Contents

1 Introduction ............ooiiiiiiiiiii 1
0 (115 o 1
1.2 A Manufacturing Control Model ..............ccooooiiiiiiiiiin, 5
1.3 BOOK Layout ...oouuiiiiineiiii it e e 10
References .......ouuuiiiiiii i 15

Part A Fundamentals of Manufacturing Control

2 Logistic Objectives .............oooiiiiiiiiiiiii i 19
2.1 Logistic Performance ...............oooiiiiiiiiiiiiiiiiiiiiiiiaaa, 20
2.1.1 Delivery TIMe ...vuiiiiiietiiie i i iee i 20

2.1.2 Delivery Lateness and Delivery Reliability ................... 24

2.1.3 Service Level ..o 27

2.1.4 Throughput Time ...........ccooiiiiiiiiiiiiii i, 29

2.1.5 Lateness and Schedule Reliability ............................. 29

2.2 LO@IStIC COSES  utttite et et etiie ettt e eiaeeeeaneaeas 33
2.2.1 INVENOTIES  ...uutt ittt e 33

2.2.2 Output Rate and Utilization ..................cccciiiiiiiaa... 36

2.2.3 Delay COStS  ..uneiuneettie et 37
References .........uuiiiiiiiii 38

3 Modeling the Logistic Objectives ....................cooiiviiiiiniiin.. 41
3.1 Modeling the External Logistic Objectives ...........ccccvvevuunnnnn. 42
3.1.1 Delivery TIme .....viiiiiiiiii i 42

3.1.2 Delivery Lateness and Delivery Reliability ................... 45

3.1.3 Service Level ... 49

3.2 Modeling the Internal Logistic Objectives ............cccovvviunnnnnn. 52
3.2.1 Funnel Model and Throughput Diagram ...................... 52

3.2.2 Logistic Operating CUurves ...........c.c.c.eiiiveeeeieennnnnnnn.. 62

Xiii



Xiv

Contents
3.3 Conclusions from the Modeling ............coooiiiiiiiiiiiiiiinaa.. 78
3.3.1 Correlations Between the Logistic Objectives ................ 78
3.3.2 Guiding Principles for Designing Manufacturing
Control Methods ........oooiiiiiiiii i 81
References .......uuuuiiiiii i 84
Production Planning Tasks .............c.. oo 85
4.1 Key Tasks of Production Planning .......................oooooia. 85
4.1.1 Production Program Planning ...................c.ll 86
4.1.2 Production Requirements Planning ........................oo. 88
4.1.3 In-House Production Planning ...............c.cooveiiiniaenn. 92
4.2 Cross-Sectional Tasks of Production Planning and Control ........ 95
4.2.1 Order Coordination ...........oeeeuiieeiunneeeinnneeinnneeennn. 96
4.2.2 SEOTAZE ..ottt 96
4.2.3 PPC MONIOTING . .uuuuttniiitiiieeeeeeeeeeeeeeannn, 96
References .......ouuuiiiiii i 97
Key Manufacturing Characteristics .......................oooiiii 99
5.1 Manufacturing Principles ..........ccccooiiiiiiiiiiiiiiiiiiiiiin. 99
5.2 Types of Production .............cooiiiiiiiiiiiiiiiiiiiiiiiiiaa e, 101
53 Part FIOW oo 102
5.3.1 Lot-Wise Transportation ...........c.coeeevieeeeinneeennnneenns 102
5.3.2 One-Piece Flow ...t 103
5.3.3 Overlapped Manufacturing ............ccovviiiiiiiiiinnnaen. 105
5.3.4 Batch Production ...............ooiiiiiiiiiiiiiiiiiiiiiii, 106
5.4 Number of Variants ............oooiiiiiiiiiiiiiniiiiiiiiiiiaeeeas 107
5.5 Complexity of the Material Flow ..............ccoooiiiiiiiiin. 108
5.6 Fluctuations in Customer Demands and Capacity
Requirements .........ooooiuiiiiiiiiiiiii i e 109
References ......couuiiiiniiiiii 110
Supply Chain Management (SCM) ..............cciiiiiiiiiinnnnnn.. 113
6.1 Definition .......ooiiiiiiiiiii e 113
6.2 Bullwhip Effect ... ..o 114
6.2.1 Clarification and ConsequUenCes .............ceeuieeeennaeenn. 115
0.2.2 CAUSES oottt et ettt e 116
6.2.3 Counter-Meastres ............oeeeeeeeeuuunineeeeeeennnnnnnnnn. 124
6.3 Methods  ..ooee e 130
6.3.1 Fundamental Principles ...........cccooiiiiiiiiiiiiiiinnaa.n. 130
6.3.2 Vendor Managed Inventories ...........c...ooeeiiviiinnnaenn. 133

6.3.3 Collaborative Planning, Forecasting and Replenishment .... 134
References ... 135



Contents XV

Part B Methods for Generating Orders

7 Fundamentals of Generating Orders ......................coooinie 139
7.1 Type of TrigEer ...ooeiiiiiiii i 140
7.1.1 Make-to-Order Productions ................cccooiiiiiiiiiieen. 140
7.1.2 Make-to-Stock Productions ...............cccooiiiiiiiiiit 142
7.2 Scope of the Order Generation .................cooeiiiiiiiinnneees 143
7.2.1 Single-Level Order Generation ..............ccoovvveinnee.. 144
7.2.2 Multi-level Order Generation ...............ccuiiieeeaan. 144
7.3 Trig@er LOZIC ...ttt 147
7.3.1 Periodic Order Generation ................ceeeeeuuuianeeeeenns 147
7.3.2 Event Oriented Order Generation ...............cooevveeeeen. 147
7.4 Classifying Methods for Generating Orders ........................ 148
7.5 Considering Lot SIiZes .......cooiiiiiiiiiiiiiiiiiiiiiiiiiiiin. 149
7.6 Considering Capacity Restrictions ..............cccoiiiiiiiiniii.t 150
References ..o 152
8 Order Point System ................. 153
8.1 Process Description ...........oceuuiiiiuiiiiiiiiniiiieeeiineeenn. 153
8.1.1 Basic SyStem .......oooiiiiiiiii 154
8.1.2 Period Batch System ...........ccovviiiiiiiiiiiiiiiiiiiiin 158
8.1.3 Order Point System with Variable Lot Sizes for Orders .... 159
8.1.4 Order Point System with Reserved Stock .................... 160
8.2 Discussion of the Procedural Rules ................................ 161
8.3 Determining the System Parameters ........................oo. ... 163
8.3.1 Safety-Stock .....ooiiiii 164
8.3.2 Replenishment Time ...........ccooviiiiiiiiiinniiiinniennnns 170
8.3.3 Parameters Dependent on the Output Lot Size ............... 171
8.3.4 Order Lot Size ....viiiiiiiii e 172
8.3.5 Parameters for the Period Batch System ..................... 174
8.3.6 Dynamically Adjusting Method Parameters ................. 175
8.4 Implementing the Order Point System Across the Supply Chain ... 176
8.5 APPLCAION ..ttt 177
8.5.1 Case Study: Applying the Order Point System
in a Mechanical Engineering Firm ........................... 178
8.5.2 Implementing the Order Point System Without EDP ........ 180
References ..o 181
9 Kanban ... 183
9.1 Method Description ............cooiiiiiiiiiiiiiiiiiiiiiiiiiianaeaaes 184
9.1.1 One-Card-Kanban ...........ccoooiiiiiiiiiiiiiiiiiiiiiinnae.. 184
9.1.2 Two-Card-Kanban ..............coooooiiiiiiiiiiiii. 188
9.1.3 Visual Kanban .............ooooooiiiiiiiiiiiiinnnn 190
9.14 BinKanban ... 190

9.1.5 Minimal Blocking ..............ooo 192



XVi

10

11

12

13

Contents
9.2 Comparison of Kanban and the Order Point System ............... 196
9.3 Discussion of the Procedural Rules ...................ooooiiiit. 197
9.4 Pull Principle Versus Bring Principle ......................L 200
9.5 Setting the Method’s Parameters ...................ooiiiiiiiaae. 201
9.5.1 Lot Size and Bin Contents ...........cccooiiiiiiiiiininnnnn... 201
9.5.2 Number of Kanbans ............cccooiiiiiiiiiiiiiiiiiiin. .. 205
9.6 Implementing Kanbans Across the Supply Chain .................. 210
9.7 APPHCAION ...ttt 214
References ........uuiiiiii i e 215
Capacity Oriented Materials Management ........................... 217
10.1 Method DesCription ........ccuuiveiiuieeeiiieeeiiineeiineeennnnns 217
10.2 Discussion of the Procedural Rules ..................c.cooiit 224
10.3 Setting the Method’s Parameters ...............c...oeiiiiiinn... 226
10.4 Implementing CORMA Across the Supply Chain ................ 227
10.5 Application  ......oooiuiniii it 227
References ........uuiiiiiii i e 227
Synchro MRP ... 229
11.1 Method Description .............c.eeueiiiiiiiiiiiiiiiiiieieeeeennn. 229
11.2 Discussion of the Procedural Rules .......................oooo. 234
11.3 Setting the Method’s Parameters ................ccoovvviiiinnennn.. 236
11.4 Implementing Synchro MRP Across the Supply Chain .......... 236
L TN o] o) 1 1e7: 1510 o 237
References ........uuiiiiiii i 237
Hybrid Kanban/CONWIP Control ...........................oonel. 239
12.1 Method DesCription ........couuiveiiiieeeiiieeiiiieeeiineeennnnns 240
12.2 Discussion of the Procedural Rules ..................c.cooii. 243
12.3 Setting the Method’s Parameters ...............c...oiiiiiiinnn... 248
12.3.1 Number of Conventional Kanbans ........................ 248
12.3.2 Number of Finished Goods Kanbans ..................... 249
12.4 Implementation Across the Supply Chain ........................ 252
References .....couuuiiiiiiii i 253
Cumulative Production Figures .................... ... .. 255
13.1 Method Description  .........coeeiiiiiiiiieiiiiiiiiiiie e 256
13.1.1 Definition of Cumulative Production Figures ............. 256

13.1.2 Production Program and Material Requirements
Planning ......oooiiii 258

13.1.3 Estimating the Capacity Requirements Based

on Planned Cumulative Production Figures .............. 262

13.1.4 Production Control with Cumulative Production
Figures ......oiiii 262

13.1.5 EXample ..o 265



Contents Xvii

14

15

13.2 Discussion of the Procedural Rules ..................c...ooooi.t 273
13.3 Setting the Method’s Parameters .................ccooooiiiiiiiiie 275
13.4 Implementation Across the Supply Chain ........................ 278
13.5 Application ... 279
References .......uuuiiiiii i e 279
Base Stock ... 281
14.1 Method DesCription ............ccooiiiiiiiiiiiiiiiiiiniiinaeeeees 281
14.2 Discussion of the Procedural Rules .....................ccooeeee 285
14.3 Setting the Method’s Parameters .............cccoovviiiviiinnnn.. 288

14.3.1 Planned Stock Levels ........covviiiiiiiiiiiiiiiiniiinnn.s 289

14.3.2 Base StOCKS ....viiiiiiiiiiiiii e 290
14.4 Implementation Across the Supply Chain ........................ 294
14.5 ApPLCAtion .......coiiiiiiiiiiiii i e 294
S5 (5] (38167 294
Production Authorization Cards .............................cooenn... 295
15.1 Method DesCription ............ccooiiiiiiiiiiiiiiiiiiniiinaneeens 295
ReferenCe ..ot e 302

Part C Methods for Releasing Orders

16

17

Fundamentals of Order Release .................................... 305
LS B 5 ) - 305
16.1.1 Immediate Order Release ............c...ccoiiiiiiiiit 306
16.1.2 Due Date Based Order Release ........................... 306
16.1.3 WIP Regulating Order Release ................cccouuian. 308
16.1.4 Order Release with a Workstation Specific
Load Balance ...........ccccoiiiiiiiiiiiiiiiiiii 312
16.2 Degree of Detail .........ooiiiiiiiiiiiiiii it 314
16.3 Trigger LOZIC ..oviiiiiiiie et 316
16.4 Classifying Order Release Methods ................ooooiiiiiinn. 318
References ........uuiiiiiii i e 319
Due Date Based Order Release ...........................ooooiia.. 321
17.1 Method Description .............cooiiiiiiiiiiiiiiiiiiniiinaaeeae 321
17.2 Discussion of the Procedural Rules .........................o.. 324
17.3 Setting the Method’s Parameters ................ccovvvviiinneenn.. 326
RN o) o) 1o 15 10 o 326
17.4.1 Manufacturing Control at Circuit Boards Ltd ............ 326
17.4.2 Case Study AnalysiS ...........ccooiiiiiiiiiiiiiinnnnn... 329
17.4.3 Deriving Measures for Improvement ..................... 331

R ereNCES oottt s 333



Xviii

18

19

20

21

Contents

Constant Work in Process .................ccoiiiiiiiiiniiiiiiiiiiann... 335
18.1 Method DesCription ............ccoeiiiiiiiiiniiiiiiiiniiinaneen 335
18.2 Discussion of the Procedural Rules ....................c..oooaa.. 339
18.3 Setting the Method’s Parameters ..................ooooviiiiiiian. 341
18.3.1 Number of CONWIP Cards (Operational Method) ....... 341
18.3.2 Number of CONWIP Cards (Model Based Procedure) ... 343
18.3.3 Advance Release Window ............ccoivviiiiniiinnnn. 344

18.4 Implementation Across the Supply Chain ........................ 345
18.5 AppPlication .......couuuuiiii i e 345
LSS =) (38167 346
Bottleneck Control ................ ... 347
19.1 Method DesCription ............ccoeiiiiiiiiiniiiiiiiiniiinaeeen 348
19.1.1 Basic Method .........c.coiiiiiiiiiiiiiiiie i 348
19.1.2 Bottleneck Control with Multiple Bottlenecks ............ 349
19.1.3 Starvation Avoidance .............c.coeeeiiiieeeiiineeennnnns 351

19.2 Discussion of the Procedural Rules ..................c..coooi.. 352
19.3 Setting the Method’s Parameters .................ccooooiiiiiiiiie 355
19.3.1 Basic Method .........c.coiiiiiiiiiiiiiiii i 356
19.3.2 Starvation Avoidance .............c.coeeeiiiiiiiiiineiiinnns 357

19.4 Implementation Across the Supply Chain ........................ 358
19.5 ApPpPlcation ......couuiiiiiieit i 358
19.6 Exkursus: Theory of Constraints .............ceeiveeiiineeennnn.s 359
ReferenCes . ...ooeiiiii e 363
Workload Control ... i 365
20.1 Method DesCription ........ceuuieiiiiieeiiiieeeiineeiiineeennns 366
20.1.1 Basic Method ........coviiiiiiiiiii i 366
20.1.2 Method Variations ...........ccceoviiiiiiieiiieniiennnnennns 370

20.2 Discussion of the Procedural Rules ............................... 373
20.3 Setting the Method’s Parameters .................ccccooiiiiiiii. 375
20.4 Implementation Across the Supply Chain ........................ 380
20.5 APPLCALION ...ttt ittt e 380
ReferenCes . ..o.iieiiii e 381
Load Oriented Order Release .....................ccoiiiiiiiiiiinnnn.. 383
21.1 Method DeSCription ...........oeeeeiiiiiiiieeeiiiiiiiiiiinaaeaaes 384
21.2 Discussion of the Procedural Rules ..................c.ooint 388
21.3 Setting the Method’s Parameters ..............ccoovviiiiniiinnnn.. 391
21.3.1 Advance Release Window ............cccoviiiiiiinnnann., 392
21.3.2 Discounting Factor .............ccooiiiiiiiiiiiiiiii, 393
21.3.3 WIP LAMIt ..ttt i ie e e eiie e 394
21.3.4 Setting the Discounting Factor According to Bechte ..... 397

21.3.5 Emulating Other Manufacturing Control Methods
by Setting the Parameters .....................ooiiin 398



Contents XixX

22

23

24

21.4 Implementation Across the Supply Chain ........................ 399
21.5 APPLCAtiON  .....oiiiiiiiiii e 399
LSS (=) (38167 400
Order Release with Linear Programming ............................ 403
22.1 Method DesCription ........ceuuiviiiiieeiiiieeeiineeniineennnanns 403
22.2 Discussion of the Procedural Rules ......................oi 408
22.3 Setting the Method’s Parameters ..............cc.oooiiiiiiinnn.. 411
22.3.1 Planned WIP for the Workstations ........................ 412
22.3.2 Weighting Factor for Underload and Overload ........... 412
22.3.3 Definition of the Weight Function ........................ 413
22.3.4 Upper and Lower Limits for the Work Content
to be Released for the Entire Production ................. 415
22.3.5 Upper Limit for the Work Content to be Released
for Individual Workstations ..............cceeeiiiveinnnn.. 417
22.4 Implementation Across the Supply Chain ........................ 418
22.5 APPLCAtION ...ttt ettt 418
References .....couuuiiiiiii i 418
POLCA Control ... 419
23.1 Method DesCription ............oeieiiiiiiiiineeeieiiiiiiiinaaeaaes 420
23.2 Discussion of the Procedural Rules ......................oiiie 424
23.3 Setting the Method’s Parameters ..............ccoovvviiiiviinnnn.. 426
23.3.1 Number of POLCA Cards ...........cooiviiiiiiiiinnnn... 427
23.3.2 Release Date .......cooiviiiiiiiiiiiii i 431
23.4 Implementation Across the Supply Chain ........................ 432
G T TIVAN o] o) 1o7: 15 10 o 432
References .......ouuiiiiiii i e 433
Decentralized WIP Oriented Manufacturing Control .............. 435
24.1 Method DesCription ............oeieiiiiiiiiieeeeieiiiiiiiiaaaeaans 435
24.1.1 Basic Method ..ot 435
24.1.2 WIP Regulated Throughput Control ...................... 442
24.2 Discussion of the Procedural Rules ..................c.cooiii. 443
24.3 Setting the Method’s Parameters ...............c...ccoiiiiiiinn... 445
24.3.1 WIP LImits ....ooiiiiiiiiii i 445
24.3.2 Position Numbers ............ooeeiiiiiiiiiiiieiiiiinnnnnn.. 449
24.4 Implementation Across the Supply Chain ........................ 451
2 S TIAN o] o) 117 15 10 o 451

References ......o.oiuiiiii i s 451



XX Contents

Part D Sequencing

25 SeqUeNCING ...
25.1 Sequencing Rules for Increasing the Delivery Reliability ........
25.1.1 First In — First Out (FIFO) ........cooiiiiiiiiiiiiin...
25.1.2 Earliest Planned Start Date (ESD) ........................
25.1.3 Earliest-Operation-Due-Date (EODD) ....................
25.1.4 Least Slack .ooouiiiiii e

25.2 Sequencing Rules for Increasing the Service Level ..............
25.3 Sequencing Rules for Increasing the Output Rate ................
25.3.1 Setup Time Optimizing Sequencing ......................
25.3.2 Extended Work in Next Queue (XWINQ) ................

25.4 Shortest Processing Time (SPT) ...t
25.5 Sequencing Compliance .............coeeuuiiiiiiiiiiiiiiiiianeaans
References ...

Part E Controlling Capacities

26 Fundamentals of Capacity Control ....................................
26.1 Characteristics for Classifying Capacity Controls ................
26.1.1 Criteria ....oveeuniee ittt e
26.1.2 Degree of Detail ..........coviiiiiiiiiiiiiiniiiiineiin.s
26.1.3 Trigger LogiC .oovuiiiiiii it i

26.2 Capacity Flexibility ........ooiiiiiiiiiiii it
26.2.1 Definitions and Fundamentals .......................... ...
26.2.2 Flexibility of Machinery Capacities .......................
26.2.3 Flexibility of Workforce Capacities .......................
26.2.4 Resulting Capacity Flexibility of a Production ...........

26.3 Principles of Capacity Control .............cooeiiiiiiiiiniiinnnn..
26.4 Employee AlOCAtion ...........oveiiiieiiiiieiiiiineeiiineeennes
26.4.1 Criteria for Allocating Employees ........................
26.4.2 Trigger LOogiC ...oooviiiniiii i
26.4.3 Locality of the Employee Allocation .....................
References .......ouuiiiiiii i e

27 Backlog Control .......... ...
27.1 Method DesCription .......ccouuieiiiiieeiiie i iiineeennnes
27.2 Measuring the Backlog ..........cooiiiiiiiiiiiiiii i

27.2.1 Method Independent Fundamentals of Measuring
the Backlog .......oviiiiiiiii
27.2.2 Method Dependent Backlog Measurement ...............



Contents XX1

28

27.3 Selecting MEASUTES  ...eevueeirneetiiaeetiiieeeeiieeeeiineeeanns 501
27.3.1 Determining the Duration and Magnitude
of the Capacity Adjustment ..............cccoiiveieiiinnn. 501
27.3.2 Deriving Measures for Adjusting Capacities ............. 504
27.4 Discussion of the Procedural Rules .....................oii 505
27.5 Setting the Method’s Parameters ..............cccoovviiiiniiinnnn.. 507
AN o] o) £ 1% 15 10 o 507
References ..........iiiiiiiii e 509
Further Methods for Controlling Capacity ........................... 511
28.1 Plan Oriented Capacity Control ...............ccovivviiiiniiinnnn.. 511
28.1.1 Method Description  ..........cceviveeiiinieiiinneennnnens 512
28.1.2 Discussion of the Procedural Rules ....................... 514
28.1.3 Application ........c..iiiiiiii e 514
28.2 Due Date Oriented Capacity Control ..............cccooiiiiae.... 514
28.2.1 Method Description  ...........cceeeiiiiiineeeeeeeennnnnnn. 515
28.2.2 Discussion of the Procedural Rules ....................... 519
28.2.3 Comparison with the Backlog Control .................... 520
28.2.4 Determining the Lateness Limits ................ccooo.e 521
28.2.5 Application ..........oiiiiiiii 522
28.3 Output Rate Maximizing Capacity Control ....................... 522
28.3.1 Method Description  ..........covviiiieeiiiineeiiineennnnnns 523
28.3.2 Discussion of the Procedural Rules ....................... 527
28.4 Inventory Based Capacity Control (INCAP) ...................... 529
28.4.1 Method Description ...........cceeeiiuiinieeeeeeinnnnnnn. 530
28.4.2 Discussion of the Procedural Rules ....................... 533
28.4.3 APPLCAtION  ..iitnt ettt 534
References ......oouuiiiiiii i e 535

Part F Configuring the Manufacturing Control

29

Configuring the Manufacturing Control .............................. 539
29.1 INtroduction ............eeeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiia, 540
29.2 Selecting an Order Generation Method ....................... ... 541
29.3 Selecting an Order Release Method ..........................o.. 543
29.3.1 Selecting a Method Class ........ccccovviiiiiiiiiiiiin.... 544
29.3.2 Selecting a Method ........ccooviiiiiiiiiiiniiiiin i 547
29.3.3 Combinations of Methods for Releasing Orders .......... 548
29.4 Selecting Sequencing Rules ... 549
29.5 Selecting a Capacity Control Method ............................. 551
Available Capacity Flexibility ..............oooiiiiiiiiiiiiiiiii.. 552
No Capacity Flexibility ..........ccooiiiiiiiiiiiiiiiiiiiii e, 552

Temporary Capacity Flexibility .............cccooiiiiiiiiiii 553



Xxii

Contents

29.6 Case StUdIeS ........eeiiiiiiiiiiiii 553

29.6.1 Manufacturing Control in a Make-to-Stock Production .. 553

29.6.2 Manufacturing Control in a Mixed Production ........... 558
29.6.3 Manufacturing Control in a High Volume

Make-to-Stock Production ...t 563

29.7 Implementing a Configuration ...........c.ccoveeiiineeiiineennnnnns 567

29.8 ConClUSION ....uuuiiiiiiii 570

References ..........ooooiiiiiiiiiiiiiiiii 571



2 Springer
http://www.springer.com/978-3-642-24457-5

Handbook of Manufacturing Control
Fundamentals, description, configuration
Lédding, H.

2013, XXV, 577 p., Hardcowver

ISBN: @78-3-642-24457-5



