
for 11 p of delays any additionatlelaysresultdue to nsufficient stockand time required for the
replenishment of components exceeds the derpatffer set att . If t * is greater thatt, excessive
inventoryis heldandthe proportion of orders delayedéaeasesq O11 p, as stockoutsoccur less
frequentlythan plannedShouldg approximate th@roportion ofordersdelayed, thent & t*, as delays
only result due tohe desigrof inventory parameter This implies thatop-level componente-order
parametersulfil p x 100percent odemand andreplenishstocki within t* days Though component
cycle timesvary according t@outing, processing time, amdnumber of other factartheleadtime for
stock fulfilment boundedy t*, estimate the production leatime for this set of inventory parameteas

t* & 27 daysin Figure32.
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Component Re-order Level vs. Stock-outs
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Figure32 ¢ Proportion of Delays foTop-Level Component Rerder Timeframet

Thisfeasiblemodel has potentidbr implementationTo compare the response and robustnesssof th
scenariofwo samples of invetory parametermdicate the effect of other factors orlipes. Thesetwo
alternativesonsider two values of the-meder point for todevel componentsThe first scenario
represents a normally stocked case, Witdre-orderpoint for toplevel componentset att = 27, and an
overstocked case with= 40days. The toflevel order quantity, held at 95% of demand within 17 days,
determines the lot sizes for subcompongmitding onlya single lotin stock Table21 shows the

respons®f ten samplefor these two scenarigs)= 0.05)for various performance indicators.

MTS ReOrder Level Average AverageOrder | Standard Proportion of
(Components) | Timeframet Days| Number of LeadTime Deviation of Delays
Scenario (p = 0.95) Components (Hrs) LeadTime (Stockouts)
1 ¢ Normal 27 9414 +£80.4 | 86.02 +/2.24 | 35.41 +/6.6 | 0.026 +/0.017
2 ¢ OverStocked 40 11108 +£83.6 | 84.02 +£2.65 | 30.74 ++2.5 | 0.003 +£0.003

Table21 ¢ Make-ComponentsTo-Stock Alternative Scenarios

The use of common components among products benefits the performarisemufdél greatlyhen
compared to the make-orderscenarioUsing an order quantity reduces the requirtds time as
incurringa setup for every order congests production to an unstable point in thecwwakier model

Making components to stock results ileadtime distributionwith almost all orders satisfied with160
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work-hours or four weeksas shown irFigure33. This leadtime comes from the final assembly and

testing processes, initiated after receiving a firm customer order.

Proportion of Order Lead-Times
Holding Component Stock
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Figure33 ¢ Making Components to Stock Typically Result©rder LeadTimesundera Month

6.3. Make Semi -Finished Goods to Stock Experiment R esponse

Since inventory held in this scenario only relates to damshed units and not compents, some
previousperformanceametricsdo not apply. For example, the proportion of orders delayed, or-stdsk
consider any inventory shortage as a delay. However, componenbsitsakait for production to
replenish stock while sedfinished unisrely onfinal assembly. This requires a change in the
measurement of delays, as the time for semshed stok relies on the finish time of final assembly
rather than productiods the proportionof orders complete candicate stability, additional measures
ensuregeasibility by examinindime-averaged quantity on hand of eagmifinishedproduct which
reveds the difference in demand and productadnility. If a product haa timeaveraged quantitgn-
hand approximating thee-order quantityit suggesta stable and responsive policy. Whereas if the
guantity on hand is frequentiguchlower than the r@rde point, or close to zerdhis indicates frequent

stockoutsof the productsits demand exceeds the ratereplenishment

The initial experiment consideigenticalre-order and order quantitieerossall products. Additional
experiments observe tleffect of other types ahventoryparameters. Stock points for products based on
demandand not a constant valusuld reduce inventory and better suit the demand for a product

like the component inventory parametétgperiments that use demabased parameters reflect the
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expected demand within a given number of days; other experiments with units not in days are simply the
number of semfinished productsTesting the use a semifinished order quantity against ordgu-to
parameters identifyrgy changes in responsko compare sertfinished and component inventory, the
number of components in each product, multiplied by the-tivegaged number dmand, determines the
number of components held in sefimished stock. This allows the sum of canent and serinished
inventory performance measuresstmw the total inventory held with a consistent unit dimension, the
number of component$he total number of components allows one to compare alternatives across

different models using the same rsagement for inventory value.

6.3.1. Constant Stock Parameters

Theresults of thenitial experimen{described iMrable14,) showsthe order quantity for serfinished

unitsin Figure34 significantlyaffects the proportion of orders completékhis suggestkow order
guantitiesresult in an unstable system,fesquentsetus congest production and begiretaceed the

available timefor atleast one resourc@&he reorder levelin Figure35 shows significant responses in
inventoryon handand the proportion of delays. However, as higher order quantities also show reductions
in utilization, setup, and leaiine, a sensitivity analysis observes the response to various values of order

guantitywith constant reorder levels

Effect of Re-Order Level on Delays and Semi-Finished Inventory
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Figure34 ¢ The Order Quantity for Serdtinished Stock Impacts the Stability of the System
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Effect of Re-Order Level on Delays and Semi-Finished Inventory
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Figure35 ¢ ReOrder Level of Servrinished Stock impacts Delays

With re-orderpointsheld at fivesemifinishedunits, the order quantity, varigidom one to five, inFigure
36 shows the proportion of orders does not reach a satisfactory level in some cases. The minimum number

of semifinished aveage on hand a product indicates order quantities less than three result in frequent

stockouts.
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Figure36 ¢ Minimum Order Quantityof Three Required for Stability

An order quantity of three shows satisfactory performandeeisystemTo investigate the causes behind
this performance, the maximum utilization and setup time experienced by a resdtigreed7
indicates overwhelming setup time tbe bottleneckesourcgusuallyiBEND, owjth low order

guantities.
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Figure37 ¢ Low Order Quantities Increase the Required Setup Time and Bottleneck Utilization

Though he order quantity appears to stabilize the @@ and variatiorin Figure 38, it requires an
investment irsemifinishedstock on handn Figure39, of about five thousand componeritarger order

guantities shovimprovedpeirformanceat the expense of higher levels of sdmished stoclon hand
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Figure 38 ¢ Order Leadtime and Variation Compared to Serfiinished Order Quantity
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Sensitivity on the serdinished reorder paameter, witha constant order quantityf three as itappears
requiredfor stable respons@dicateits effecton performance measurg3onstant reorder values range

from two to sevenunitsandthe responses for setup or utilization remain unchangétbugh the re

order point does not influence the stability of this scenario, an observable difference in the performance of
the system appears in the proportion of orders del&ygdre40 shows how the frequency of steokits

relates to the rerder level of serdfinished stockThe resulting change in inventory heldrigure41

shows the approximate tradé with the average leatime of customer orders.

Stock-outs vs. Semi-Finished Re-Order Level
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These relationships provide an understanding of constantfiséshied inventory parameterAlthough
feasible and responsive parameters exist, slight adjustments could improve some of the performance
measuresTwo more sensitivity experiments consider {stgtionaryinventory parameters based on the

demand of a product and the effect of ordpto levels as opposed ta constanorder quantity.
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6.3.2. Demand-Based Stock Parameters

With demandbased parameters for sefimished stockthe rates for product salesTiable5 providethe
expected number of units orderedhinta particular timeframe, Comparing the difference in
performance against constant ordering parameters across all products, inG8diam/olve setting
inventory levels based on tharious values dofin Table22. To compare demarshsed parameters, the
order quantity remains constant at five units feorger analysis, and a constanbreer point of five

units for the analysis of seffinished order quantity.

ExpectedNumber ofUnits inDemand Within
Product Timeframe { =)
30 Days 45 Days 60 Days 75 Days

1 2 3 4 5
2 3 5 7 8
3 4 6 8 10
4 2 3 4 5
5 2 3 4 6
6 2 4 5 6

Table22 ¢ Expected Number of Units Ordered withirdays

For demanébased oder quantites the setup and utilization tfie bottleneckresourcen Figure42 show
the same trend iRigure37 for constant order quantitieBheresponse of averagemifinished inventory
on handin Figure43, shows howtheorder quantity reflects the numberaafmponents on hand
However it appears irFigure44 that the same level of performance, kiade, requires similar amounts

of inventory on hanavhencompared to a constant order quarnpi@ayameter

Demand-Based Order Quantity vs. Utilization Demand-Based Order Quantity vs. Setup Time
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Figure42 ¢ Effect of DemaneBased Order Quantities on Bottleneck Resource Traffic
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Average Semi-Finished Inventory on Hand
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Figure44 ¢ Constantand demandbasedorder quantities show similar performance

The demandased reorder pintusesthep r o d expectédsdemand within a given timefrawigle
holding order quantities cetant at three unit€omparing the proportion of orders delayed and the level
of semifinished inventory irFigure45, showsthe two polices do not differ greatly howeyasing
demandbased reorder levels could reduce the fremey of stoclouts. Since the demawdes not differ
greatly from product to product, usitigmanedbased parameters does daisticallyimprove the
responsghowever, the morgariablethedemand distribution among products, the nmappropriate

demandbased parametetsecomeas they can better fit a namiform distribution
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Performance of Demand-Based and Constant Re-Order Levels
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Figure45 ¢ Comparison of Demandased and Constant Rérder Parameters

6.3.3. Order-Up-To Stock Parameters

To observe the effects of ordep-to semifinishedstockparametersnstead of praletermined order
guantities, both constant and demdradedorderup-to experiments consider a constanbrder level of
seven among all producBrderup-to levels, measured with respect to th@mder point, can redecthe
setup necessary as it reflects the current level of skiglre46 illustrates how ordeup-to parameters
affect the setup in production resourcBsough more effective than constant order quantities, as it can
order morghan one at a time, the difference in ordpito and reorder level specifiethe minimum

number of unitduilt per setup and frequency afders for stock replenishment

Difference of Order-up-toand Re-order Quantity determines Minimum Number of Units to Replenish

OUT=r+3

ouT=r+2

= QOH
Re-Order Level (r)
# No. Units Ordered
Order-up-to (OUT)

Re-Order Level (1)

Semi-Finished Units for a Product

Time

Figure46 ¢ Order-up-to Level controls the minimum nuimer of units ordered
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Figure47 showslow orderup-to levels donot achievestability, as at least one product is frequently out
of stock Larger values reduce the number of setegsired per unit, and with a minimum of thraets
per setupFigure48indicatesstable and acceptabperformancein terms ofaveragdeadtime andthe

frequency oftockouts.
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Figure47 ¢ Order-up-to Levels greater than three show stable perfoance
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Figure48 ¢ Performance of Ordeup-to Semifinished Parameters

If the orderup-to quantity incorporates the demand for a produetiormance remains relatively
unchanged. The setup and utilizatiorFigure49 showminor differences when compared to constant

orderup-to parametersThetradeoff in average leatime and semfinished inventory on handepicted
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in Figure50, also indicate negligiblevariationsin theresponse between demalnased andonstant

orderup-to parameters

Performance of Demand-Based and Constant Order-up-to Policies
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Since neither policy, demasthsedr constant stock replenishmesignificantly out-performsthe other,
constant orderingarametersompared to r@rder levels indiate the performance betwegrious re
orderpolicies Comparing constant order quantiteasdorderup-to levels inFigure51 indicate the
impact of constant rerder levels on senfinished inventory and stoeduts. However, demargased re
order levelsfound to reduce thfgEequency of stoclouts,couldimprovesome measure gerformancet

the expense of increased inventory

Constant Re-order Levels for Ordering Parameters
(Order Quantity = 3, Order-up-to=r + 3)
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Figure51 ¢ Reorder levels for semfinished stock show similar performance ofdering Policies

The impact of holdingemifinished stock, while ordering only the components required to replenish it,
could improve responsivenesg holding abousix thousandomponentsvorth of semifinished
inventoryand a thousand components in WIRis semifinished inventory holdapgproximately five
unitson-handfor eachproductin Table23, and awith constante-order level of five indicates stable and
acceptable performanc8ince the components in process dodictly buffer demandtheir ability to

pool variance through commonalitgmot apply.

Product 1 2 3 4 5 6

TimeAveragel Number of
SemiFinished Uniten Hand 5.213| 4.599| 4.159| 5.417| 5.402| 5.384

Table23 ¢ Average Stock of Senfiinished Products (R@&rder = 5, OrdeQuantity = 3)
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This scenarie@anplausiblyoperatenith some minimum inventorlevel and twopotentialsets of
parametergxaminetheir performancen furtherdetail The first considers constant order quantities of
three for all products and the secondsiders constant ordeip-to levels, both with r@rder levels
calculated athe expectedemand for the product withB0 days. Thaneasures of performanda Table
24, yield a baseline response for analhafisobustnes$o souces of uncedinty in these casesind he

proportion of leadimes inFigure52 showsthe responsiveness bbthpolicies

Case Reorder Ordering Average | Proportion | Stocked WIP Bottleneck

Level Policy LeadTime | of Delays | Inventory Utilization
Demandin| Order Qy = 43.6hrs 0.102 5495 1507 0.8177

60 Days 3 +/-9.87 +/-0.043 +/-401 | +/-399 | +/-0.0315
Demand in| Orderup-to= | 34.02hrs 0.036 6829 948 0.7026

60 Days | Reorder +3 +/-1.93 +/-0.018 +/-332 | +/-195 | +/-0.0311

Table24 ¢ Average response of ten replicatior(s8 = 0.05)for eachstockingscenario

Proportion of Order Lead-Times
Holding Semi-Finished Stock
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Order Lead-Time (Hours)

Figure52 ¢ Histogram ofTypicalOrder LeadTimes

6.4. Make to Stock Experiment Response

The maketo-stock model considers inventory of both components andfggstied unitsThethree
factorexperiment described Section4.5, utilizescommonre-order andbrder quantities for semi
finished goods. Since other inventory parameters, sudbraandbased stock levels amidderup-to

policiesin the previousnodel,could influencetheresponsgfurtherexperiment®bserve the
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effectiveness of such alternate strategies while holding componentSerdditivityanalyses of various

stock factors determintbe effect olsuchordeing policiesandany tradeoffs in perfornance.

6.4.1. Factorial Experiment of Stock Levels

Ten replications offte experimenin Table15 showscomponent levels have a significant effect on the
maximumsetup timeand utilizationin the systenwith respect to the number of cponents held in
stock.The reorder level of semfinished stockappearsnversdy correlated with the variability of order
leadtime andthe frequency of stoe&uts The ordemuantity of semfinished products appears to
influencethe proportion of ordercompleteindicating the factor has a possible limgtuiredfor

stability. Logically, thenumber of setups is a function of thler quantityhowever;cycle times for
componenteplenishmentan varydue to theadditional rurtime incurred from eachdalitional unit.

Table25 showsthe expected change in performaneeasurefore a ¢ h  floavand digh&etting

ExpectedResponse foFactor | Component | SemiFinished | SemiFinisted
(Low Value, High Value) Lot Size Reorder Point | Order Quantity
Performance Measure (22, 44 days) (1, 3 units) (1, 3 units)

Average Lead Time (hrs) -0.79 -0.39

St. Dev. Of Lead time -1.87 -0.88

Proportion Delayed -0.03 -0.01

Setup Timehrs) -240.44 -35.44 -122.95

Component Inventory 3027.02

SemiFinished Inventory 1164.5 650.9

Table25 ¢ Significant Changes in Response due to Stock Levels

6.4.2. Sensitivity of Stock Parameters

Further analysis of each factor, while holding the others constant, abidsmiéect on prformance
indicators Component lot size and theorder pointtested while holdingufficient levelsof semi
finished stockrevealhow component stock influenséhe responsdJsing the minimum component
inventory resulting in acceptable performartbe, reorder level of serdiinished stock considers two
alternativestocking policiesFirst, constant reorder levels across all products, and sectimelexpected
demand within a given t i merflerlaveiBhe semifinished omeringt i cul ar
policy also studies two cases, order quantities and-oqger parameters, to compare therformance

andrespons®f various value$or eachpolicy.
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Componenparametergnsure a minimum of one batch satisfies almost any request fofisened
stock replenishment; howeveo,incorporatehe demanaf components common to multiple products,
the parameters also consider the denwittiin a specifiedtimeframe. Figure53 compares the maximum
setup time and utilizadin to various lot sizes of componerignsideredas 95 percent dheirdemand
within t days.Thetraffic in production is acceptable at low levels of compolwrgize although further
reductions in congestion can improve flexibility. As sutkg logical tohold the minimumot size witht

= 5 daysaslarger lots daot appear to affect performance and only increaseethéredinvestment in
inventoryin Figure54.
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While lot size does not appear to affeetponsiveness measurggreasing the rerder lewel in
multiples could reduce frequency and length of stmats.\While holding the lot size constant, larger re
order levels irFigure55 do not appear tohangeresponsiveness measuegsl only increase the amount

of component imentoryon hand

Larger Re-Order Levels for Components
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Figure55 ¢ Component Reorder level shows little affect on performance

While the reorder level of components does not improve responsiveness for this set of inventory
parameters, it could prove useful undeme other circumstances. For one batch of components held, the
re-orderlevelfor semifinished unitsconsiders two cases, demdpased and constant parameters among
the productsFigure56 shows low reorder levels for serrinished inventory indicate demaiased
parameters perform better than constant levels. However, at largelerdevels, demanrbased

parameters hold more stock than constant parameters for no further reduction-otisgo€epending on

the acceptabladéquency of stockuts, the stocking decision could change, though additional cases

consider constant seffinished reorder levels of five units.
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Performance of Demand-Based and Constant Re-Order Levels
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Figure56 ¢ Comparison of R@rder parameters on stoclouts and inventoryon hand

With inventory parameters for components and dewnshed reorder leveldheld constanistationary

order quantitiesompared to ordenp-to levelsrequire some modification as orelgs-to policiesin

Figure57 showunstble performancesince component lot sizes depend on the order quantity of semi
finished stock, ordeup-to levels often require additional component to replenish stock. To compensate
for this error in lot sizing, r@rder levels for componentgereincreased to two lotsThisshows stable
performance irFigure58 when compared to constant order quantities, though the-wpeerpolicy

appears ttnold more component stock
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Figure57 ¢ Order-up-to Pdicies for Semiinished Units show instability
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Figure58 ¢ Comparison of Ordeup-to and constant Order Quantity Policies show little difference
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With low values of order quantitgonstant parameters appear to perform béteergh largeguantities

do not showany significandifferencein responsivenes3 hough this policy showsomeimprovements

overmaking semiinished unitswhile not holding any component inventofgw differences appear

while holdingcomponent stock. Tavsets of parameters examine further cases of this stocking scenario.

As the order quantity increases without respect to tHoeder point, the time for stock replenishment

could result inpoor performanceso the first case holds low amounts of sénished stock with constant
re-order levels and order quantities of three and one respectively. The second case considers increased

inventory with reorder levels of five, and order quantity two, for each product. The average response of

ten replications iMable26 creates a baseline performance measure for further experimbilesthe

histogram inFigure59 shows the distribution of customer |ethahes.

ReOrder | Order Average St. Dev. Proportion | Component _ng+
Case Point Quantity | LeadTime Of Lead of Delays Stock Finished
Time Stock
1 3 1 34.77 18.58 0.0886 2403.4 3709.8
2 5 2 31.12 9.59 0.0071 3488.7 6661.5

Table26 ¢ Two possible inventory levels fothe Maketo-Stock Scendo
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Figure59 ¢ Proportion of Order Leadimes while holding bothcomponent and semfinished stock

6.5. Comparison of System Reponses

Throughout these experiments of stocking policies, six sets of inventory parameters frorhttiheéeuo
scenariosn Table4 showthe effects and robustness while introducing a source of randorhess.
objective of these further analyses is to represent real world variability in the simulation nedsdbte
the limiting factors and capacity of the systefhe averageesponsdrom ten replications of each

parameter setting allow for reasonalgleel of confidence to deteahysignificant changes.

Experiments for capacity in final assembly and testing are straiglaifd as it is possible to specify the
capacity for a resource. The randomness of job duration requires a parameter to represent the level of
variation as described {0.6), subject to a nonegative minimum processing time. Pugtion

interference represents possible conditions inehésystemabsenin the model. Additional parameters
allow the system to model a likely set of interference. The maximum level of demand the system can

sustain shows how each model responds tmésis expansion.

6.5.1. Feasible Alternatives

The sixsets of parameters selected for furthteidy in Table27 determinefiow eaclalternativeresponds
to changes in capacity for final assembly and testing processes, randomnesiiatjobs, and

interference from other practical circumstanddss subset of possible stocking configurations can

identify how the operating procedur eHoweaenid i nvent o
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includes aly three of the four posdibinventory scenarids Table4, as thebare minimuninventory

choicein Section6.1, the completely makt-ordermodel| showsunstable performance anequiresa

reduction incycle time or demandf sustainable throughpanhd steadgtate

Model Avgrage Lead| Proportionof | Component | SemiFinished
Time(Hrs) OrdersDelayed Inventory Inventory

Component Stock (Low) 86.02 0.026 9414

Component Stock (High) 84.02 0.003 11108

SemiFinished Stock ¢w) 43.6 0.102 5495
SemiFinished Stock (High 34.02 0.036 6829
Both Stocked (Low) 34.77 0.0886 2403 3709
Both Stocked (High) 31.12 0.0071 3488 6661

Table27 ¢ Six sets of Inventory Parameters for Further Analysis

6.5.2. Capacity in Final Assembly

The current parameters indicate six parallel semeitfor assembling senfinished units from
componentsReducing the number of servershigure60 shows poor responsivendss only three
servers, thougthe deterioration in servicirfaces earliewhile holdingcomponent stocknd notsemk

finishedproducts

Impact of Final Assembly Capacity on Average Customer Lead-Time
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Figure60 ¢ Average Leadime for Customer Orders with Reduced Capacity in Final Assembly
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Indeed decreasing the capgaf final assembly one or two servers does not significantly change
performance in terms of average lg¢ade. The standard deviation of leidhe in Figure61 confirms this
as variability in leadime remains unchangedhencorsidering a final assembly capacity of five for
component stockand fourwhile holdingsemifinishedunits Some performance indicators, such as the
proportion of orders delayed; do not apply sitteedefinition changes according to the placement of
stockpoints.With only small reductions in the final assembly processing capacity, changes appear
negligible though more than three servers seem required for stable implementation of any inventory
policy. To determine if reducing the number of servers is eoaradly beneficial, the cost per unit time
of the server should exceed the monetary benefit of the theoretical service level.

Impact of Final Assembly Capacity on Variation in Customer Lead-time
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Figure61 ¢ Variability in OrderLeadtimes corresponding to capacity in Final Assembly

The performace depends on many variables and the response from the model can imimeteat

service levelthoughconsidering only the final assembly process requires assigning subjective costs to
some measure of performance. For examplassesshe final asseably process, consider an M/M/s
first-in-first-out queue t@pproximatehe M/G/6 queue in the simulationhis approximation assumes an
inter-arrival rate as the expected time between customer aroi/a hoursandanexponential service
distributionwith mean46 hours, the average processing tforeall products As the number of servers
decrease ifable28, t h e rudlimtonandgeduelength increase and with two servers, traffic

intensityexceeds allowable limitd he simulation modehppears toequiremore than three servers
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whereas theough approximation to analytical queuing equations signifiese than twaeerverscan

t he

servers

achievesteady state Though subjective and appr ocateamat e,
6opti mal cost, 6 or the minimum number of
Number of Servers Traffic Intensity Probability Average Queue
(Final Assembly Capacity (</sp) (Queue Length > 0 Length
6 0.388 0.035 0.022
5 0.466 0.1 0.089
4 0.582 0.266 0.371
3 0.777 0.611 2.130
2 1.165

Table28 ¢ Approximate M/M/s Queuing Model Shows Analytical Performance Meess

6.5.3. Capacity in Testing

Considering six servers in final assembly, reducing capacity in the testing process exarnnifhesnte

on performanceand critical requirement&or small reductions in testing capacity, each model does not
indicate any alteed performance with more than five servers, though larger reductions show worsening

performance and steady state requires at least three s€igarse62 shows how gradual changes in

order leaetime response eventually reactigping point where the system becomes unstable.

Impact of Testing Capacity on AverageCustomer Lead-time
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It is conceivable that the eight parallel servers in the testing process exceed the necessary cayoacity for
significant improvement in performance. The standard deviation of ordetiteaslinFigure63
indicatesthe number of serverequired befor@ noticeable chang@ responsivenessor each stocking

scenario, the minimum capity shows four servers required for satisfactory performance.

Impact of Testing Capacity on Variability in Customer Lead-time
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Figure63 ¢ Variation in Customer Leatime considering the Number of Servers in Testing

6.5.4. Randomness in Job Processing Times

One of the most common sources ofiahitity arises frormon-stationaryjob durationstypically due to
complex tasks requiring a human operator. A common measurement of this job variability known as the
co-efficient of variationCy, considers the ratio of standard deviation and mean wioggsme for jobs

in (0.6). Introducing randomness by changing thesfficient of variation, subject to a minimum

processing time of half the mean to ensure-megativity, shows a robust system for small variations in

job duraions. However, as the measure of randomness grows, the médgliia64 indicates that

increased component stock provides an excellent buffer aglgimsariability. An additional makeo-

stock model, holding increase levefscomponents stock, shows how robust the completely stocked

model can be.
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Although the variations in processing time eventually change the average custahiene, the

Figure64 ¢ Component Stock Buffers Variability for Job Processing Times

randomness alone does not cause the delay in customer orders. The maximum utilization experienced by a

resource show the delay in customer orders resultséxmssiveeongestion in production. Indeed the

level of randomness appears dilgcorrelated to the bottlenegkatilization ard as congestion increases
in Figure65, the system queues become unstable and ordetiheesl explode. As utilization exceeds

about 0.95or aparticular resource, any stocking jgglcannot satisfy customer orders in a stable and
sustainable manner.
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6.5.5. Production Interference

The randomness in job duration might not be the only soureariaition in the production area. Other

forms of variation model possible conditions that could affecstlyes t peroémanceThree

experiments observe the robustness and impact of introducing such hypothetical measures of variability.
The first experirant considers the frequenofymachine breakdowns in production with an average repair
time of one day. Second, the length of breakdown increases from onesdagtafor a particular rate

of machine failure. The third examines the effect of introduaitdjtional jobs to production queues to

represent the production of specialized orders or for research and development purposes.

To interrupt production or introduce additional jobs, another process in the simulation creates the effects

by either preenmpting the existing queue or ddd a series of random jobs to the individual machine

gueues. Thparameters for prempting the queue consider time between failures, and for repairs,

exponential, independent, and identically distributed. Adding jobsdcsas ur ce 6s queue requi
frequency as a proportion of demand and the number of jobs to insert into production. For this case, job
lengthset at a half hour shows the affect of additional jobs at a rate proportional to demand and a

combination of low ad high values for each parameter examine the effect on performance.

With mean time to repair (MTTR) machines of one day, increasing the frequency of failbigsrazt6
do not appear to affect the respoesenwith a mean tira beforefailure (MTBF) of less than one week
An averagdailure rateof onceevery 100 hours, repair ratiesFigure67 show failures lasting more than
one week can significantly affect the performance ofauer leaetime, thaigh increasingtock on hand

could mitigate the reduction in responsiveness.
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Frequency of Machine Breakdowns on Average Order Lead-time
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Figure66 ¢ Frequency of Machine Breakdowns does not change performance with MTTR = 8 hours

Extended Downtimes on Average Order Lead-time (MTBF = 100 Hours)
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Figure67 ¢ Performance detemrates with MTTR greater than two weeks

Since data on machine failures is abstrhypothetical parameters can ontgicate robustnesand are
not representative of the actual failures. Adding jobs in production can represent a number of conditions
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and rather than test every possibility, a low and high valua an appropriate range reveal any change in
response. The two parameters that describe the interfetaadeequency and number of random jobs,
each have a low and high value. For the frequef@dditional jobs, the low value set at ten percent and
a high value ofwenty five percendf demand, while the magnitude of the interference considers one
thousand jobs at the lolevel and five thousand at the high levéijure68 shows no statistical

difference in responsivenefs both the frequency and amount of jobs added randomly to production.

Frequency of Jobs added to Production Resources Amount of Jobs added to Production Resources

@= HighSemi-Finished Stock

" == ¢= = Low Combine Stock

----------- T =¢= HighCombine Stock ——— — === HighCombine Stack

Average Order Lead-Time (Hours)
Average Order Lead-Time (Hours)

LowLevel HighLevel LowLevel HighLevel

Rate of Jobs Added to Production (0.1,0.25 - Proportion of Demand) Number of Random Half Hour Jobs Added ta Production {1000, 5000)

Figure68 ¢ Number of Jobs added to Production Resources shows no change in responsiveness

Therange of parameters for jobs added to production queues considers a maximum level of interference
of five thousand halhour jobs approximately once every four orders. Holding stock appears to buffer
variability from excessive jobsioweverit is not readly quantifiable as the completely aketo-order

modelis not teste@dndwould likely have thevorst performancenderincreasedob loadings.

6.5.6. Limiting Demand

Though parameters for stock points incorpotEmand measurements, the sensitivity abdgoess of
theexperienced demand indicates some stocking polices protect against excess demand better than others
do. If the demand measurements actually change, it would be sensible to adjust the stocking parameters
accordingly Figure69 shows component stock protects against excess demand better théinisbed

stock however holding both inventoriesnsustain the largest increase in demand.
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CHAPTER 7 CONCLUSION

Through these simulation experiments, the inventory parameters and operating procedutieatshow
some stock is necessary, as the completely ftmkeder model does not achieasteady statelhis

implies large mounts of setup are congesting the production resources to a point where they cannot
satisfy demandrhe verification of this model includes debugging and tracing the active processes in the
simulation. Several conclusions can allow key decisiatkers tambserve the connection between the

impact of various parameters on the simulation response and the expected effect on the real system.

7.1. Inventory Parameters and Constraints

Although it is possible for a job schedule to improve the makespan of pjothustquences in the pure
maketo-order model, the required 55% reduction in cycle time does not appear likely without some
process ralesign oreffectiveforecasting method. As interference from random jobs in Se@ttoh

show a negligibleémpact on performander inventory policiesit could greatly affect the untested make

to-order scenario.

Holding componenstockwas shown taignificantly improvecustomer leadime if we imposea

minimum order quantity. The order quapitan reducehe setup time in production resources, which in
turn, reduces theongestion and queuing stabilify.stable system requires batching components in some
form. The reorder level for componenisfluenceshe proportion of orders delaygtioughit does not
alter the st abi | iHoldingedmifinished stech atohesm@sssimiautitsoeigh .
implementingorderup-to inventory parameters show some improved performance levels as the number
of setups decreases slightolding both inventoriesdicatesemifinished ordeiup-to parameterare

not as effectiveas the component stocking parametetsich control the number of setypsly on

constant order quantities to ensure their availability for replenishiemirderup-to parameters create
variability in the ordering quantity, the amount of subcomponents required can vary and thikeafore

stocklevels wouldrequire some statistically based parameters.

Holding component inventory shows an average-tead of aboutwo weeks, however with semi
finished units on hand, the average l¢atk falls to one week. Since this analysis considers the inventory
on hand as the timaveraged number of components, holding five thousand components dirgeineid

inventory could povide a week advantage in letwhe as opposed to holding five thousand individual
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componentsHowever, semfinished units require added labour costs, though incurring these costs is
mandatory, and do not have the same flexibility as component stock eadricapply to multiple

product s. Depending on tHhe meusatnamdermes coxmpantydtsi an
investment in inventory, the decision on where to place stock and the associated inventory parameters

perform suitablyunder a variety foconditions.

7.2. System Parameters

Introducing possible sources\iriakility examine the robustness of the model. Capacity in the final
assembly process should exceed three servers or four if holding only component stock. The analysis of
testing capdty shows room for reductions as only four parallel servers appsguiral as opposed to

the currenpractice of eightSeveral sources of variability include job time randomness, which shows
significant impact on senfinished stock scenarios howevelding component inventory can absorb the
variability until the utilization for a resource reaches unacceptable levels. Other types of production

interference such as machine downtimes begin to affect performance if repair times exceed a week.

The maximundemand any scenario can handle shows the #itaéler model can only satisfy half the
existing demand whereas inventory allows the system to buffer demand variability as shiyund69.
However, if such demand materializeseacan simply change the stocking lewelsompensate for the
increase in demand though a ma@erder system requires increases in capacity, forecasting,

outsourcingpr some other method to absorb #ugleddemand.

7.3. Implementation Challenges

To implenent such policies inside an MRP framework, the job release mechanism needs alterations to
provide work orders to the shop floor at the correct time and not when an order arrives. Mémynsond
could arise which creafgoblems for the systerauch as exemely large orderthatcould alter the

demand for an entire yed@ne of the main advantages of this production system is the commonality

between components to buffer variability in product variety.

The simulation model is only a representation ofatial system, which is much more complex and
requires considering a number of aspects not included in this Stiuielyaw materials for components
assumed always available, realistically depend on supplietifead and the available space for

inventory For any of theonsiderednventory approaches, one of the main issues will be whereethe i
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areactually going to go and if there is enough warehouse space. Typically, holding costs associated with
the value or size of the material part estimate hgpersivethey areto stock;however the actual cost
incurred can depend on the locatioast ofbuilding new facilities renovate existing facilities, and

physical parameters of the inventory itself

Before the results of the simulation can provide wisggcisioamaking information, validating the

model, to ensure that it represents the current system accurately, should take place for every aspect in the
production process. With expert knowl edgeis valida
an appropriate translation of the real system, and can correct any overlooked details or assuvtions.

a valid and credible model, adjusting the parameters can provide insight into how the real system reacts
under similar conditions. Reducing intery costs to an optimal level requires a valid mpdglsuch;

this simulation study is more of a proof of concept for alteroperatingorocedures, rather thaime best

possible solution. The essential concept illustrated in this researchc@tdiegerablereductions in

customer leadime and variabilitywith the proper placement afventory.

To implement different operating procedures requires support from all levels of management and a
transition phase to reach the target stock levels pftdudion facilities should prepare for inventory and
material handling systems while building a stock of componantsthen senfinished inventory if
applicable. Integrating the production operating procedures into the existing MRP system is possible,
thoudh designing irhouse software could better suit the specific needs and environfitbat

organization

7.4. Further Study

With additional information from the organization, the modelicaonrporate furthedevelopnents to
includeaccurate details ofgssonal factors and allowances. Further experiments through simulation
modeling with other types of inventory parameters or operating procecdwiesmprove the managerial
understanding of the system, its limits and performance. For example, modelipgnarinventory

with orderup-to parameters could provide insight into the effectiveness of such strategies with different

levels of subcomponents.

Other types of analysis could apply to the system in que3tiemethods for overall analysis as
descrbed in Chapter 2 provide broad areas for additional research. Should information on capacity

planning or forecasting become availalhe system could benefit from such research. Howgsler,
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scheduling and heuristics for producticmmponents could impve the responsiveness and reduce
congestion for added flexibility. Other types of analysis could involvetieaal promising, where the
expected time to fulfil an order can depend on the type of product ordered and the state of the production

system.

Theseadditionalanalyses require the organization to provide informadimout their environmergndthe
goals they would like to achievalthough using intuition as a manufacturing strategy can be effective
with small production operations, grong organizatiors should not only consider product design
engineeringsales and marketingut also the production control system.
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APPENDIX A i Total Component Quantit iesin Products
Total Quantity in Product Total Quantity in Product
Component 1 2 3 2 5 Component 1 2 3 2 5

176-1129-01 4 6 206-8032 1 1
183-6058 1 206-8036 1 1 1
183-6059 1 206-8040 2 2
184-6129-01 2 206-8041 1

198-8357-01 2 4 8 16 206-8042 1 1
200-5503-16 1 206-8043 1 1
200-5514-20 1 1 1 206-8044 1 1
200-5514-40 1 206-8045 1 1
200-5515-12 1 206-8046 1 1
202-8037 1 206-8047 1 1
203-6016 1 206-8049 1

203-6016-FP 1 206-8049-02 1
203-6098 2 206-8050 1 1
206-1004 2 4 8 16 206-8051 2 2
206-1010-01 2 4 8 16 206-8052 1 1
206-1012-01 2 4 8 16 206-8055 1

206-1014 2 4 8 16 206-8056 1 1
206-1016 2 4 8 16 206-8057 1 1
206-1018 2 4 8 16 206-8058 1 1
206-1020-02 2 4 8 16 206-8059 1 1
206-1022 2 4 8 16 206-8063 2 2
206-1024 2 4 8 16 206-8064 1 1
206-1026 2 4 8 16 206-8065 1 1
206-1028-01 2 4 8 16 206-8066 1 1
206-1030 2 4 8 16 206-8066-01 1 1
206-1030-01 2 4 8 16 206-8070 1 1
206-1030-02 2 4 8 16 206-8072 1 1
206-1030-03 4 8 16 32 206-8074 1 1
206-1030-04 4 8 16 32 206-8075 1 1
206-1032 2 4 8 16 206-8079 1 1
206-1034 2 4 8 16 206-8086 2 2
206-1034-01 2 4 8 16 206-8087 2 2
206-1036 2 4 8 16 206-8088 2 2
206-1036-01 4 8 16 32 206-8089 1 1 1
206-1036-02 2 4 8 16 206-8090 1 1
206-1038 4 8 16 32 206-8092 1 1
206-1038-01 2 4 8 16 206-8093 1 1
206-1040 8 16 32 64 206-8094 1 1
206-1041-02 2 4 8 16 206-8094-01 1 1 1
206-1042 2 4 8 16 206-8096 1 1
206-1044 2 4 8 16 206-8097 1 1
206-1150 2 4 8 16 206-8098 1 1
206-3024 1 1 1 1 206-8099 1 1 1
206-4060 8 12 20 37 206-8209-01 1
206-8009 1 1 206-8216-02 1
206-8012 1 1 1 206-8216-03 1
206-8016 1 1 206-8222 1
206-8016-01 1 1 206-8222-01 1
206-8018 1 1 206-8230 1
206-8018-01 1 1 206-8232-01 1
206-8022 1 1 206-8234 1 1 1
206-8022-01 1 1 206-8236 1 1 1
206-8024 6 6 206-8242-01 1
206-8026 1 1 206-8244-01 1
206-8027 1 1 206-8245 1
206-8027-01 1 1 206-8247 1
206-8028 2 2 206-8250 2
206-8030 1 1 206-8251 1
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Component

Total Quantity in Product

Component

Total Quantity in Product

1 2 3 4 5 1 2 3 4 5
206-8252 1 206-8440-01 1
206-8254-01 1 206-8442 1 1
206-8257 1 206-8443 1
206-8258 2 206-8443-01 1
206-8263 2 206-8444 1
206-8263-01 1 206-8445 1 2
206-8264-01 1 206-8446 1
206-8265-01 1 206-8447 1
206-8270 1 206-8448 4 6
206-8272 1 206-8449 2 2 1
206-8274 1 206-8450 2
206-8275 1 206-8451 1
206-8276 1 206-8452 1
206-8276-01 1 206-8452-01 2 2
206-8276-02 1 206-8453 1
206-8277 1 206-8453-01 2 2 1
206-8278 1 206-8454 1 2
206-8281 1 206-8455 1 1 8 16
206-8281-01 1 1 2 206-8456 4 4 1
206-8282 2 206-8457 1
206-8283 2 206-8458 4 4
206-8284 1 206-8460 4 4 2 2
206-8287 1 206-8461 2 2
206-8290 1 206-8462 2 2 2
206-8292 1 206-8463 1
206-8296 1 206-8464 1
206-8296-01 1 206-8464-01 1
206-8409 1 1 206-8465 1
206-8410 1 1 1 206-8465-01 1 1
206-8410-01 1 1 206-8466 2
206-8412 1 1 1 1 206-8466-01 1
206-8412-01 1 1 1 206-8467 1 1
206-8414 1 206-8468 1 1 4 4
206-8414-01 3 3 206-8469 4 4 1
206-8415-01 2 2 206-8470 1
206-8415-03 1 1 206-8472 1 1
206-8415-04 1 1 1 206-8473 1 1 1
206-8416 1 206-8474 1
206-8416-01 1 1 206-8475 1
206-8418 1 206-8476 1
206-8418-01 1 206-8476-01 1
206-8418-03 1 206-8476-02 1
206-8420 1 206-8477 1
206-8420-01 1 206-8478 4
206-8422 1 206-8480 1
206-8422-01 5 10 206-8481 2
206-8424 1 206-8482 2
206-8425 1 2 206-8482-01 2
206-8426 4 8 206-8483 2
206-8428 1 206-8483-01 2
206-8430 1 206-8484 2
206-8430-01 2 206-8484-01 2
206-8432 1 206-8486 1
206-8434 1 206-8486-01 1
206-8434-01 2 206-8486-02 2
206-8436 25 50 206-8487 2 2
206-8438 18 18 4 8 206-8488 2 2 1
206-8440 1 206-8489 2
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Component

Total Quantity in Product

Component

Total Quantity in Product

2 3 4 5 6 2 3 4 5 6
206-8490 1 207-7126-02 1
206-8492 1 207-7126-03 1
206-8492-01 2 4 207-7128 1 1
206-8493 2 1 1 207-7128-01 1 1
206-8493-01 1 2 207-7130 2 2
206-8493-02 2 2 1 207-7130-01 2 2
206-8496 2 207-7130-02 1 1
206-8496-01 2 207-7132 4 4
207-1022 1 40 20 207-7132-01 1 1
207-1024 1 40 20 207-7132-02 1 1
207-1024-01 40 20 207-7135 2 2
207-1026 40 20 207-8110 40 20
207-6112 1 1 207-8112 1
207-6112-01 1 2 207-8112-01 1
207-6114 1 1 207-8120 1
207-6114-01 1 207-8120-01 1
207-6115 1 207-8128 1
207-6116 1 1 207-8128-01 1
207-6117 1 1 207-8128-02 1
207-6117-01 1 1 207-8128-03 1
207-6118 1 207-8130 3 1
207-6118-01 1 207-8136 1
207-6119 1 1 207-8136-01 1
207-6122 1 1 207-8138 1
207-6122-01 1 1 207-8138-01 4
207-6124 1 1 207-8138-02 1
207-6130-03 1 1 207-8138-03 4
207-6130-04 1 1 207-8140 1
207-6130-05 1 1 207-8140-01 1
207-6132 1 1 207-8144 2 1
207-6133 2 2 207-8146 1
207-6133-01 1 1 207-8148-01 1 1
207-6134 2 2 207-8149 1
207-6134-01 1 1 207-8149-01 1
207-6135 1 1 207-8149-02 1
207-6135-01 1 1 207-8149-03 1
207-6136 1 1 207-8154 1 1
207-6136-01 1 1 207-8156 1 1
207-6136-02 1 1 207-8158 20 10
207-6138 1 1 207-8158-01 4 2
207-6140 1 1 207-8160 3 1
207-6140-01 1 1 207-8162 4 2
207-6140-02 1 1 207-8164 1 1
207-6142-01 1 1 207-8172 2 2
207-6144 1 1 207-8172-FP 2 2
207-6146 1 1 207-8174 1 1
207-6148 1 207-8182 1 1
207-6148-01 1 207-8186 1 1
207-6158 1 1 207-8186-01 1 1
207-6172 1 1 207-8188 1 1
207-6174 1 1 207-8188-01 1 1
207-6174-01 1 1 207-8190 1 1
207-6176-02 1 1 207-8192 1
207-6176-03 1 1 207-8192-01 1
207-6180 1 1 207-8198 4 8
207-6182 1 1 207-8198-01 2
207-7126 1 207-8198-02 2
207-7126-01 1 207-8220 2 2
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Component

Total Quantity in Product

1 2 3 4 5 6
207-8224 1 1
207-8230 2
207-8230-01 1
207-8232 1
207-8234 2
207-8286 2 2
207-8290 1 1
207-8292 1 1 1 1
207-8512-01 1
NAA56/01 2 4 8 16
NAH57 5
NAH57/01 5 5
NAP36/01A 20
NAP36A 40
NAPA19 40 20
NAPC156 1 1 1 1
NAPI100 1 1
NAPI105/01 2 4 8 16
NAPI111 1 1 2 4
NAPI115 1 1 1 1
NAPI98 1 1
NAPI99 1 1
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APPENDIX B

T Job Routings and Times

Component WorkStation Operation Setup TimeRun Timg ComponentWorkStation Operation Setup Time Run Timg ComponentWorkStation Operation Setup Time Run Time
176-1129-01 | CUT 1 0.1 0.001 206-1016 DM 4 0.075 0.004 206-1030-0¢PRGM 1 0.074 0
176-1129-01 LATHE 2 0.75 0.09 206-1016 PLATE 5 0 0.009 206-1030-0¢PUNCH 2 0  0.002¢
176-1129-01 MISC 3 0  0.0054 206-1018 PRGM 1 0.074 0 206-1030-0¢MISC 3 0.124 0.00231%
176-1129-01 PLATE 4 0.02 0.02 206-1018 PUNCH 2 0 0.009 206-1030-0<DM 4 0.075 0.00293¢
183-6058 COILS 1 0.33 0.01810 206-1018 MISC 3 0.124 0.004184 206-1030-0¢PLATE 5 0 0.00187%
183-6059 COILS 1 0.37 0.24524 206-1018 DM 4 0.075 0.004 206-1032 PRGM 1 0.074 0
184-6129-01 | CUT 1 0.2 0.01§ 206-1018 PLATE 5 0 0.004 206-1032  PUNCH 2 0 0.006
184-6129-01 LATHE 2 0.25 0.13 206-1018 ASSY 6 0.07 0.004167 206-1032 MISC 3 0.124 0.00600¢
184-6129-01 PLATE 3 0.02 0.02 206-1020-0: PRGM 1 0.074 0 206-1032 DM 4 0.075 0.006
198-8357-01 PRGM 1 0.074 0 206-1020-02 PUNCH 2 0 0.004 206-1032 PLATE 5 0 0.00€
198-8357-01 PUNCH 2 0 0.004 206-1020-0z MISC 3 0.124 0.004684 206-1034 PRGM 1 0.074 0
198-8357-01 MISC 3 0.05 0.00591! 206-1020-0z DM 4 0.075 0.004 206-1034 | PUNCH 2 0  0.003:
198-8357-01 PLATE 4 0 0.009 206-1020-0z PLATE 5 0 0.009 206-1034 MISC 3 0.124 0.00343¢
198-8357-01 DM 5 0.075 0.009 206-1020-0: ASSY 6 0.07 0.006214 206-1034 DM 4 0.075 0.00€
200-5503-16 CUT 1 0.094  0.041 206-1022 PRGM 1 0.074 0 206-1034 BEND 5 0.08 0.00329¢
200-5503-16 MISC 2 0.32 0.051 206-1022 PUNCH 2 0 0.004 206-1034 PLATE 6 0 0.008
200-5503-16 PLATE 3 0.02 0.02 206-1022 MISC 3 0.124 0.004184 206-1034-01PRGM 1 0.074 0
200-5514-20 CUT 1 0.15 0.02 206-1022 DM 4 0.075 0.009 206-1034-01PUNCH 2 0  0.003%
200-5514-20 MISC 2 0.11  0.0067 206-1022 PLATE 5 0 0.009 206-1034-01MISC 3 0.124 0.00378¢
200-5514-20 PLATE 3 0.02 0.02 206-1022 ASSY 6 0.07 0.003214 206-1034-01DM 4 0.075 0.00€
200-5514-40 CUT 1 0.15 0.02 206-1024 PRGM 1 0.074 0 206-1034-01BEND 5 0.08 0.00579¢
200-5514-40 MISC 2 0.11  0.0067 206-1024 PUNCH 2 0  0.003§ 206-1034-01PLATE 6 0 0.006
200-5514-40 PLATE 3 0.02 0.009 206-1024 MISC 3 0.124 0.00400¢ 206-1036 PRGM 1 0.074 0
200-5515-12 MISC 1 0.32 0.05] 206-1024 DM 4 0.075 0.009 206-1036 PUNCH 2 0 0.004
200-5515-12 PLATE 2 0.02 0.02 206-1024 ' BEND 5 0.085 0.00335! 206-1036  MISC 3 0.124 0.00468¢
200-5515-12 CUT 3 0.094 0.0414 206-1024 PLATE 6 0 0.004 206-1036 DM 4 0.075 0.006
202-8037 CuT 1 0.095 0.01§ 206-1024 ASSY 7 0.07 0.00466 206-1036 PLATE 5 0 0.0037t
202-8037 MILL 2 0 0 206-1026 PRGM 1 0.074 0 206-1036-01PRGM 1 0.074 0
202-8037 DRILL 3 0.094 0.009 206-1026 PUNCH 2 0  0.0045 206-1036-01PUNCH 2 0 0.002
202-8037 MISC 4 0.32 0.051 206-1026 MISC 3 0.124 0.00600¢ 206-1036-01MISC 3 0.124 0.00294
202-8037 PLATE 5 0.02 0.02 206-1026 DM 4 0.075 0.004 206-1036-01DM 4 0.075 0.00293¢
203-6016 MISC 1 0.32 0.051 206-1026 PLATE 5 0 0.004 206-1036-01PLATE 5 0 0.00187%
203-6016 DM 2 0.075 0.004 206-1028-0 PRGM 1 0.074 0 206-1036-0zPRGM 1 0.074 0
203-6016 BEND 3 0.285 0.007 206-1028-01PUNCH 2 0  0.0065 206-1036-02 PUNCH 2 0 0.004
203-6016 PLATE 4 0.02 0.02 206-1028-0IMISC 3 0.124 0.00600¢ 206-1036-02MISC 3 0.124 0.00343¢
203-6016-FP PRGM 1 0.074 0 206-1028-01DM 4 0.075 0.004 206-1036-0zDM 4 0.075 0.006
203-6016-FP PUNCH 2 0 0.004 206-1028-0BEND 5 0.085 0.00353: 206-1036-0zPLATE 5 0 0.0037t
203-6098 LATHE 1 0.8 0.109 206-1028-01PLATE 6 0 0.00362! 206-1038 PRGM 1 0.074 0
203-6098 PLATE 2 0.02 0.009 206-1028-0]ASSY 7 0.07 0.00428: 206-1038 PUNCH 2 0 0.002
206-1004 CABLES 1 0 0.0129 206-1030 PRGM 1 0.074 0 206-1038 MISC 3 0.124 0.00156¢
206-1010-01 PRGM 1 0.074 0 206-1030 PUNCH 2 0 0.004 206-1038 DM 4 0.075 0.00293¢
206-1010-01 PUNCH 2 0 0.004 206-1030 MISC 3 0.124 0.003684 206-1038 PLATE 5 0 0.00187¢%
206-1010-01 MISC 3 0.124 0.003184 206-1030 DM 4 0.075 0.009 206-1038-01PRGM 1 0.074 0
206-1010-01 DM 4 0.075 0.009 206-1030 PLATE 5 0 0.009 206-1038-01PUNCH 2 0 0.004
206-1010-01 PLATE 5 0 0.009 206-1030-0] PRGM 1 0.074 0 206-1038-01MISC 3 0.124 0.00343¢
206-1012-01 PRGM 1 0.074 0 206-1030-0] PUNCH 2 0  0.003§ 206-1038-01DM 4 0.075 0.006
206-1012-01 PUNCH 2 0 0.004 206-1030-01MISC 3 0.124 0.006184 206-1038-01PLATE 5 0 0.006
206-1012-01 MISC 3 0.124 0.004684 206-1030-01DM 4 0.075 0.009 206-1040 PRGM 1 0.074 0
206-1012-01 DM 4 0.075 0.009 206-1030-01 PLATE 5 0 0.009 206-1040 PUNCH 2 0 0.001
206-1012-01 PLATE 5 0.02 0.00494 206-1030-02 PRGM 1 0.074 0 206-1040 MISC 3 0.124 0.00083¢
206-1012-01 ASSY 6 0.07 0.003301 206-1030-0z PUNCH 2 0  0.003§ 206-1040 DM 4 0.075 0.00145Z
206-1014 PRGM 1 0.074 0 206-1030-0z MISC 3 0.124 0.00400¢ 206-1040 PLATE 5 0  0.001%
206-1014 PUNCH 2 0 0.00637' 206-1030-0z DM 4 0.075 0.004 206-1041-0zPRGM 1 0.074 0
206-1014 MISC 3 0.124 0.00400¢ 206-1030-0z PLATE 5 0 0.009 206-1041-02 PUNCH 2 0 0.005
206-1014 DM 4 0.075 0.009 206-1030. 1 0.074 0 206-1041-02MISC 3 0.124 0.004631
206-1014 PLATE 5 0 0.009 206-1030. 2 0 0.002 206-1041-02DM 4 0.075 0.00€
206-1016 PRGM 1 0.074 0 206-1030. 3 0.124 0.002847% 206-1041-0z2BEND 5 0.085 0.00335¢
206-1016 PUNCH 2 0 0.00637' 206-1030. 4 0.075 0.00293¢ 206-1041-0zPLATE 6 0 0.006
206-1016 MISC 3 0.124 0.00400¢ 206-1030-0: PLATE 5 0 0.003 206-1042 PRGM 1 0.074 0
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206-1042
206-1042
206-1042
206-1042
206-1042
206-1044
206-1044
206-1044
206-1044
206-1044
206-1044
206-1044
206-1150
206-3024
206-3024
206-3024
206-3024
206-3024
206-4060
206-4060
206-8009
206-8009
206-8012
206-8012
206-8012
206-8012
206-8012
206-8012
206-8012
206-8012
206-8016
206-8016
206-8016
206-8016
206-8016
206-8016
206-8016
206-8016-01
206-8016-01
206-8016-01
206-8016-01
206-8016-01
206-8016-01
206-8016-01
206-8018
206-8018
206-8018
206-8018
206-8018
206-8018
206-8018
206-8018-01
206-8018-01
206-8018-01
206-8018-01
206-8018-01
206-8018-01
206-8018-01
206-8022
206-8022
206-8022
206-8022
206-8022
206-8022
206-8022
206-8022
206-8022-01
206-8022-01
206-8022-01
206-8022-01

PUNCH
MISC
DM
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PARTS
PRGM
PUNCH
MISC
DM
PLATE
PARTS
ATST
PARTS
PASH
PRGM
PUNCH
MISC
DM
BEND
PLATE
PAINT
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PAINT
ASSY
PRGM
PUNCH
MISC
DM

2
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0
0.32
0.075
0
0.07
0.074
0
0.124
0.075
0.085
0
0.07
1
0.074

0.124
0.075

0.004
0.005184
0.004
0.004
0.00582!
0
0.004
0.005684
0.004
0.00335!
0.004
0.00488!
0
0
0.02
0.007
0.007
0.004
0
0.0125
0
0.1875
0
0.034
0.05]
0.004
0.015864
0.04119
0.03045!
0.039
0
0.03374
0.03
0.004
0.03§
0.05319
0.02
0
0.0435
0.03
0.004
0.02780:
0.05319
0.0451.3f
0
0.05175
0.02065:
0.004
0.03174;
0.03209
0.038924
0
0.05175
0.02065:
0.004
0.02924;
0.03209:
0.03763f
0]
0.014
0.020652
0.006
0.021
0.02
0.024205
0.01
0
0.014
0.01
0.006

206-8022-01BEND 5 0.333
206-8022-01PLATE 6 0.02
206-8022-0JASSY 7 0.17
206-8024 PRGM 1 0.074
206-8024 PUNCH 2 0
206-8024 MISC 3 0.32
206-8024 DM 4 0.075
206-8024 BEND 5 0.428
206-8024 PLATE 6 0.02
206-8024 ASSY 7 0.17
206-8026 PRGM 1 0.074
206-8026 PUNCH 2 0
206-8026 MISC 3 0.32
206-8026 DM 4 0.075
206-8026 BEND 5 0.428
206-8026 PLATE 6 0.02
206-8026 ASSY 7 0.17
206-8027 PRGM 1 0.074
206-8027 PUNCH 2 0
206-8027 MISC 3 0.32
206-8027 DM 4 0.075
206-8027 PLATE 5 0.02
206-8027-01PRGM 1 0.074
206-8027-01PUNCH 2 0
206-8027-0IMISC 3 0.32
206-8027-01DM 4 0.075
206-8027-01PLATE 5 0.02
206-8028 PRGM 1 0.074
206-8028 PUNCH 2 0
206-8028 MISC 3 0.32
206-8028 DM 4 0.075
206-8028 BEND 5 0.285
206-8028 PLATE 6 0.02
206-8030 PRGM 1 0.074
206-8030 PUNCH 2 0
206-8030 MISC 3 0.32
206-8030 DM 4 0.075
206-8030 BEND 5 0.285
206-8030 PLATE 6 0.02
206-8032 PRGM 1 0.074
206-8032 PUNCH 2 0
206-8032 MISC 3 0.32
206-8032 DM 4 0.075
206-8032 BEND 5 0.428
206-8032 PLATE 6 0.02
206-8032 ASSY 7 0.17
206-8036 PRGM 1 0.074
206-8036 PUNCH 2 0
206-8036 MISC 3 0.124
206-8036 PLATE 4 0.02
206-8040 PRGM 1 0.074
206-8040 PUNCH 2 0
206-8040 MISC 3 0.32
206-8040 DM 4 0.075
206-8040 BEND 5 0.38
206-8040 PLATE 6 0.02
206-8040 ASSY 7 0.17
206-8041 PRGM 1 0.074
206-8041 PUNCH 2 0
206-8041 MISC 3 0.32
206-8041 DM 4 0.075
206-8041 PLATE 5 0.02
206-8042 PRGM 1 0.074
206-8042 PUNCH 2 0
206-8042 MISC 3 0.32
206-8042 DM 4 0.075
206-8042 BEND 5 0.333
206-8042 PLATE 6 0.02
206-8042 ASSY 7 0.17
206-8043 PRGM 1 0.074
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206-8043 PUNCH 2 0 0.028
206-8043 MISC 3 0.32 0.018
206-8043 DM 4 0.075 0.006
206-8043 ' BEND 5 0.428 0.08
206-8043 PLATE 6 0.02 0.031
206-8043 ASSY 7 0.17 0.015
206-8044 PRGM 1 0.074 0
206-8044 PUNCH 2 0 0.054
206-8044 MISC 3 0.32 0.02
206-8044 DM 4 0.075 0.006
206-8044 BEND 5 0.285 0.024
206-8044 PLATE 6 0.02 0.03219i
206-8044 ASSY 7 0.17 0.034
206-8045 PRGM 1 0.074 0
206-8045 PUNCH 2 0 0.015
206-8045 MISC 3 0.32 0.018
206-8045 DM 4 0.075 0.006
206-8045 BEND 5 0.38 0.01924:
206-8045 PLATE 6 0.02 0.02
206-8046 PRGM 1 0.074 0
206-8046  PUNCH 2 0 0.021
206-8046 MISC 3 0.32 0.024
206-8046 DM 4 0.075 0.006
206-8046  BEND 5 0.285 0.007
206-8046 PLATE 6 0.02 0.022
206-8047 PRGM 1 0.074 0
206-8047 PUNCH 2 0 0.023
206-8047 MISC 3 0.32 0.02065:
206-8047 DM 4 0.075 0.006
206-8047 BEND 5 0.428 0.01851¢
206-8047 PLATE 6 0.02 0.024
206-8047 ASSY 7 0.17 0.024
206-8049 PRGM 1 0.074 0
206-8049 PUNCH 2 0 0.034
206-8049 MISC 3 0.32 0.051
206-8049 DM 4 0.075 0.006
206-8049 BEND 5 0.333 0.014
206-8049 PLATE 6 0.02 0.03¢
206-8049-0zPRGM 1 0.074 0
206-8049-02PUNCH 2 0 0.01¢
206-8049-0zMISC 3 0.32 0.01
206-8049-02DM 4 0.075 0.006
206-8049-02BEND 5 0.333 0.035
206-8049-02PLATE 6 0.02 0.02
206-8050 PRGM 1 0.074 0
206-8050 PUNCH 2 0 0.023
206-8050 MISC 3 0.32 0.02065:
206-8050 DM 4 0.075 0.006
206-8050 BEND 5 0.428 0.04351%
206-8050 PLATE 6 0.02 0.025
206-8050 ASSY 7 0.17 0.044
206-8051 PRGM 1 0.074 0
206-8051 PUNCH 2 0 0.007
206-8051 MISC 3 0.32 0.024
206-8051 DM 4 0.075 0.006
206-8051 BEND 5 0.285 0.012841
206-8051 PLATE 6 0.02 0.02
206-8052 PRGM 1 0.074 0
206-8052 PUNCH 2 0 0.043
206-8052 MISC 3 0.32 0.024
206-8052 DM 4 0.075 0.006
206-8052 BEND 5 0.475 0.075
206-8052 PLATE 6 0.02 0.053
206-8052 ASSY 7 0.17 0.088
206-8055 PRGM 1 0.074 0
206-8055 PUNCH 2 0 0.011
206-8055 MISC 3 0.32 0.051
206-8055 DM 4 0.075 0.006
206-8055 PLATE 5 0.02 0.02
206-8056 PRGM 1 0.074 0
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206-8056
206-8056
206-8056
206-8056
206-8056
206-8056
206-8056
206-8057
206-8057
206-8057
206-8057
206-8057
206-8057
206-8057
206-8058
206-8058
206-8058
206-8058
206-8058
206-8058
206-8058
206-8059
206-8059
206-8059
206-8059
206-8059
206-8063
206-8063
206-8063
206-8063
206-8063
206-8063
206-8064
206-8064
206-8064
206-8064
206-8064
206-8064
206-8064
206-8064
206-8065
206-8065
206-8065
206-8065
206-8065
206-8065
206-8065
206-8066
206-8066
206-8066
206-8066
206-8066
206-8066
206-8066
206-8066-01
206-8066-01
206-8066-01
206-8066-01
206-8066-01
206-8066-01
206-8066-01
206-8070
206-8070
206-8070
206-8070
206-8070
206-8070
206-8070
206-8072
206-8072
206-8072
206-8072
206-8072
206-8072
206-8072
206-8074
206-8074
206-8074
206-8074
206-8074

PUNCH
MISC
DM
BEND
PLATE
ASSY
DRILL
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
PLATE
PRGM
PUNCH
MISC
DM
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PAINT
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
PLATE

2

3
4
5
6
7
8
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5

0
0.32

0.075
0.285

0.02
0.17
0.094
0.074
0
0.32

0.075

0.333
0.02
0.17

0.074

0
0.32

0.075

0.285
0.02
0.17

0.074

0.32

0.075

0.02
0.074

0.32
0.075
0.02
0.17
0.074

0.32

0.075

0.523
0.02
0.288
0.17
0.074

0.32

0.075

0.618
0.02
0.17

0.074

0.32
0.075
0.333

0.02

0.17
0.074

0.32

0.075

0.333
0.02
0.17

0.074

0.32

0.075

0.523
0.02
0.17

0.074

0.32
0.075
0.428

0.02

0.17
0.074

0.32

0.075

0.02

0.007
0.024
0.004
0.042
0.02
0.02
0.007
0
0.007
0.01§
0.004
0.042
0.02
0.01
0
0.054
0.024
0.00q
0.022
0.032197
0.036424
0
0.004
0.01§
0.004
0.02
0
0.009
0.01§
0.004
0.02
0.01
0
0.14§
0.1
0.004
0.12
0.18§
0.12q
0.044
0
0.031
0.02134¢
0.004
0.01811!
0.03811!
0.02
0
0.009
0.017
0.00q
0.03§
0.02
0.01
0
0.019
0.021397
0.004
0.04
0.02
0.03932
0
0.009
0.03
0.004
0.042
0.02
0.02
0
0.034
0.014
0.00q
0.02151!
0.041
0.039
0
0.031
0.01§
0.004

0.034

206-8075 PRGM
206-8075 PUNCH
206-8075 MISC
206-8075 DM
206-8075 BEND
206-8075 |PLATE
206-8079 PRGM
206-8079 PUNCH
206-8079 MISC
206-8079 DM
206-8079 PLATE
206-8079 PSASSY
206-8086 PSASSY
206-8086 PAINT
206-8086 MISC
206-8087 PRGM
206-8087 |PUNCH
206-8087 |MISC
206-8087 DM
206-8087 BEND
206-8087 PLATE
206-8087 PSASSY
206-8088 PRGM
206-8088 PUNCH
206-8088 MISC
206-8088 DM
206-8088 BEND
206-8088 |PLATE
206-8089 PRGM
206-8089 PUNCH
206-8089 MISC
206-8089 DM
206-8089 BEND
206-8089 PLATE
206-8089 ASSY
206-8090 PRGM
206-8090 PUNCH
206-8090 MISC
206-8090 DM
206-8090 | BEND
206-8090 PLATE
206-8090 PAINT
206-8090 PSASSY
206-8092 PRGM
206-8092 PUNCH
206-8092 MISC
206-8092 DM
206-8092 PLATE
206-8092 PAINT
206-8092 |ASSY
206-8093 PRGM
206-8093 PUNCH
206-8093 MISC
206-8093 DM
206-8093 BEND
206-8093 PLATE
206-8093 PAINT
206-8094 PRGM
206-8094 PUNCH
206-8094 MISC
206-8094 DM
206-8094 | PLATE
206-8094 SILKSC
206-8094-01PRGM
206-8094-01PUNCH
206-8094-01MISC
206-8094-01DM
206-8094-01PLATE
206-8094-01SILKSC
206-8096 PRGM
206-8096 PUNCH
206-8096 | MISC
206-8096 DM
206-8096 | BEND
206-8096 PLATE
206-8097 PRGM
206-8097 PUNCH
206-8097 MISC
206-8097 DM
206-8097 PLATE

[
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206-8097 ASSY 6 0.17 0.024

206-8098 PRGM 1 0.074 0
206-8098 PUNCH 2 0 0.037
206-8098 MISC 3 0.32 0.024
206-8098 DM 4 0.075 0.004
206-8098 | BEND 5 0.618 0.085
206-8098 PLATE 6 0.02 0.034
206-8098 ASSY 7 0.17 0.03¢
206-8099 PRGM 1 0.074 0]
206-8099 PUNCH 2 0 0.0
206-8099 MISC 3 0.32 0.024
206-8099 DM 4 0.075 0.004
206-8099 BEND 5 0.333 0.037
206-8099 PLATE 6 0.02 0.02
206-8099 ASSY 7 0.17 0.029
206-8209-01PARTS 1 0 0]
206-8209-01PASH 2 0 0.2
206-8216-02PRGM 1 0.074 0
206-8216-02 PUNCH 2 0 0.03§
206-8216-0-MISC 3 0.124 0.05]
206-8216-02DM 4 0.075 0.004
206-8216-02BEND 5 0.475 0.02012
206-8216-02PLATE 6 0.02 0.034
206-8216-0:ASSY 7 0.17 0.02
206-8216-0: PRGM 1 0.074 0
206-8216-0: PUNCH 2 0 0.034
206-8216-0:MISC 3 0.124 0.051
206-8216-0:DM 4 0.075 0.03
206-8216-0BEND 5 0.475 0.02312
206-8216-0:PLATE 6 0.02 0.03¢
206-8216-0:ASSY 7 0.17  0.04224
206-8222 PRGM 1 0.074 0
206-8222 PUNCH 2 0 0.02
206-8222 MISC 3 0.124 0.05]
206-8222 DM 4 0.075 0.004
206-8222 BEND 5 0.38 0.034
206-8222 PLATE 6 0.02 0.05
206-8222  PAINT 7 0.288 0.034
206-8222 |ASSY 8 0.17 0.02
206-8222-01PRGM 1 0.074 0
206-8222-01PUNCH 2 0 0.02
206-8222-01MISC 3 0.122 0.05]
206-8222-01DM 4 0.075 0.004
206-8222-01BEND 5 0.333 0.04
206-8222-01PLATE 6 0.02 0.021
206-8222-01ASSY 7 0.17 0.03
206-8230 PRGM 1 0.074 0
206-8230 PUNCH 2 0 0.041
206-8230 MISC 3 0.124 0.034
206-8230 DM 4 0.075 0.004
206-8230 | BEND 5 0.285 0.005
206-8230 PLATE 6 0.02 0.044
206-8232-01PRGM 1 0.074 0
206-8232-01PUNCH 2 0 0.024
206-8232-01MISC 3 0.124 0.03
206-8232-01DM 4 0.075 0.004
206-8232-01BEND 5 0.428 0.02286
206-8232-01PLATE 6 0.02 0.024
206-8232-01ASSY 7 0.17 0.01
206-8234 PRGM 1 0.074 0
206-8234 | PUNCH 2 0 0.004
206-8234 MISC 3 0.124 0.024
206-8234 DM 4 0.075 0.00q
206-8234 BEND 5 0.285 0.0272
206-8234 PLATE 6 0.02 0.02
206-8236 PRGM 1 0.074 0
206-8236 PUNCH 2 0 0.004
206-8236 MISC 3 0.124 0.02
206-8236 DM 4 0.075 0.004
206-8236 BEND 5 0.333 0.03
206-8236 PLATE 6 0.02 0.02
206-8236 |ASSY 7 0.17 0.01
206-8242-01PRGM 1 0.074 0
206-8242-01PUNCH 2 0 0.041
206-8242-01MISC 3 0.32 0.05]
206-8242-01DM 4 0.075 0.004
206-8242-01BEND 5 0.333 0.014
206-8242-01PLATE 6 0.02 0.04966
206-8242-01ASSY 7 0.17 0.054
206-8244-01PRGM 1 0.074 0]
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206-8244-01
206-8244-01
206-8244-01
206-8244-01
206-8244-01
206-8244-01
206-8245
206-8245
206-8245
206-8245
206-8245
206-8245
206-8247
206-8247
206-8247
206-8247
206-8247
206-8247
206-8250
206-8250
206-8250
206-8250
206-8250
206-8250
206-8250
206-8251
206-8251
206-8251
206-8251
206-8251
206-8251
206-8252
206-8252
206-8252
206-8252
206-8252
206-8252
206-8252
206-8254-01
206-8254-01
206-8254-01
206-8254-01
206-8254-01
206-8254-01
206-8257
206-8257
206-8257
206-8257
206-8257
206-8257
206-8257
206-8258
206-8258
206-8258
206-8258
206-8258
206-8258
206-8258
206-8263
206-8263
206-8263
206-8263
206-8263
206-8263
206-8263-01
206-8263-01
206-8263-01
206-8263-01
206-8263-01
206-8263-01
206-8264-01
206-8264-01
206-8264-01
206-8264-01
206-8264-01
206-8264-01
206-8264-01
206-8264-01
206-8265-01
206-8265-01

PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PAINT
PSASSY
PRGM
PUNCH

2

3
4
5
6
7
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
7
8
1
2

0
0.32

0.075
0.285

0.02
0.17
0.074
0
0.124

0.075

0.38
0.02
0.074
0
0.124

0.075

0.333
0.02
0.074
0
0.124

0.075

0.38
0.02
0.17
0.074
0
0.124
0.075
0.285
0.02
0.074
0
0.32

0.075

0.428
0.02
0.17

0.074

0
0.32

0.075

0.333
0.02
0.074
0
0.124

0.075

0.38
0.02
0.17
0.074
0
0.124

0.075
0.285

0.02
0.17
0.074
0
0.124
0.075
0.428
0.02
0.074
0
0.124

0.075
0.285

0.02
0.074
0
0.124
0.075
0.428
0.02
0.288
0
0.074
0

0.044
0.051
0.004
0.007
0.053661
0.049
0
0.012
0.022
0.004
0.04
0.01)
0
0.033
0.051
0.004
0.03
0.037
0
0.004
0.051
0.004
0.03
0.02
0.029161
0
0.014
0.017
0.00q
0.01262!
0.02

0.09
0.051
0.004
0.02§
0.073
0.099

0.01§
0.051
0.004
0.014

0.02

0.014
0.014
0.004

0.012
0
0.004
0.04
0.004
0.02
0.012
0
0.229
0.1
0.004
0.1§
0.289
0.22
0.2
0

0.02829

ComponentWorkStation Operation Setup Time Run Timd
206-8265-0IMISC b
206-8265-01DM
206-8265-01BEND
206-8265-01PLATE
206-8265-01ASSY
206-8270 PRGM
206-8270 PUNCH
206-8270 MISC
206-8270 DM
206-8270 BEND
206-8270 PLATE
206-8270 ASSY
206-8272 PRGM
206-8272 PUNCH
206-8272 MISC
206-8272 DM
206-8272 BEND
206-8272 PLATE
206-8272 ASSY
206-8274 PRGM
206-8274 PUNCH
206-8274 MISC
206-8274 DM
206-8274 BEND
206-8274 PLATE
206-8274 ASSY
206-8275 PRGM
206-8275 PUNCH
206-8275 MISC
206-8275 | DRILL
206-8275 DM
206-8275 BEND
206-8275 PLATE
206-8275 ASSY
206-8276 PRGM
206-8276 PUNCH
206-8276 MISC
206-8276 DM
206-8276 PLATE
206-8276 ASSY
206-8276-01PRGM
206-8276-0JPUNCH
206-8276-0IMISC
206-8276-01DM
206-8276-01PLATE
206-8276-01ASSY
206-8276-0zPRGM
206-8276-0zPUNCH
206-8276-0zMISC
206-8276-02DM
206-8276-0zPLATE
206-8277 PRGM
206-8277 PUNCH
206-8277 MISC
206-8277 DM
206-8277 PLATE
206-8278 PRGM
206-8278 PUNCH
206-8278 MISC
206-8278 DM
206-8278 BEND
206-8278 PLATE
206-8278 ASSY
206-8281 PRGM
206-8281 PUNCH
206-8281 MISC
206-8281 DM
206-8281 BEND
206-8281 PLATE
206-8281-01PRGM
206-8281-01PUNCH
206-8281-01MISC
206-8281-01DM
206-8281-01BEND
206-8281-01PLATE
206-8282 PSASSY
206-8282 | PAINT
206-8282 MISC
206-8283 PRGM
206-8283 PUNCH

w
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206-8283 MISC 3 0.124 0.02435,
206-8283 DM 4 0.075 0.004
206-8283 BEND 5 0.332 0.01537
206-8283 PLATE 6 0.02 0.024
206-8283 ASSY 7 0.17 0.02
206-8284 PRGM 1 0.074 0)
206-8284 | PUNCH 2 0 0.01§
206-8284 MISC 3 0.124 0.02435
206-8284 DM 4 0.075 0.004
206-8284 BEND 5 0.332 0.01391
206-8284 PLATE 6 0.02 0.02
206-8287 PRGM 1 0.074 0]
206-8287 PUNCH 2 0 0.004
206-8287 MISC 3 0.124 0.01§
206-8287 DM 4 0.075 0.004
206-8287 PLATE 5 0.02 0.0
206-8287 PSASSY 6 0 0.02
206-8290 PRGM 1 0.074 0
206-8290 PUNCH 2 0 0.05§
206-8290 MISC 3 0.124 0.05]
206-8290 DM 4 0.075 0.02
206-8290 BEND 5 0.285 0.0§
206-8290 PLATE 6 0.02 0.163
206-8290 PAINT 7 0.288 0.174
206-8290 ASSY 8 0.17 0.19
206-8292 PRGM 1 0.074 0]
206-8292 PUNCH 2 0 0.084
206-8292 | MISC 3 0.32 0.057
206-8292 DM 4 0.075 0.00§
206-8292 | PLATE 5 0.02 0.08
206-8292  PAINT 6 0.288 0.154
206-8292 ASSY 7 0.17 0.3
206-8296 PRGM 1 0.074 0
206-8296 PUNCH 2 0 0.02
206-8296 MISC 3 0.124 0.024
206-8296 DM 4 0.075 0.004
206-8296 PLATE 5 0.02 0.02
206-8296 SILKSC 6 0.933 0.06
206-8296-01PRGM 1 0.074 0
206-8296-01PUNCH 2 0 0.02
206-8296-01MISC 3 0.124 0.04
206-8296-01DM 4 0.075 0.004
206-8296-01PLATE 5 0.02 0.02
206-8296-01SILKSC 6 0.933 0.09
206-8409 PARTS 1 0 0
206-8409 PASH 2 0 0.5
206-8410 PRGM 1 0.074 0
206-8410 PUNCH 2 0 0.031
206-8410 MISC 3 0.124 0.051
206-8410 DM 4 0.075 0.004
206-8410 | BEND 5 0.57 0.015864
206-8410 PLATE 6 0.02 0.03669
206-8410 PAINT 7 0.288 0.02970!
206-8410 PSASSY 8 0 0.017
206-8410-01PRGM 1 0.074 0
206-8410-01PUNCH 2 0 0.062
206-8410-01MISC 3 0.124 0.051
206-8410-01DM 4 0.075 0.004
206-8410-01BEND 5 0.57 0.049
206-8410-01PLATE 6 0.02 0.074
206-8410-01PAINT 7 0.288  0.0645
206-8410-01PSASSY 8 0 0.017
206-8412 PRGM 1 0.074 0
206-8412 PUNCH 2 0 0.031
206-8412 MISC 3 0.124 0.05]
206-8412 DM 4 0.075 0.004
206-8412 BEND 5 0.57 0.015864
206-8412 PLATE 6 0.02 0.03669
206-8412  PAINT 7 0.288 0.02970!
206-8412-01PRGM 1 0.074 0
206-8412-01PUNCH 2 0 0.031
206-8412-01MISC 3 0.124 0.053
206-8412-01DM 4 0.075 0.00q
206-8412-01BEND 5 0.57 0.015864
206-8412-01PLATE 6 0.02 0.03669
206-8412-01PAINT 7 0.288 0.02970!
206-8414 PRGM 1 0.074 0
206-8414 PUNCH 2 0 0.042
206-8414 MISC 3 0.32 0.051
206-8414 DM 4 0.075 0.004



Component WorkStation Operation Setup Time Run Timg ComponentWorkStation Operation Setup Time Run Timg ComponentWorkStation Operation Setup Time Run Time
206-8414 BEND 5 0.475 0.034 206-8422 PRGM 1 0.074 0| 206-8438 MISC 3 0.16 0.00179
206-8414 PLATE 6 0.02 0.049 206-8422 PUNCH 2 0 0.034 206-8438 PLATE 4 0.02 0.00247:
206-8414-01 PRGM 1 0.074 0| 206-8422 MISC 3 0.32 0.05] 206-8440 PRGM 1 0.074 0|
206-8414-01 PUNCH 2 0 0.047 206-8422 DM 4 0.075 0.004 206-8440 PUNCH 2 0 0.017
206-8414-01 MISC 3 0.32 0.05] 206-8422 BEND 5 0.38 0.021 206-8440 MISC 3 0.124 0.05]
206-8414-01 DM 4 0.075 0.004 206-8422 PLATE 6 0.02 0.041 206-8440 DM 4 0.075 0.006
206-8414-01 | BEND 5 0.523 0.042 206-8422  PAINT 7 0.288  0.0585 206-8440 BEND 5 0.38 0.021
206-8414-01 | PLATE 6 0.02 0.0§ 206-8422 ASSY 8 0.17 0.02 206-8440 PLATE 6 0.02 0.02
206-8414-01 | PAINT 7 0.288 0.134 206-8422-01PRGM 1 0.074 0| 206-8440 ASSY 7 0.17 0.009
206-8414-01 ASSY 8 0.17 0.074 206-8422-01PUNCH 2 0 0.034 206-8440-01PRGM 1 0.074 0|
206-8415 PRGM 1 0.074 0| 206-8422-0IMISC 3 0.32 0.05] 206-8440-0JPUNCH 2 0 0.017
206-8415 PUNCH 2 0 0.004 206-8422-01DM 4 0.075 0.004 206-8440-0IMISC 3 0.32 0.05]
206-8415 MISC 3 0.124 0.027 206-8422-01BEND 5 0.333 0.014 206-8440-01DM 4 0.075 0.00q
206-8415 DM 4 0.075 0.004 206-8422-01PLATE 6 0.02 0.041 206-8440-01BEND 5 0.333 0.014
206-8415 PLATE 5 0.02 0.017 206-8422-01ASSY 7 0.17 0.02 206-8440-01PLATE 6 0.02 0.02
206-8415-01 PRGM 1 0.074 o) 206-8424 PRGM 1 0.074 0| 206-8440-01ASSY 7 0.17 0.009
206-8415-01  PUNCH 2 0 0.004 206-8424 PUNCH 2 0 0.004 206-8442 PRGM 1 0.074 0|
206-8415-01 MISC 3 0.124 0.027 206-8424 MISC 3 0.124 0.00813 206-8442 PUNCH 2 0 0.077
206-8415-01 DM 4 0.075 0.004 206-8424 DM 4 0.075 0.004 206-8442 MISC 3 0.32 0.05]
206-8415-01 PLATE 5 0.02 0.017 206-8424 BEND 5 0.428 0.0078¢ 206-8442 DM 4 0.075 0.00q
206-8415-03 PRGM 1 0.074 0| 206-8424 PLATE 6 0.02  0.0089 206-8442 BEND 5 0.333 0.014
206-8415-03 PUNCH 2 0 0.004 206-8424 ASSY 7 0.17 0.00943: 206-8442 PLATE 6 0.02 0.089444
206-8415-03 MISC 3 0.124 0.027 206-8425 PRGM 1 0.074 0| 206-8442 ASSY 7 0.17 0.079
206-8415-03 DM 4 0.075 0.004 206-8425 PUNCH 2 0 0.01 206-8443 PRGM 1 0.074 0|
206-8415-03 | PLATE 5 0.02 0.017 206-8425 MISC 3 0.32 0.05] 206-8443 PUNCH 2 0 0.04
206-8415-04 PRGM 1 0.074 0| 206-8425 DM 4 0.075 0.004 206-8443 MISC 3 0.124 0.031
206-8415-04 PUNCH 2 0 0.004 206-8425 PLATE 5 0.02 0.02 206-8443 DM 4 0.075 0.006
206-8415-04 MISC 3 0.32 0.027 206-8426 PRGM 1 0.074 0] 206-8443 BEND 5 0.428 0.024
206-8415-04 DM 4 0.075 0.004 206-8426 PUNCH 2 0 0.047 206-8443 PLATE 6 0.02 0.047
206-8415-04 PLATE 5 0.02 0.017 206-8426 MISC 3 0.124 0.05] 206-8443 ASSY 7 0.17 0.015
206-8416 PRGM 1 0.074 0| 206-8426 DM 4 0.075 0.004 206-8443-01PRGM 1 0.074 0|
206-8416 PUNCH 2 0 0.05725% 206-8426 BEND 5 0.428  0.0243 206-8443-01PUNCH 2 0 0.04
206-8416 MISC 3 0.32 0.05] 206-8426 PLATE 6 0.02 0.04 206-8443-0IMISC 3 0.32 0.05]
206-8416 DM 4 0.075 0.004 206-8426 ASSY 7 0.17 0.02956: 206-8443-01DM 4 0.075 0.00q
206-8416 BEND 5 0.57 0.049 206-8428 PRGM 1 0.074 0| 206-8443-01BEND 5 0.428 0.029
206-8416 PLATE 6 0.02 0.071417 206-8428 PUNCH 2 0 0.004 206-8443-01PLATE 6 0.02 0.047
206-8416 ASSY 7 0.17 0.039 206-8428 MISC 3 0.124 0.00948 206-8443-01ASSY 7 0.17 0.015
206-8416-01 PRGM 1 0.074 o) 206-8428 DM 4 0.075 0.004 206-8444 PRGM 1 0.074 0|
206-8416-01 | PUNCH 2 0 0.11% 206-8428 BEND 5 0.285 0.00631. 206-8444 PUNCH 2 0 0.077
206-8416-01  MISC 3 0.32 0.051 206-8428 PLATE 6 0.02 0.017 206-8444 MISC 3 0.32 0.051
206-8416-01 DM 4 0.075 0.004 206-8430 PRGM 1 0.074 0| 206-8444 DM 4 0.075 0.00q
206-8416-01 | BEND 5 0.475 0.034 206-8430 PUNCH 2 0 0.077 206-8444 BEND 5 0.285 0.007
206-8416-01 PLATE 6 0.02 0.069417 206-8430 MISC 3 0.32 0.05] 206-8444 PLATE 6 0.02 0.096444
206-8416-01 ASSY 7 0.17 0.09827: 206-8430 DM 4 0.075 0.004 206-8444 ASSY 7 0.17 0.099
206-8418 PRGM 1 0.074 0| 206-8430 BEND 5 0.428 0.029 206-8445 PRGM 1 0.074 0|
206-8418 PUNCH 2 0 0.05325 206-8430 PLATE 6 0.02 0.087 206-8445 PUNCH 2 0 0.01
206-8418 MISC 3 0.32 0.05] 206-8430 ASSY 7 0.17 0.01 206-8445 MISC 3 0.32 0.05]
206-8418 DRILL 4 0.094 0.01§ 206-8430-01PRGM 1 0.074 0| 206-8445 DM 4 0.075 0.006
206-8418 DM 5 0.075 0.004 206-8430-01PUNCH 2 0 0.077 206-8445 BEND 5 0.38 0.021
206-8418 BEND 6 0.38 0.021 206-8430-01MISC 3 0.32 0.051 206-8445 PLATE 6 0.02 0.02
206-8418 PLATE 7 0.02 0.03304% 206-8430-01DM 4 0.075 0.004 206-8446 PRGM 1 0.074 0|
206-8418 ASSY 8 0.17 0.039 206-8430-01BEND 5 0.428 0.029 206-8446 PUNCH 2 0 0.034
206-8418-01 PRGM 1 0.074 0| 206-8430-01PLATE 6 0.02 0.087 206-8446 MISC 3 0.124 0.05]
206-8418-01 PUNCH 2 0 0.1065 206-8430-0JASSY 7 0.17 0.01 206-8446 DM 4 0.075 0.00q
206-8418-01 MISC 3 0.32 0.05] 206-8432 PRGM 1 0.074 0| 206-8446 BEND 5 0.333 0.049
206-8418-01 DRILL 4 0.094 0.015 206-8432 PUNCH 2 0 0.043 206-8446 PLATE 6 0.02 0.04116
206-8418-01 DM 5 0.075 0.004 206-8432 MISC 3 0.32 0.02105¢ 206-8447 PRGM 1 0.074 0|
206-8418-01 | BEND 6 0.38 0.021 206-8432 DM 4 0.075 0.004 206-8447 PUNCH 2 0 0.059
206-8418-01 PLATE 7 0.02 0.066417 206-8432 BEND 5 0.428 0.029 206-8447 MISC 3 0.32 0.05]
206-8418-01 ASSY 8 0.17 0.039 206-8432 PLATE 6 0.02 0.051 206-8447 DM 4 0.075 0.004
206-8418-03 PRGM 1 0.074 0 206-8434 PRGM 1 0.074 0 206-8447 BEND 5 0.333 0.014
206-8418-03 PUNCH 2 0  0.057§ 206-8434 PUNCH 2 0 0.064 206-8447 PLATE 6 0.02 0.069
206-8418-03 MISC 3 0.124 0.04043 206-8434 MISC 3 0.32 0.05] 206-8448 PRGM 1 0.074 0|
206-8418-03 DM 4 0.075 0.04 206-8434 DM 4 0.075 0.004 206-8448 PUNCH 2 0 0.062
206-8418-03 | BEND 5 0.38 0.02] 206-8434 BEND 5 0.38 0.021 206-8448 MISC 3 0.32 0.05]
206-8418-03 | PLATE 6 0.02 0.03304% 206-8434 PLATE 6 0.02 0.083 206-8448 DM 4 0.075 0.00q
206-8418-03 |ASSY 7 0.17 0.032167 206-8434 ASSY 7 0.17 0.029 206-8448 BEND 5 0.333 0.014
206-8420 PRGM 1 0.074 0| 206-8434-01PRGM 1 0.074 0| 206-8448 PLATE 6 0.02 0.074
206-8420 PUNCH 2 0 0.044 206-8434-01PUNCH 2 0 0.064 206-8448 ASSY 7 0.17 0.034
206-8420 MISC 3 0.32 0.05] 206-8434-0IMISC 3 0.32 0.05] 206-8449 PRGM 1 0.074 0|
206-8420 DM 4 0.075 0.004 206-8434-01DM 4 0.075 0.004 206-8449 PUNCH 2 0 0.006
206-8420 BEND 5 0.475 0.03§ 206-8434-01BEND 5 0.38 0.021 206-8449 MISC 3 0.124 0.024
206-8420 PLATE 6 0.02 0.05¢ 206-8434-01PLATE 6 0.02 0.083 206-8449 DM 4 0.075 0.00q
206-8420-01 PRGM 1 0.074 0| 206-8434-0JASSY 7 0.17 0.029 206-8449 BEND 5 0.285 0.007
206-8420-01 PUNCH 2 0 0.044 206-8436 PRGM 1 0.074 0| 206-8449 PLATE 6 0.02 0.02
206-8420-01 MISC 3 0.32 0.05] 206-8436 PUNCH 2 0 0.01 206-8450 PRGM 1 0.074 0|
206-8420-01 DM 4 0.075 0.004 206-8436 MISC 3 0.16 0.025 206-8450 PUNCH 2 0 0.02q
206-8420-01 | BEND 5 0.475 0.034 206-8436 PLATE 4 0.02 0.02 206-8450 MISC 3 0.32 0.05]
206-8420-01 | PLATE 6 0.02 0.05¢ 206-8438 PRGM 1 0.074 0| 206-8450 DM 4 0.075 0.006
206-8420-01 |ASSY 7 0.17 0.029 206-8438 PUNCH 2 0  0.0025 206-8450 BEND 5 0.38 0.021]
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ComponeniWorkStation Operation Setup TimeRun Time

206-8450
206-8450
206-8451
206-8451
206-8451
206-8451
206-8451
206-8451
206-8452
206-8452
206-8452
206-8452
206-8452
206-8452
206-8452
206-8452-01
206-8452-01
206-8452-01
206-8452-01
206-8452-01
206-8452-01
206-8452-01
206-8453
206-8453
206-8453
206-8453
206-8453
206-8453-01
206-8453-01
206-8453-01
206-8453-01
206-8453-01
206-8454
206-8454
206-8454
206-8454
206-8454
206-8454
206-8455
206-8455
206-8455
206-8455
206-8455
206-8455
206-8456
206-8456
206-8456
206-8456
206-8456
206-8456
206-8457
206-8457
206-8457
206-8457
206-8457
206-8457
206-8457
206-8458
206-8458
206-8458
206-8458
206-8458
206-8458
206-8458
206-8460
206-8460
206-8460
206-8460
206-8460
206-8460
206-8461
206-8461
206-8461
206-8461
206-8461
206-8461
206-8461
206-8462
206-8462
206-8462

PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
BEND
PLATE
PRGM
PUNCH
MISC
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC

6

7
1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
1
2
3
4
5
6
7
1
2
3

0.02
0.17
0.074
0
0.32
0.075
0.285
0.02
0.074
0
0.32

0.075

0.428
0.02
0.17

0.074

0
0.32

0.075

0.428
0.02
0.17

0.074

0

0.124

0.333
0.02

0.074

0.32
0.333
0.02
0.074

0.32
0.075
0.333

0.02
0.074

0.124

0.075

0.02
0.17
0.074

0.124
0.075
0.38
0.02
0.074

0.32

0.075

0.38
0.02
0.17
0.074

0.32

0.075
0.285

0.02
0.17
0.074

0.124
0.075

0.285

0.02
0.074

0.124

0.075
0.285

0.02
0.17
0.074

0.124

0.029
0.04927
0

0.014
0.02105f

0.00q

0.007

0.02
0
0.07
0.051
0.004
0.02§
0.084
0.01§
0
0.07
0.051
0.004
0.02§
0.084
0.01)
0
0.00§
0.05]
0.03
0.02
0
0.00§
0.034
0.014
0.02
0
0.02
0.051
0.00q
0.014
0.021
0
0.004
0.024
0.004
0.02
0.012
0
0.0084
0.0115

0.004
0.00906!
0.009924
0
0.033
0.051
0.004
0.021
0.037
0.054
0

0.077§

0.051

0.004

0.007
0.096444
0.05877
0

0.009

0.0070:

0.004

0.00897
0.009924
0
0.009
0.01§
0.004
0.024

0.02

0.02
0
0.004

0.03)

206-8462 DM
206-8462 BEND
206-8462 PLATE
206-8463 PRGM
206-8463 PUNCH
206-8463 | MISC
206-8463 DM
206-8463 BEND
206-8463 PLATE
206-8464 PRGM
206-8464 PUNCH
206-8464 MISC
206-8464 DM
206-8464 BEND
206-8464 PLATE
206-8464 | PAINT
206-8464 ASSY
206-8464-01PRGM
206-8464-01PUNCH
206-8464-01MISC
206-8464-01DM
206-8464-01BEND
206-8464-01PLATE
206-8464-01PAINT
206-8464-01PSASSY
206-8465 PRGM
206-8465 PUNCH
206-8465 MISC
206-8465 DM
206-8465 BEND
206-8465 PLATE
206-8465 PAINT
206-8465 ASSY
206-8465-01PRGM
206-8465-01PUNCH
206-8465-01MISC
206-8465-01DM
206-8465-01BEND
206-8465-01PLATE
206-8465-01ASSY
206-8466 PRGM
206-8466 PUNCH
206-8466 MISC
206-8466 DM
206-8466 BEND
206-8466 PLATE
206-8466-01PRGM
206-8466-01PUNCH
206-8466-01MISC
206-8466-01DM
206-8466-01BEND
206-8466-01PLATE
206-8467 PRGM
206-8467 PUNCH
206-8467 MISC
206-8467 DM
206-8467 | BEND
206-8467 PLATE
206-8468 PRGM
206-8468 PUNCH
206-8468 MISC
206-8468 DM
206-8468 BEND
206-8468 PLATE
206-8468 ASSY
206-8469 PRGM
206-8469 | PUNCH
206-8469 MISC
206-8469 DM
206-8469 BEND
206-8469 PLATE
206-8470 PRGM
206-8470 PUNCH
206-8470 MISC
206-8470 DM
206-8470 | BEND
206-8470 |PLATE
206-8470 ASSY
206-8472 PRGM
206-8472 PUNCH
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206-8472 MISC 3 0.32 0.05]
206-8472 DM 4 0.075 0.004
206-8472 BEND 5 0.428 0.024
206-8472 PLATE 6 0.02 0.083944
206-8472 ASSY 7 0.17 0.06877:
206-8473 | PRGM 1 0.074 0]
206-8473 PUNCH 2 0 0.004
206-8473 MISC 3 0.124 0.014
206-8473 DM 4 0.075 0.004
206-8473 BEND 5 0.38 0.02]
206-8473 PLATE 6 0.02 0.02
206-8473 ASSY 7 0.17 0.044
206-8474 PRGM 1 0.074 0
206-8474 PUNCH 2 0 0.091
206-8474 MISC 3 0.32 0.051
206-8474 DM 4 0.075 0.004
206-8474 | BEND 5 0.523 0.042
206-8474 PLATE 6 0.02 0.055944
206-8474 ASSY 7 0.17 0.064
206-8475 PRGM 1 0.074 0
206-8475 PUNCH 2 0 0.004
206-8475 MISC 3 0.32 0.051
206-8475 DRILL 4 0.094 0.007
206-8475 DM 5 0.075 0.004
206-8475 BEND 6 0.285 0.007
206-8475 |PLATE 7 0.02 0.02
206-8475 ASSY 8 0.17 0.01§
206-8476 PRGM 1 0.074 0
206-8476 PUNCH 2 0 0.093
206-8476 MISC 3 0.32 0.05]
206-8476 DM 4 0.075 0.004
206-8476 PLATE 5 0.02 0.114
206-8476-01PRGM 1 0.074 0
206-8476-01PUNCH 2 0 0.054
206-8476-01MISC 3 0.32 0.051
206-8476-01DM 4 0.075 0.006
206-8476-01PLATE 5 0.02 0.067
206-8476-01ASSY 6 0.17 0.02
206-8476-0:PRGM 1 0.074 0
206-8476-02PUNCH 2 0 0.04
206-8476-0-MISC 3 0.32 0.05]
206-8476-02DM 4 0.075 0.004
206-8476-02 PLATE 5 0.02 0.044
206-8477 PRGM 1 0.074 0]
206-8477 PUNCH 2 0 0.02
206-8477 MISC 3 0.32 0.053
206-8477 DM 4 0.075 0.00q
206-8477 BEND 5 0.428 0.024
206-8477 PLATE 6 0.02 0.02
206-8477 ASSY 7 0.17 0.02
206-8478 PRGM 1 0.074 0
206-8478 PUNCH 2 0 0.037
206-8478 MISC 3 0.32 0.051
206-8478 DM 4 0.075 0.004
206-8478 BEND 5 0.523 0.047
206-8478 | PLATE 6 0.02 0.047
206-8478 ASSY 7 0.17 0.064
206-8480 PRGM 1 0.074 0)
206-8480 PUNCH 2 0 0.004
206-8480 MISC 3 0.32 0.05]
206-8480 DM 4 0.075 0.004
206-8480 PLATE 5 0.02 0.02
206-8481 PRGM 1 0.074 0
206-8481 PUNCH 2 0 0.019
206-8481 MISC 3 0.32 0.051
206-8481 DM 4 0.075 0.004
206-8481 | BEND 5 0.428 0.02§
206-8481 PLATE 6 0.02 0.02
206-8482 PSASSY 1 0 0.29
206-8482 PAINT 2 0.275 0.12§
206-8482 MISC 3 0 0.033
206-8482-01PSASSY 1 0 0.25
206-8482-01PAINT 2 0.275 0.12§
206-8482-01MISC 3 0 0.033
206-8483 PRGM 1 0.074 0]
206-8483 | PUNCH 2 0 0.023
206-8483 | MISC 3 0.32 0.053
206-8483 DM 4 0.075 0.00q
206-8483 BEND 5 0.333 0.014
206-8483 PLATE 6 0.02 0.024
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206-8483 PAINT 7 0.288  0.0244 206-8493 PRGM 1 0.074 207-6114-01PUNCH 2 0 0.011
206-8483 ASSY 8 0.17 0.02 206-8493 PUNCH 2 0 207-6114-0IMISC 3 0.32 0.05]
206-8483-01 PRGM 1 0.074 0| 206-8493 MISC 3 0.124 207-6114-01DM 4 0.075 0.006
206-8483-01 PUNCH 2 0 0.027 206-8493 DM 4 0.075 207-6114-01PLATE 5 0.02 0.02
206-8483-01 MISC 3 0.32 0.02065% 206-8493 BEND 5 0.428 207-6115 PRGM 1 0.074 0|
206-8483-01 DM 4 0.075 0.004 206-8493 PLATE 6 0.02 207-6115 PUNCH 2 0 0.004
206-8483-01 | BEND 5 0.333 0.014 206-8493 PAINT 7 0.288 207-6115 MISC 3 0.32 0.051
206-8483-01 PLATE 6 0.02 0.024 206-8493-01PRGM 1 0.074 207-6115 DM 4 0.075 0.00q
206-8483-01 | PAINT 7 0.288 0.02520 206-8493-0JPUNCH 2 0 207-6115 BEND 5 0.333 0.014
206-8483-01 ASSY 8 0.17 0.02 206-8493-0IMISC 3 0.32 207-6115 PLATE 6 0.02 0.02
206-8484 PRGM 1 0.074 0| 206-8493-01DM 4 0.075 207-6115 ASSY 7 0.17 0.02
206-8484 PUNCH 2 0 0.02] 206-8493-01BEND 5 0.333 207-6116 MISC 1 0.32 0.05]
206-8484 MISC 3 0.32 0.05] 206-8493-01PLATE 6 0.02 207-6116 DM 2 0.075 0.00q
206-8484 DM 4 0.075 0.004 206-8493-01PAINT 7 0.288 207-6116 BEND 3 0.475 0.035
206-8484 BEND 5 0.333 0.014 206-8493-0zPRGM 1 0.074 207-6116 PLATE 4 0.02 0.087444
206-8484 PLATE 6 0.02 0.027 206-8493-0zPUNCH 2 0 207-6116 ASSY 5 0.17 0.049
206-8484 PAINT 7 0.288 0.0245% 206-8493-0zMISC 3 0.124 207-6117 PRGM 1 0.074 0
206-8484-01 PRGM 1 0.074 0 206-8493-02DM 4 0.075 207-6117 PUNCH 2 0 0.049
206-8484-01 PUNCH 2 0 0.02 206-8493-02BEND 5 0.428 207-6117 MISC 3 0.32 0.05]
206-8484-01 MISC 3 0.32 0.02065% 206-8493-0zPLATE 6 0.02 207-6117 DM 4 0.075 0.00q
206-8484-01 DM 4 0.075 0.004 206-8493-02 PAINT 7 0.288 207-6117 BEND 5 0.38 0.021
206-8484-01 | BEND 5 0.333 0.014 206-8496 PRGM 1 0.074 207-6117 PLATE 6 0.02 0.059
206-8484-01 | PLATE 6 0.02 0.021 206-8496 PUNCH 2 0 207-6117 ASSY 7 0.17 0.039
206-8484-01 | PAINT 7 0.288 0.02495 206-8496 MISC 3 0.32 207-6117-01PRGM 1 0.074 0|
206-8486 PRGM 1 0.074 0| 206-8496 DM 4 0.075 207-6117-01PUNCH 2 0 0.044
206-8486 PUNCH 2 0 0.004 206-8496 PLATE 5 0.02 207-6117-0IMISC 3 0.32 0.05]
206-8486 MISC 3 0.32 0.05] 206-8496 SILKSC 6 0.933 207-6117-01DM 4 0.075 0.006
206-8486 DM 4 0.075 0.00§ 206-8496-01PRGM 1 0.074 207-6117-01BEND 5 0.38 0.021
206-8486 PLATE 5 0.02 0.02 206-8496-01PUNCH 2 0 207-6117-01PLATE 6 0.02 0.051
206-8486-01 PRGM 1 0.074 0| 206-8496-0IMISC 3 0.32 207-6117-0JASSY 7 0.17 0.039
206-8486-01 PUNCH 2 0 0.004 206-8496-01DM 4 0.075 207-6118 PRGM 1 0.074 0|
206-8486-01 MISC 3 0.32 0.05] 206-8496-01PLATE 5 0.02 207-6118 PUNCH 2 0 0.111
206-8486-01 DM 4 0.075 0.004 206-8496-01SILKSC 6 0.933 207-6118 MISC 3 0.32 0.05]
206-8486-01 PLATE 5 0.02 0.02 207-1022 PRGM 1 0.074 207-6118 DM 4 0.075 0.00q
206-8486-02 PRGM 1 0.074 0| 207-1022 PUNCH 2 0 207-6118 BEND 5 0.428 0.029
206-8486-02 PUNCH 2 0 0.004 207-1022 MISC 3 0.32 207-6118 PLATE 6 0.02 0.067944
206-8486-02 MISC 3 0.32 0.05] 207-1022 DM 4 0.075 207-6118 ASSY 7 0.17 0.039
206-8486-02 DM 4 0.075 0.004 207-1022 BEND 5 0.285 207-6118-01PRGM 1 0.074 0|
206-8486-02 PLATE 5 0.02 0.02 207-1022 PLATE 6 0.02 207-6118-01PUNCH 2 0  0.0554
206-8487 PRGM 1 0.074 0 207-1022 ASSY 7 0.17 207-6118-01MISC 3 0.32 0.051
206-8487 PUNCH 2 0 0.009 207-1024 PRGM 1 0.074 207-6118-01DM 4 0.075 0.00q
206-8487 MISC 3 0.32 0.05] 207-1024 PUNCH 2 0 207-6118-01BEND 5 0.428 0.029
206-8487 DM 4 0.075 0.004 207-1024 MISC 3 0.32 207-6118-01PLATE 6 0.02 0.06808:
206-8487 PLATE 5 0.02 0.02 207-1024 DM 4 0.075 207-6118-0JASSY 7 0.17 0.059
206-8487 PSASSY 6 0 0.02 207-1024 BEND 5 0.285 207-6119 PRGM 1 0.074 0|
206-8488 PRGM 1 0.074 0| 207-1024 PLATE 6 0.02 207-6119 PUNCH 2 0 0.065
206-8488 PUNCH 2 0 0.093 207-1024-01PRGM 1 0.074 207-6119 MISC 3 0.32 0.05]
206-8488 MISC 3 0.124 0.05635. 207-1024-01PUNCH 2 0 207-6119 DM 4 0.075 0.006
206-8488 DM 4 0.075 0.03 207-1024-0IMISC 3 0.32 207-6119 BEND 5 0.428 0.029
206-8488 BEND 5 0.428 0.03741% 207-1024-01DM 4 0.075 207-6119 PLATE 6 0.02 0.074
206-8488 PLATE 6 0.02 0.116412 207-1024-01BEND 5 0.285 207-6119 ASSY 7 0.17 0.099
206-8488 PAINT 7 0.288 0.09202 207-1024-01PLATE 6 0.02 207-6122 PRGM 1 0.074 0|
206-8489 PRGM 1 0.074 0| 207-1026 PRGM 1 0.074 207-6122 PUNCH 2 0 0.014
206-8489 PUNCH 2 0 0.004 207-1026 PUNCH 2 0 207-6122 MISC 3 0.32 0.05]
206-8489 MISC 3 0.32 0.05] 207-1026 MISC 3 0.32 207-6122 DM 4 0.075 0.00q
206-8489 DM 4 0.075 0.004 207-1026 DM 4 0.075 207-6122 BEND 5 0.333 0.014
206-8489 BEND 5 0.428 0.029 207-1026 BEND 5 0.57 207-6122 PLATE 6 0.02 0.02
206-8489 PLATE 6 0.02 0.02 207-1026 PLATE 6 0.02 207-6122-01PRGM 1 0.074 0|
206-8490 PRGM 1 0.074 0| 207-6112 PRGM 1 0.074 207-6122-01PUNCH 2 0 0.014
206-8490 PUNCH 2 0 0.119 207-6112 PUNCH 2 0 207-6122-0IMISC 3 0.32 0.05]
206-8490 MISC 3 0.32 0.051 207-6112 MISC 3 0.32 207-6122-01DM 4 0.075 0.006
206-8490 DM 4 0.075 0.00§ 207-6112 DRILL 4 0.094 207-6122-01BEND 5 0.333 0.014
206-8490 BEND 5 0.285 0.007 207-6112 DM 5 0.075 207-6122-01PLATE 6 0.02 0.02
206-8490 PLATE 6 0.02 0.149 207-6112 BEND 6 0.333 207-6124 PRGM 1 0.074 0|
206-8490 PAINT 7 0.288 0.171 207-6112 PLATE 7 0.02 207-6124 PUNCH 2 0 0.019
206-8490 ASSY 8 0.17 0.059 207-6112 ASSY 8 0.17 207-6124 MISC 3 0.32 0.05]
206-8492 PRGM 1 0.074 0| 207-6112-01PRGM 1 0.074 207-6124 DM 4 0.075 0.00q
206-8492 PUNCH 2 0 0.074 207-6112-01PUNCH 2 0 207-6124 BEND 5 0.333 0.014
206-8492 MISC 3 0.32 0.02 207-6112-0IMISC 3 0.32 207-6124 PLATE 6 0.02 0.02
206-8492 DM 4 0.075 0.004 207-6112-01DM 4 0.075 207-6130-0:CUT 1 0.095 0.015
206-8492 PLATE 5 0.02 0.09¢ 207-6112-01BEND 5 0.285 207-6130-0:MISC 2 0.32 0.02105¢
206-8492 PAINT 6 0.288 0.152 207-6112-01PLATE 6 0.02 207-6130-0ZDRILL 3 0.094 0.023
206-8492 ASSY 7 0.17 0.074 207-6114 PRGM 1 0.074 207-6130-0: PLATE 4 0.02 0.02
206-8492-01 PRGM 1 0.074 0| 207-6114 PUNCH 2 0 207-6130-0¢CUT 1 0.095 0.015
206-8492-01 PUNCH 2 0 0.074 207-6114 MISC 3 0.32 207-6130-0¢MISC 2 0.32 0.02105¢
206-8492-01 MISC 3 0.32 0.05] 207-6114 DM 4 0.075 207-6130-0<DRILL 3 0.094 0.034
206-8492-01 DM 4 0.075 0.004 207-6114 BEND 5 0.285 207-6130-0¢PLATE 4 0.02 0.02
206-8492-01 | PLATE 5 0.02 0.09¢ 207-6114 PLATE 6 0.02 207-6130-05CUT 1 0.095 0.015
206-8492-01 | PAINT 6 0.288 0.157 207-6114 ASSY 7 0.17 207-6130-05MISC 2 0.32 0.02105¢
206-8492-01 PSASSY 7 0 0.14 207-6114-01PRGM 1 0.074 207-6130-05DRILL 3 0.094 0.034
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207-6130-05 PLATE 4 0.02 0.02 207-6146 PLATE 6 207-7128-01PRGM 1 0.074 0|
207-6132 COILS 1 0.5 0.187§ 207-6146 ASSY 7 207-7128-01PUNCH 2 0 0.004
207-6133 PRGM 1 0.074 0| 207-6148 PRGM 1 207-7128-0IMISC 3 0.32 0.05]
207-6133 PUNCH 2 0 0.017 207-6148 PUNCH 2 207-7128-01DM 4 0.075 0.006
207-6133 MISC 3 0.32 0.05] 207-6148 MISC 3 207-7128-01BEND 5 0.285 0.007
207-6133 DM 4 0.075 0.004 207-6148 DM 4 207-7128-01PLATE 6 0.02 0.02
207-6133 PLATE 5 0.02 0.02 207-6148 PLATE 5 207-7130 PRGM 1 0.074 0|
207-6133-01 PRGM 1 0.074 0| 207-6148-01PRGM 1 207-7130 PUNCH 2 0 0.009
207-6133-01 PUNCH 2 0 0.009 207-6148-0JPUNCH 2 207-7130 MISC 3 0.32 0.05]
207-6133-01 MISC 3 0.32 0.05] 207-6148-0IMISC 3 207-7130 DM 4 0.075 0.00q
207-6133-01 DM 4 0.075 0.004 207-6148-01DM 4 207-7130 BEND 5 0.428 0.029
207-6133-01 | PLATE 5 0.02 0.02 207-6148-01PLATE 5 207-7130 PLATE 6 0.02 0.02
207-6134 PRGM 1 0.074 0| 207-6158 PRGM 1 207-7130-01PRGM 1 0.074 0|
207-6134 PUNCH 2 0 0.014 207-6158 PUNCH 2 207-7130-01PUNCH 2 0 0.006
207-6134 MISC 3 0.32 0.00967. 207-6158 MISC 3 207-7130-0IMISC 3 0.32 0.05]
207-6134 DM 4 0.075 0.004 207-6158 DM 4 207-7130-01DM 4 0.075 0.006
207-6134 BEND 5 0.38 0.008064 207-6158 BEND 5 207-7130-01BEND 5 0.428 0.024
207-6134 PLATE 6 0.02 0.02 207-6158 PLATE 6 207-7130-01PLATE 6 0.02 0.02
207-6134 ASSY 7 0.17 0.0 207-6158 ASSY 7 207-7130-0zPRGM 1 0.074 0|
207-6134-01 PRGM 1 0.074 0| 207-6172 PRGM 1 207-7130-0zPUNCH 2 0 0.00q
207-6134-01 PUNCH 2 0 0.013 207-6172 PUNCH 2 207-7130-0zMISC 3 0.32 0.05]
207-6134-01 MISC 3 0.32 0.02105 207-6172 MISC 3 207-7130-02DM 4 0.075 0.00q
207-6134-01 DM 4 0.075 0.004 207-6172 DM 4 207-7130-02BEND 5 0.428 0.029
207-6134-01 | BEND 5 0.38 0.021 207-6172 BEND 5 207-7130-0zPLATE 6 0.02 0.02
207-6134-01 | PLATE 6 0.02 0.02 207-6172 PLATE 6 207-7132 PRGM 1 0.074 0|
207-6134-01 ASSY 7 0.17 0.0 207-6172 ASSY 7 207-7132 PUNCH 2 0 0.007
207-6135 PRGM 1 0.074 o) 207-6174 CUT 1 207-7132 MISC 3 0.32 0.05]
207-6135 PUNCH 2 0 0.005 207-6174  MILL 2 207-7132 DM 4 0.075 0.006
207-6135 MISC 3 0.32 0.02105¢ 207-6174 MISC 3 207-7132  PLATE 5 0.02 0.02
207-6135 DM 4 0.075 0.004 207-6174 PLATE 4 207-7132-01PRGM 1 0.074 0|
207-6135 BEND 5 0.333 0.014 207-6174-01CUT 1 207-7132-0JPUNCH 2 0 0.007
207-6135 PLATE 6 0.02 0.02 207-6174-0IMILL 2 207-7132-0IMISC 3 0.32 0.05]
207-6135-01 PRGM 1 0.074 0| 207-6174-0IMISC 3 207-7132-01DM 4 0.075 0.00q
207-6135-01 PUNCH 2 0 0.004 207-6174-01PLATE 4 207-7132-01BEND 5 0.285 0.007
207-6135-01 MISC 3 0.32 0.02105 207-6176-0zCUT 1 207-7132-01PLATE 6 0.02 0.02
207-6135-01 DM 4 0.075 0.004 207-6176-0zMILL 2 207-7132-02PRGM 1 0.074 0|
207-6135-01 | BEND 5 0.333 0.014 207-6176-0zMISC 3 207-7132-02PUNCH 2 0 0.009
207-6135-01 | PLATE 6 0.02 0.02 207-6176-0zPLATE 4 207-7132-02MISC 3 0.32 0.05]
207-6136 Ccut 1 0.095 0.014 207-6176-03CUT 1 207-7132-02DM 4 0.075 0.00q
207-6136 MISC 2 0.32 0.021397 207-6176-0z MILL 2 207-7132-02BEND 5 0.285 0.007
207-6136 DRILL 3 0.094 0.023 207-6176-0:MISC 3 207-7132-0zPLATE 6 0.02 0.02
207-6136 PLATE 4 0.02 0.02 207-6176-0:PLATE 4 207-7135 CUT 1 0.095 0.015
207-6136-01 CUT 1 0.095 0.015 207-6180 PRGM 1 207-7135 MISC 2 0.32 0.05]
207-6136-01 MISC 2 0.32 0.021397 207-6180 PUNCH 2 207-7135 PLATE 3 0.02 0.02
207-6136-01 | DRILL 3 0.094 0.029 207-6180 MISC 3 207-8110 PRGM 1 0.074 0|
207-6136-01 | PLATE 4 0.02 0.02 207-6180 DM 4 207-8110 PUNCH 2 0 0.001§
207-6136-02 | CUT 1 0.095 0.014 207-6180 BEND 5 207-8110 MISC 3 0.32 0.00116:
207-6136-02 MISC 2 0.32 0.021397 207-6180 PLATE 6 207-8110 DM 4 0.075 0.00142
207-6136-02 | DRILL 3 0.094 0.029 207-6180 ASSY 7 207-8110 BEND 5 0.333 0.00134!
207-6136-02 PLATE 4 0.02 0.02 207-6182 COILS 1 207-8110 PLATE 6 0.02 0.00247
207-6138 COILS 1 0.5 0.28124 207-7126  PRGM 1 207-8112 PRGM 1 0.074 0
207-6140 Ccut 1 0.095 0.015 207-7126  PUNCH 2 207-8112 PUNCH 2 0 0.057
207-6140 MISC 2 0.32 0.02105 207-7126  MISC 3 207-8112 MISC 3 0.32 0.05]
207-6140 DRILL 3 0.094 0.023 207-7126 DM 4 207-8112 DM 4 0.075 0.00q
207-6140 PLATE 4 0.02 0.02 207-7126  BEND 5 207-8112 BEND 5 0.428 0.029
207-6140-01 CUT 1 0.095 0.015 207-7126  PLATE 6 207-8112 PLATE 6 0.02 0.070444
207-6140-01 MISC 2 0.32 0.02105 207-7126-01PRGM 1 207-8112-01PRGM 1 0.074 0|
207-6140-01 DRILL 3 0.094 0.029 207-7126-01PUNCH 2 207-8112-01PUNCH 2 0 0.069
207-6140-01 | PLATE 4 0.02 0.02 207-7126-0IMISC 3 207-8112-0IMISC 3 0.32 0.05]
207-6140-02 | CUT 1 0.095 0.01§ 207-7126-01DM 4 207-8112-01DM 4 0.075 0.004
207-6140-02 MISC 2 0.32 0.02105¢ 207-7126-01BEND 5 207-8112-01BEND 5 0.428 0.024
207-6140-02 DRILL 3 0.094 0.029 207-7126-01PLATE 6 207-8112-01PLATE 6 0.02 0.04158:
207-6140-02 PLATE 4 0.02 0.02 207-7126-0zPRGM 1 207-8120 PARTS 1 0 0|
207-6142-01 PRGM 1 0.074 0| 207-7126-02PUNCH 2 207-8120 PASH 2 0 0.375
207-6142-01 PUNCH 2 0 0.017 207-7126-0zMISC 3 207-8120 PTST 3 0 0|
207-6142-01 MISC 3 0.32 0.05] 207-7126-02DM 4 207-8120-01PARTS 1 0 0|
207-6142-01 DM 4 0.075 0.004 207-7126-02BEND 5 207-8120-01PASH 2 0 0.5
207-6142-01 | BEND 5 0.333 0.014 207-7126-0zPLATE 6 207-8120-01PTST 3 0 0|
207-6142-01 | PLATE 6 0.02 0.02 207-7126-0:PRGM 1 207-8128 PRGM 1 0.074 0|
207-6144 PRGM 1 0.074 0| 207-7126-0:PUNCH 2 207-8128 PUNCH 2 0 0.05924
207-6144 PUNCH 2 0 0.007 207-7126-0:MISC 3 207-8128 MISC 3 0.32 0.05]
207-6144 MISC 3 0.32 0.05% 207-7126-0:DM 4 207-8128 DM 4 0.075 0.006
207-6144 DM 4 0.075 0.004 207-7126-0:BEND 5 207-8128 PLATE 5 0.02 0.07391
207-6144 BEND 5 0.333 0.014 207-7126-0: PLATE 6 207-8128 ASSY 6 0.17 0.09827:
207-6144 PLATE 6 0.02 0.02 207-7128 PRGM 1 207-8128-01PRGM 1 0.074 0|
207-6146 PRGM 1 0.074 0| 207-7128 PUNCH 2 207-8128-01PUNCH 2 0 0.05925
207-6146 PUNCH 2 0 0.013 207-7128 MISC 3 207-8128-0IMISC 3 0.32 0.05]
207-6146 MISC 3 0.32 0.05] 207-7128 DM 4 207-8128-01DM 4 0.075 0.00q
207-6146 DM 4 0.075 0.004 207-7128 BEND 5 207-8128-01PLATE 5 0.02 0.07391
207-6146 BEND 5 0.523 0.047 207-7128 PLATE 6 207-8128-01ASSY 6 0.17 0.04677
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207-8128-02
207-8128-02
207-8128-02
207-8128-02
207-8128-03
207-8128-03
207-8128-03
207-8128-03
207-8130
207-8130
207-8130
207-8130
207-8130
207-8130
207-8130
207-8136
207-8136
207-8136
207-8136
207-8136
207-8136
207-8136
207-8136-01
207-8136-01
207-8136-01
207-8136-01
207-8136-01
207-8138
207-8138
207-8138
207-8138
207-8138
207-8138
207-8138-01
207-8138-01
207-8138-01
207-8138-01
207-8138-01
207-8138-01
207-8138-02
207-8138-02
207-8138-02
207-8138-02
207-8138-02
207-8138-02
207-8138-03
207-8138-03
207-8138-03
207-8138-03
207-8138-03
207-8138-03
207-8140
207-8140
207-8140
207-8140
207-8140
207-8140
207-8140
207-8140
207-8140-01
207-8140-01
207-8140-01
207-8140-01
207-8140-01
207-8140-01
207-8140-01
207-8140-01
207-8144
207-8144
207-8144
207-8146
207-8146
207-8146
207-8146
207-8146
207-8146
207-8148-01
207-8148-01
207-8148-01
207-8148-01

MISC
DM
PLATE
ASSY
MISC
DM
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DRILL
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
DRILL
ASSY
Cut
MISC
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM

1

3
4
1
2
3
4
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
1
2
3
4
5
6
1
2
3
4

0.32
0.075
0.02
0.17
0.32
0.075
0.02
0.17
0.074
0
0.32
0.075
0.428
0.02
0.17
0.074
0
0.32
0.075
0.428
0.02
0.17
0.32

0.075
0.475

0.02
0.17
0.074
0
0.32
0.075
0.618
0.02
0.074
0
0.32

0.075

0.618
0.02
0.074
0
0.32
0.075
0.618
0.02
0.074
0
0.32

0.075

0.57
0.02
0.074
0
0.32
0.094
0.075
0.285
0.02
0.17
0.074
0
0.32

0.075
0.285

0.02
0.094
0.17
0.095
0.32
0.02
0.074
0
0.32
0.075

0.285

0.02
0.074
0
0.32
0.075

0.05]
0.004
0.07412!
0.04618:
0.051
0.004
0.07412!
0.04795
0
0.024
0.02253
0.004
0.024
0.03331!
0.02213
0
0.09§
0.051
0.004
0.024
0.057944
0.07127:
0.05]
0.004
0.034
0.04437!
0.07245!
0
0.023
0.051
0.004
0.054
0.023
0
0.027
0.02327:
0.004
0.00756:
0.023
0
0.023
0.051
0.004
0.054
0.024
0
0.0115
0.01025
0.004
0.00779
0.01239
0
0.07§
0.051
0.004
0.004
0.007
0.097
0.01§
0
0.034
0.05]
0.004
0.007
0.04
0.004
0.01§
0.01§
0.051
0.02
0
0.009
0.051
0.004
0.007
0.02
0
0.01§
0.05]
0.004

207-8148-01 BEND
207-8148-01 PLATE
207-8149  PRGM
207-8149  PUNCH
207-8149  MISC
207-8149 DM
207-8149  BEND
207-8149  PLATE
207-8149-01 PRGM
207-8149-01 PUNCH
207-8149-01 MISC
207-8149-01 DM
207-8149-01 BEND
207-8149-01 PLATE
207-8149-02 PRGM
207-8149-02 PUNCH
207-8149-02 MISC
207-8149-02 DM
207-8149-02 BEND
207-8149-02 PLATE
207-8149-03 PRGM
207-8149-03 PUNCH
207-8149-03 MISC
207-8149-03 DM
207-8149-03 BEND
207-8149-03 PLATE
207-8154  CUT
207-8154  MISC

207-8154  DRILL
207-8154  PLATE
207-8156  PRGM
207-8156  PUNCH
207-8156  MISC
207-8156 DM
207-8156  PLATE
207-8158  PRGM
207-8158  PUNCH
207-8158  MISC
207-8158 DM
207-8158  BEND
207-8158  PLATE

207-8158-01 PRGM
207-8158-01 PUNCH
207-8158-01 MISC
207-8158-01 DM
207-8158-01 BEND
207-8158-01 PLATE
207-8160 CUT
207-8160 MILL

207-8160 LATHE
207-8160  PLATE
207-8162  PRGM
207-8162  PUNCH

207-8162 MISC
207-8162 DM

207-8162 PLATE
207-8164 PRGM
207-8164 PUNCH

207-8164  MISC
207-8164 DM

207-8164  PLATE
207-8172  MISC
207-8172 DM
207-8172  BEND
207-8172  PLATE
207-8172  PAINT

207-8172-FP PRGM
207-8172-FP PUNCH
207-8174  PRGM
207-8174  PUNCH
207-8174  MISC
207-8174 DM

207-8174  BEND
207-8174  PLATE
207-8174  ASSY
207-8182  PRGM
207-8182  PUNCH
207-8182  MISC
207-8182 DM
207-8182  BEND

5

6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
1
2
3
4
5
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
1
2
3
4
5
6
7
1
2
3
4
5
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0.333
0.02
0.074
0
0.32
0.075
0.333
0.02
0.074
0
0.32

0.075

0.333
0.02
0.074
0
0.32
0.075
0.333
0.02
0.074
0
0.32

0.075

0.333
0.02
0.095
0.32
0.094
0.02
0.074
0
0.32

0.075

0.02
0.074
0
0.32
0.075
0.333
0.02
0.074
0
0.32
0.075
0.333
0.02
0.1

1
0.75
0.02
0.074
0
0.32
0.075
0.02
0.074
0
0.32
0.075
0.02
0.32

0.075

0.428

0.02
0.288
0.074

0.074

0.32
0.075
0.333

0.02

0.17
0.074

0.32

0.075

0.475

0.014

0.02
0
0.014
0.051
0.004
0.014

0.02
0
0.014
0.05]
0.004
0.014

0.02
0
0.004
0.051
0.004
0.014

0.02
0
0.009
0.051
0.004
0.014

0.02
0.01§
0.051
0.01§

0.02
0]
0.007
0.051
0.004

0.02

0.00375
0.002354

; 0.002891
0.00280
0.00495

0.01§
0.02327
0.004
0.014
0.02
0.0
0.004444
0.09833:!
0.02
0
0.004
0.051
0.004
0.02
0
0.04
0.051
0.004
0.044
0.05]
0.004
0.024
0.148889
0.1055
0
0.0175
0
0.00§
0.051
0.004
0.014
0.02
0.02
0
0.031
0.05]
0.004
0.03§

207-8182
207-8182
207-8186 PRGM
207-8186 PUNCH
207-8186 MISC
207-8186 DRILL
207-8186 DM
207-8186 BEND
207-8186 PLATE
207-8186 PAINT
207-8186-01PRGM
207-8186-01PUNCH
207-8186-0IMISC
207-8186-01DRILL
207-8186-01DM
207-8186-01BEND
207-8186-01PLATE
207-8186-01PAINT
207-8188 PRGM
207-8188 PUNCH
207-8188 MISC
207-8188 DRILL
207-8188 DM
207-8188 BEND
207-8188 PLATE
207-8188 PAINT
207-8188-01PRGM
207-8188-01PUNCH
207-8188-0IMISC
207-8188-01DRILL
207-8188-01DM
207-8188-01BEND
207-8188-01PLATE
207-8188-01PAINT
207-8190 MISC
207-8190 DM
207-8190 BEND
207-8190 PLATE
207-8190 PAINT
207-8190 ASSY
207-8192 PRGM
207-8192 PUNCH
207-8192 MISC
207-8192 DM
207-8192 BEND
207-8192 PLATE
207-8192  PAINT
207-8192 ASSY
207-8192-0IMISC
207-8192-01DM
207-8192-01BEND
207-8192-01PLATE
207-8192-01PAINT
207-8192-01ASSY
207-8198 PRGM
207-8198 PUNCH
207-8198 MISC
207-8198 DM
207-8198 BEND
207-8198 PLATE
207-8198-01PRGM
207-8198-01PUNCH
207-8198-0IMISC
207-8198-01DM
207-8198-01BEND
207-8198-01PLATE
207-8198-0.PRGM
207-8198-0.PUNCH
207-8198-0:MISC
207-8198-02DM
207-8198-02BEND
207-8198-0PLATE
207-8220 PRGM
207-8220 PUNCH
207-8220 MISC
207-8220 DM
207-8220 BEND
207-8220 PLATE
207-8224 PRGM
207-8224 PUNCH

PLATE
ASSY

6

7
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
1
2
3
4
5
6
7
8
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2

0.02
0.17
0.074
0
0.32
0.094

0.075
0.475

0.02
0.288
0.074

0

0.32

0.094

0.075

0.475
0.02
0.288
0.074
0
0.32
0.094

0.075
0.475

0.02
0.288
0.074

0

0.32
0.094
0.075

0.475

0.02

0.288

0.32

0.075

0.618
0.02
0.288
0.17
0.074
0
0.32
0.075

0.618

0.02

0.288

0.17
0.32

0.075

0.618
0.02
0.288
0.17
0.074
0
0.32

0.075
0.285

0.02
0.074
0
0.32

0.075
0.285

0.02
0.074
0
0.32
0.075

0.285

0.02
0.074
0
0.32

0.075

0.333
0.02
0.074
0

0.03§
0.01
0)
0.05§
0.051
0.01§
0.004
0.034
0.064
0.063
0
0.05§
0.05]
0.01§
0.004
0.03§
0.064
0.063
0
0.054
0.051
0.01§
0.004
0.03§
0.064
0.063
0
0.05§
0.05]
0.01§
0.00§
0.034
0.064
0.063
0.051
0.004
0.054
0.05941
0.0935
0.07377
0
0.094
0.051
0.00q
0.054
0.05941
0.0934
0.06877
0.051
0.004
0.054
0.06362!
0.043
0.07245
0
0.00§
0.02327
0.004
0.007
0.02
0
0.00§
0.02105¢
0.004
0.007
0.02
0
0.00§
0.02105
0.00q
0.007
0.02
0
0.00§
0.02105
0.004
0.014
0.02
0
0.004




Component WorkStation Operation Setup Time Run Timg

207-8224
207-8224
207-8224
207-8224
207-8230
207-8230
207-8230
207-8230
207-8230
207-8230
207-8230-01
207-8230-01
207-8230-01
207-8230-01
207-8230-01
207-8230-01
207-8232
207-8232
207-8232
207-8232
207-8232
207-8232
207-8232
207-8232
207-8234
207-8234
207-8234
207-8234
207-8234
207-8286
207-8286
207-8286
207-8286
207-8286
207-8290
207-8290
207-8290
207-8290
207-8290
207-8290
207-8290
207-8292
207-8292
207-8292
207-8292
207-8292
207-8292
207-8512-01
207-8512-01
NAA56/01
NAA56/01
NAH57
NAH57
NAH57
NAH57
NAH57/01
NAH57/01
NAH57/01
NAH57/01
NAP36/01A
NAP36/01A
NAP36/01A
NAP36A
NAP36A
NAP36A
NAPA19
NAPC156
NAPC156
NAPI100
NAPI1100
NAPI105/01
NAPI105/01
NAPI111
NAPI111
NAPI115
NAPI115
NAPI98
NAPI99

MISC
DM
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
PAINT
ASSY
PRGM
PUNCH
MISC
DM
PLATE
PRGM
PUNCH
MISC
DM
PLATE
PRGM
PUNCH
MISC
DM
BEND
PLATE
ASSY
PRGM
PUNCH
MISC
DM
BEND
PLATE
PARTS
PASL
FMCUBE
PTST
PARTS
PASL
PASH
PTST
PARTS
PASL
PASH
PTST
PARTS
PASL
PTST
PARTS
PASL
PTST
PARTS
PARTS
ATST
PARTS
PTST
PARTS
ATST
PARTS
ATST
PARTS
ATST
PARTS
PARTS

3

PRPNRPNPNRPNRPNRPRPONRPONRPRAONRPRMONPNRPNRPRPOORMWOWNRPRPNOOOORASWNRODWNROBRWNRERONOORAWNRERPOUORMWNEOOUORMWNREOOOSMN

0.32
0.075
0.02
0.17
0.074
0
0.32
0.075

0.285

0.02
0.074
0
0.32

0.075

0.285
0.02
0.074
0
0.32
0.075
0.333
0.02
0.288
0.17
0.074
0
0.32
0.075
0.02
0.074
0
0.32
0.075
0.02
0.074
0
0.124
0.075
0.618
0.02
0.17
0.074
0
0.124
0.075
0.57

o
b—‘I—'OOOb—‘OOOI—‘OI—‘I—‘OOOOOOOOOOOOOOOOOOS

0.05]
0.00q
0.02
0.01
0]
0.009
0.02216]
0.00q
0.007
0.02
0]
0.00q
0.05]
0.00q
0.007
0.02
0
0.01
0.05]
0.00q
0.014
0.02
0.127
0.02
0
0.019
0.05]
0.00q
0.02
0]
0.004
0.05]
0.00q
0.02
0]
0.0284
0.02391
0.00q
0.01936!
0.033744
0.014
0]
0.024
0.02
0.00q
0.12
0.029
0]
0.5
0.03515¢
0.02187'
0]
0.129
0.12§
0]
0]
0.0625
0.0624
0
0]
0.03906!
0.03374
0]
0.01953
0.0337§
0]

0]
0.00390¢
0]
0.10124
0]
0.15]
0]
0]
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APPENDIX C
Parent Child Qtyper
183-6059 183-6058 1
203-6016 203-6016-FP 1
206-8009 206-8012 1
206-8009 206-8016 1
206-8009 206-8016-01 1
206-8009 206-8018 1
206-8009 206-8018-01 1
206-8009 206-8022 1
206-8009 206-8022-01 1
206-8009 206-8024 6
206-8009 206-8026 1
206-8009 206-8028 2
206-8009 206-8030 1
206-8009 206-8032 1
206-8009 206-8036 1
206-8009 206-8042 1
206-8009 206-8044 1
206-8009 206-8045 1
206-8009 206-8046 1
206-8009 206-8047 1
206-8009 206-8050 1
206-8009 206-8051 2
206-8009 206-8058 1
206-8009 206-8070 1
206-8009 206-8072 1
206-8009 206-8234 1
206-8009 206-8410 1
206-8009 206-8412 1
206-8009 206-8412-01 1
206-8009 206-8438 18
206-8009 206-8456 4
206-8009 206-8460 4
206-8009 206-8462 2
206-8009 206-8468 1
206-8064 206-8065 1
206-8064 206-8066 1
206-8064 206-8066-01 1
206-8086 206-8087 1
206-8086 206-8088 1
206-8090 206-8079 1
206-8090 206-8093 1
206-8090 206-8493 2
206-8092 206-8093 1
206-8092 206-8493-02 2
206-8209-01 206-8012 1
206-8209-01 206-8216-02 1
206-8209-01 206-8216-03 1
206-8209-01 206-8222 1
206-8209-01 206-8222-01 1
206-8209-01 206-8230 1

Bill of Materials
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Parent Child Qtyper
206-8209-01 206-8232-01 1
206-8209-01 206-8234 1
206-8209-01 206-8242-01 1
206-8209-01 206-8244-01 1
206-8209-01 206-8245 1
206-8209-01 206-8247 1
206-8209-01 206-8250 1
206-8209-01 206-8251 2
206-8209-01 206-8254-01 1
206-8209-01 206-8258 1
206-8209-01 206-8270 1
206-8209-01 206-8272 1
206-8209-01 206-8274 1
206-8209-01 206-8278 1
206-8209-01 206-8410 1
206-8209-01 206-8412 1
206-8209-01 206-8412-01 1
206-8209-01 206-8418 1
206-8209-01 206-8418-03 1
206-8209-01 206-8424 5
206-8209-01 206-8426 1
206-8209-01 206-8428 4
206-8209-01 206-8438 25
206-8209-01 206-8446 1
206-8209-01 206-8456 8
206-8209-01 206-8460 4
206-8209-01 206-8461 2
206-8209-01 206-8462 2
206-8209-01 206-8468 1
206-8264-01 206-8265-01 1
206-8264-01 206-8466 1
206-8264-01 207-8290 1
206-8282 206-8283 1
206-8282 206-8284 1
206-8290 206-8287 1
206-8290 206-8493 2
206-8290 206-8493-01 1
206-8292 206-8493-01 1
206-8292 206-8493-02 2
206-8409 206-8410 1
206-8409 206-8410-01 1
206-8409 206-8412 1
206-8409 206-8412-01 1
206-8409 206-8414 1
206-8409 206-8416 1
206-8409 206-8416-01 1
206-8409 206-8418 1
206-8409 206-8418-01 1
206-8409 206-8420 1
206-8409 206-8420-01 1



Parent Child Qtyper
206-8409 206-8422 1
206-8409 206-8422-01 1
206-8409 206-8424 10
206-8409 206-8426 2
206-8409 206-8428 8
206-8409 206-8430 1
206-8409 206-8430-01 1
206-8409 206-8432 2
206-8409 206-8434 1
206-8409 206-8434-01 1
206-8409 206-8438 50
206-8409 206-8442 1
206-8409 206-8444 1
206-8409 206-8445 1
206-8409 206-8446 2
206-8409 206-8447 1
206-8409 206-8448 1
206-8409 206-8450 1
206-8409 206-8451 2
206-8409 206-8454 1
206-8409 206-8456 16
206-8409 206-8458 1
206-8409 206-8460 4
206-8409 206-8461 2
206-8409 206-8462 2
206-8409 206-8468 1
206-8409 206-8470 1
206-8409 206-8472 1
206-8409 206-8474 1
206-8409 206-8478 1
206-8464 206-8465 1
206-8464 206-8466 1
206-8464 207-8290 1
206-8464-01 206-8465-01 1
206-8464-01 206-8466-01 2
206-8482 206-8483 1
206-8482 206-8484 1
206-8482-01 206-8483-01 1
206-8482-01 206-8484-01 1
206-8490 206-8487 1
206-8490 206-8493 2
206-8490 206-8493-01 1
206-8492 206-8493-01 1
206-8492 206-8493-02 2
206-8492-01 206-8493-01 1
206-8492-01 206-8493-02 2
207-6132 207-6134 2
207-6132 207-6136 1
207-6132 207-6136-01 1
207-6132 207-6136-02 1

104

Parent Child Qtyper
207-6138 207-6134 2
207-6138 207-6140 1
207-6138 207-6140-01 1
207-6138 207-6140-02 1
207-6182 207-6130-03 1
207-6182 207-6130-04 1
207-6182 207-6130-05 1
207-6182 207-6134-01 1
207-6182 207-6135 1
207-6182 207-6135-01 1
207-8120 207-6116 1
207-8120 207-6118 1
207-8120 207-6158 1
207-8120 207-8110 40
207-8120 207-8112 1
207-8120 207-8128 1
207-8120 207-8128-01 1
207-8120 207-8130 3
207-8120 207-8136 1
207-8120 207-8138 1
207-8120 207-8138-01 4
207-8120 207-8149 1
207-8120 207-8149-01 1
207-8120 207-8154 1
207-8120 207-8156 1
207-8120 207-8158 20
207-8120 207-8158-01 4
207-8120 207-8182 1
207-8120 207-8186 1
207-8120 207-8186-01 1
207-8120 207-8188 1
207-8120 207-8188-01 1
207-8120 207-8190 1
207-8120 207-8192 1
207-8120 207-8198 4
207-8120 207-8198-01 2
207-8120 207-8198-02 2
207-8120 207-8220 2
207-8120 207-8286 2
207-8120-01 207-6116 1
207-8120-01 207-6118-01 1
207-8120-01 207-6158 1
207-8120-01 207-8110 20
207-8120-01 207-8112-01 1
207-8120-01 207-8128-02 1
207-8120-01 207-8128-03 1
207-8120-01 207-8130 1
207-8120-01 207-8136-01 1
207-8120-01 207-8138-02 1
207-8120-01 207-8138-03 4



Parent Child Qtyper
207-8120-01 207-8149-02 1
207-8120-01 207-8149-03 1
207-8120-01 207-8154 1
207-8120-01 207-8156 1
207-8120-01 207-8158 10
207-8120-01 207-8158-01 2
207-8120-01 207-8182 1
207-8120-01 207-8186 1
207-8120-01 207-8186-01 1
207-8120-01 207-8188 1
207-8120-01 207-8188-01 1
207-8120-01 207-8190 1
207-8120-01 207-8192-01 1
207-8120-01 207-8198 8
207-8120-01 207-8220 2
207-8120-01 207-8230 2
207-8120-01 207-8230-01 1
207-8120-01 207-8286 2
207-8172 207-8172-FP 1
NAA56/01 198-8357-01 1
NAA56/01 206-1004 1
NAA56/01 206-1010-01 1
NAA56/01 206-1012-01 1
NAA56/01 206-1014 1
NAA56/01 206-1016 1
NAA56/01 206-1018 1
NAA56/01 206-1020-02 1
NAA56/01 206-1022 1
NAA56/01 206-1024 1
NAA56/01 206-1026 1
NAA56/01 206-1028-01 1
NAA56/01 206-1030 1
NAA56/01 206-1030-01 1
NAA56/01 206-1030-02 1
NAA56/01 206-1030-03 2
NAA56/01 206-1030-04 2
NAA56/01 206-1032 1
NAA56/01 206-1034 1
NAA56/01 206-1034-01 1
NAA56/01 206-1036 1
NAA56/01 206-1036-01 2
NAA56/01 206-1036-02 1
NAA56/01 206-1038 2
NAA56/01 206-1038-01 1
NAA56/01 206-1040 4
NAA56/01 206-1041-02 1
NAA56/01 206-1042 1
NAA56/01 206-1044 1
NAA56/01 206-1150 1
NAA56/01 NAPI105/01 1
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Parent Child Qtyper
NAP36/01A 207-1022 1
NAP36/01A 207-1024 1
NAP36/01A 207-1024-01 1
NAP36/01A 207-1026 1
NAP36/01A NAPA19 1
NAP36A 207-1022 1
NAP36A 207-1024 1
NAP36A 207-1024-01 1
NAP36A 207-1026 1
NAP36A NAPA19 1



APPENDIX D i1 Pre -determined MTO Job Sequences

Sequence Product 1 Product 2 Product 3 Product 4 Product 5 Product 6

Number
1 206-8079 206-8063 206-1004 206-1150 207-8128-01 NAPA19
2 206-8093 206-1012-01  206-8410 206-8493-01 207-8224 NAPI198
3 206-8488 206-1018 206-8216-02 206-8484-01 207-8128 NAPI99
4 206-8493 206-1020-02 206-8250 206-8493-02 183-6058 207-8190
5 206-8412-01 206-1042 206-8252 206-8412 207-8164 207-8192-01
6 206-8493-02 206-8097 206-8468 206-8493 207-6133 207-6112
7 206-8412 206-8455 206-1044 206-8488 207-8286 207-8136-01
8 206-8094-01 206-1022 206-8272 206-8484 207-8156 207-6116
9 206-8094 206-1004 206-8426 206-8412-01 207-7132 207-8232
10 206-8410 206-8094 206-1024 206-1020-02 207-6133-01 207-8162
11 206-8099 206-8094-01 206-8418-03 206-1042 207-8162 207-8286
12 206-8066-01 206-4060 206-8089 206-8455 207-6148 207-6114-01
13 206-8070 NAPI105/01 206-8274 206-1012-01 NAPI100 207-8234
14 206-8473 NAPI111 206-8258 206-1018 200-5503-16 207-7132
15 206-8024 NAPI115 206-8222-01 206-8476-01 207-8144 207-8156
16 206-8058 NAPC156 206-8473 206-1022 207-7135 207-6148-01
17 206-8042 206-8012 206-8278 206-8438 203-6098 207-6133-01
18 206-8016-01 206-8022 206-8216-03 206-8436 200-5515-12 207-6133
19 206-8026 206-8016 206-1028-01 NAPI115 207-8160 207-8164
20 206-8468 206-8089 207-8290 NAPI105/01 207-8146 207-8140-01
21 206-1028-01 206-8099 206-8443 NAPC156 207-7126 207-8160
22 206-8072 206-8050 206-8265-01 206-4060 207-8112 207-6176-02
23 206-1024 206-8018 206-8257 NAPI111 207-8149 207-6174
24 206-8057 206-1028-01 206-8232-01 206-8446 207-8148-01 207-6176-03
25 206-1044 206-8022-01  206-8283 206-8454 207-6135-01 207-6174-01
26 206-8043 206-8057 206-8236 206-8469 207-1026 202-8037
27 206-8050 206-8058 206-8424 206-8432 207-8149-01 NAPI100
28 206-8044 206-8072 206-8461 206-8420 207-7128-01 207-8172-FP
29 206-8089 206-8018-01 206-8270 206-8414 207-8198-02 183-6058
30 206-8018-01 206-8047 206-8440 206-8445 207-8158 207-6136
31 206-8032 206-8026 206-8244-01 207-8292 207-8138-01 207-6140
32 206-8022-01 206-8052 206-8242-01 206-8466-01 207-6142-01 207-6140-02
33 206-8018 206-8098 206-8455 206-1034 207-6124 207-6136-01
34 206-8066 206-8236 206-1022 206-1034-01 207-6122 207-6130-05
35 206-8040 206-8044 206-8276-01 206-8467 207-7132-02 207-6130-03
36 206-8065 206-8066 206-1020-02 206-1041-02 207-6144 207-6136-02
37 206-8052 206-8024 206-1042 206-8451 207-7128 207-8154
38 206-8236 206-8066-01 206-1012-01 206-8463 207-6122-01 207-6140-01
39 206-8098 206-8040 206-8276 206-8489 207-8220 207-6130-04
40 206-8016 206-8042 206-1018 206-8460 207-6135 NAH57/01
41 206-8047 206-8473 NAPC156 206-8462 207-6112-01 207-8144
42 206-1150 206-1024 NAPI115 206-8449 207-1024 207-7135
43 200-5514-20 206-8468 NAPI111 206-8428 207-7130 200-5503-16
44 206-8063 206-1044 206-4060 206-8481 207-8198 184-6129-01
45 206-1022 206-8016-01 NAPI105/01 206-8447 207-8138 207-8224
46 206-8455 206-8032 198-8357-01 206-8466 207-7126-01 203-6098
47 206-1042 206-8043 176-1129-01 206-8456 207-7130-02 207-6134-01
48 206-1020-02 206-8070 206-1041-02 206-8410 207-8110 207-6134
49 206-1018 206-8065 206-8096 206-8410-01 207-1024-01 207-8182
50 206-8097 206-8056 206-8460 206-8487 207-7132-01 207-6119
51 206-1012-01 198-8357-01 206-8449 206-8418-01 207-8158-01 207-1022
52 206-1004 206-1014 206-8428 206-8418 207-7130-01 207-8130
53 206-8056 206-8415-04  206-8245 206-8475 207-8198-01 207-6172
54 206-8074 206-1030 206-1034-01 206-1010-01 184-6129-01 207-8174
55 206-1026 206-1010-01 206-8263-01 206-8425 183-6059 207-6117-01
56 206-1036-02 206-1030-01 206-8446 206-1030-04 203-6016-FP 207-6180
57 206-8415-04 206-1030-04 207-8292 206-8480 207-8172-FP 207-6115
58 206-8055 206-1032 206-8247 206-8486-01 207-8192 207-6158
59 206-8041 206-8415-01  206-8284 206-1030 207-8186-01 207-6118-01
60 206-8059 206-8027-01 206-8462 206-8476 207-8188 207-6114
61 206-1030-02 206-1026 206-8254-01 206-1036-02 207-8188-01 207-6117
62 206-1030-04 206-1038-01 206-8263 206-1032 207-8186 207-6146
63 206-1030-03 206-8027 206-8456 206-1014 203-6016 207-8172
64 206-3024 206-8415-03 ~ 206-8251 206-1036 207-6130-05 207-8128-03
65 206-1036 206-1036-02  206-8466 206-8415-01 207-6140-02 207-8128-02
66 206-8415-03 206-8074 206-1034 206-1038 207-8154 207-8188-01
67 206-1016 206-1040 206-8230 206-1026 207-6130-04 207-8186
68 206-1014 206-1030-02 206-8234 206-1030-02 207-6136 207-8188
69 206-1030 206-1036 206-8281 206-1030-01 207-6140-01 207-8186-01
70 206-1032 206-3024 206-8469 206-1038-01 207-6130-03 183-6059
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Sequence

Number Product 1 Product 2 Product 3 Product 4 Product 5 Product 6
71 206-1036-01 206-1038 206-1150 206-1036-01 207-6136-01 200-5515-12
72 206-1010-01 206-1036-01  206-8036 206-8486-02 207-6136-02 207-7130
73 206-1038-01 206-1016 206-8438 206-8476-02 207-6140 207-6122
74 206-1040 206-1030-03 ~ 206-1014 206-1040 207-6182 207-8138-02
75 206-8027-01 206-8059 206-1036 206-1016 NAPI98 207-6124
76 206-1038 206-8087 206-1030-04 206-1030-03 NAPI199 207-8158
77 206-8415-01 206-1150 206-8277 206-8486 NAPA19 207-7128-01
78 206-8027 206-8079 206-1038 206-3024 202-8037 207-8220
79 206-1030-01 206-8410 206-1036-01 206-8496-01 207-8182 207-8198
80 NAPI1105/01 206-1041-02  206-1040 206-8496 207-6118 207-1026
81 NAPI111 206-8462 206-1038-01 206-8443-01 207-6119 207-8112-01
82 206-4060 206-8028 206-8415-01 206-8452-01 207-6114 207-8110
83 NAPC156 207-8292 206-1016 206-8426 207-6172 207-6122-01
84 NAPI115 206-8234 206-8276-02 206-8422-01 207-8130 207-8149-02
85 198-8357-01 206-8088 206-3024 206-8430 207-6134 207-7128
86 206-8453-01 206-8051 206-1030-01 206-8477 207-8136 207-8148-01
87 206-8092 206-8045 206-1030-02 206-1024 207-6158 207-1024
88 206-8036 206-8096 206-1036-02 206-8444 207-6117 207-7130-02
89 206-8438 206-8281-01  206-1030 206-8420-01 207-1022 207-7132-01
90 206-8087 206-8460 206-1010-01 206-8452 207-8174 207-7126-02
91 206-8090 206-8049-02  206-1026 206-8440-01 207-6134-01 207-7130-01
92 206-8022 206-8075 206-1032 206-1028-01 207-6117-01 207-8149-03
93 206-8012 206-1034-01  206-1030-03 206-8450 207-6146 207-6135
94 206-8469 206-8449 206-8296-01 206-8472 207-6180 207-8138-03
95 206-8088 206-8030 206-8296 206-8448 207-8190 207-6142-01
96 206-8028 206-8456 206-8287 206-8465-01 207-6116 207-8230-01
97 206-8046 206-8469 206-8012 206-8470 NAH57/01 207-1024-01
98 206-8051 206-1034 206-8222 206-1044 NAH57 207-7132-02
99 206-1034 206-8046 206-8282 206-8461 207-6174-01 207-8158-01
100 206-8281-01 200-5514-20  200-5514-20 206-8442 207-6174 207-6135-01
101 206-8049 206-8092 206-8264-01 206-8457 207-6176-02 207-6112-01
102 206-8030 206-8412 206-8453 206-8434-01 207-6176-03 207-8230
103 206-1034-01 206-8493 206-8493-01 207-8290 207-8172 207-6144
104 206-8449 206-8093 206-8493 206-8473 207-8140 207-7126-03
105 206-8234 206-8493-02  206-8412 206-8474 207-6112 207-8512-01
106 206-8456 206-8488 206-8493-02 206-8416-01 207-6132 207-6182
107 206-8460 206-8412-01  206-8412-01 206-8443 207-6138 207-6138
108 206-1041-02 206-8036 206-8488 206-8478 207-8120 207-6132
109 206-8462 206-8438 206-8418 206-8416 NAP36A NAP36/01A
110 206-8045 206-8453-01  206-8275 206-8430-01 207-8120-01
111 206-8096 206-8064 206-8209-01 206-8468
112 207-8292 NAA56/01 206-8292 206-8424
113 206-8075 206-8009 206-8290 206-8434
114 206-8086 206-8086 NAA56/01 206-8440
115 206-8009 206-8090 206-8458
116 206-8064 198-8357-01
117 NAAS56/01 206-1004
118 200-5514-40
119 206-8465
120 206-8483-01
121 206-8422
122 206-8483
123 206-8414-01
124 176-1129-01
125 206-8453
126 206-8464-01
127 206-8482-01
128 206-8492
129 206-8409
130 206-8482
131 206-8492-01
132 206-8490
133 NAA56/01
134 206-8464
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APPENDIX E 1 Description of Electronic Files

The electronidiles used in this analysisp@ind on DalSpace (dalspace.library.dal.ca), corken

simulation, experiment resul@nd othef i | es used in this research. The
instructions on how to operate the simulation and observe the ré&adtsfolder applies toarticular

aspect in the document as summarized below

SimPy Simulation:

IntheA Si mul ati onUlGabnt r ol . x| s mo
To enable a particular stock point tHenablestock point” title should be &se 0.
To enable some random interference in component ptioduset théi Bable productiointerferencé
title to one.
Parameters to sét applicablg:
1 Semifinished inventory
1 Component Inventory
9 Production Interference
After running the simulation, back i nltdoitke A" Si mul a
simulation recorded and logged for analysis.

Experiment Responses:

The folderswithin "Experiment Responsesbntain the esults of experimentiscussedn Chapter 6.
Stocking experiments for each model, MTO, MCTS, MSFTS, MTS reflect thimatives described in
Sections 6.16.2, 6.3and 6.4, respectively. The remainifodders examine a particulparameter bthe
simulation modehsdiscussed irgection 6.5.

Job Release Sequence for MTO:

In the folder "Job Release Sequence for MTCgtehare three files:
9 Job Data.accdb (Microsoft Access 2007 Database)
9 Job List Sort.xlsm (Microsoft Excel 2007 Madimabled Spreadsheet)
1 Job Makespan.xlsm (Microsoft Excel 2007 Maénaabled Spreadsheet)
The results obach randomroduct makespais in "Job Makespan Times and Data.xIsx"
These files apply to section 4.2 of the thesis and the process consists of two parts:
1) Generate a random sequence
2) Evaluate the Makespan of that sequence

Support Programs:

Setup files, either opesource or licensefbr academic use, included in this folder run the programs and
addins necessary (with the exception of Microdestcel 2007)
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APPENDIX F i Setting Simulation Parameters Example

Semi-Finished | tory P ters (r, Q)
Enable Stock Point 1 Up-to Level: 0
Level: 5 2 Export Stock Levels to Simulation
Demand Based: 0 0
Timeframe: 60 45
Product D d Rate | Re-Order point| Order Quantity Simulation Parameters
1 0.06711 3 2
2 0.113795 5 2 Model: 4 *Based on Stock Points
3 0.134893 5 2 Design Point: 1 *Optional
4 0.065631 5 2 Simulation Length: 5000 Hours
5 0.075814 3 2 Warm-up Time: 100 Hours
6 0.087139 5 2 SF Order Up-to: 0 1=Enabled
Noise: 0 1=Enabled
Comp y ers (r, Q)
Enable Stock Point 1 ‘
Demand Based Parameters (Top Level Components)
Not Applicable for Semi-Finished Stock CSL Time (Days)
Component Re-Order Order Qty Re-Order: 0.95 27
Top Level Batched Batched Order Qty: 0.95 17
Other Batched Batched
Either 'Demand Based' or 'Batched' Batching Policies (Number of Batches to Stock)
Component Parameters Top Level Other
Re-Order: 1 0
Order Qty: 1 1
P — Max(Demand in (CSL, T), | Max(Top Level
Max( SF Qty * Qty per)) | Order Qty)
(CSL, T) = 0.95 5
Component Semi-Finished
Re-OrdeOrder Qty Initial Product [Re-OrdeOrder Qty Initial
176-1129-01 12 12 19 1 5 2 6
183-6058 0 2 2 2 5 2 7
183-6059 2 2 4 3 5 2 6
184-6129-01 4 4 6 4 5 2 6
198-8357-01 0 32 1 5 5 2 7
200-5503-16 2 2 3 6 5 2 7
200-5514-20 4 4 6
200-5514-40 2 2 4
200-5515-12 2 2 4
202-8037 2 2 3
203-6016 2 2 4
203-6016-FH 0 2 1
203-6098 4 4 5
206-1004 0 32 29
206-1010-01 0 32 14
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