
Table of contents 

1  New ways for the effective factory......................................................  1 
1.1  Requirements for tomorrow’s manufacturing.............................  1 
1.2  Production structures ..................................................................  4 

1.2.1  Orientation towards metrics ...........................................  4 
1.2.2  Control methods .............................................................  5 
1.2.3  Combinations of production structure 

and control method.........................................................  7 
1.2.4  Weaknesses in traditional PPS systems..........................  7 
1.2.5  Function levels ...............................................................  8 
1.2.6  Types of production .......................................................  10 

1.3  Classic IT support in production ................................................  11 
1.4  Manufacturing Execution Systems (MES) .................................  13 

1.4.1  Emergence of the MES concept .....................................  13 
1.4.2  Current standards ...........................................................  17 
1.4.3  The ideal MES................................................................  23 
1.4.4  Technical requirements ..................................................  27 

1.5  Vertical and horizontal integration .............................................  29 
1.6  Use of an MES system in the company ......................................  34 

1.6.1  Organizational requirements ..........................................  34 
1.6.2  Technical requirements ..................................................  34 
1.6.3  Economic efficiency.......................................................  34 
1.6.4  Support for CIP and current certifications .....................  35 
1.6.5  Definition and tracking of objectives .............................  36 

1.7  Practical examples of potential benefits .....................................  37 

2  MES for process capability .................................................................  41 
2.1  Economic efficiency as a process property.................................  41 

2.1.1  The process-oriented approach 
of ISO 9001/TS 16949 ...................................................  42 

2.1.2  The process potential in figures .....................................  43 
2.2  The process capability of the organization .................................  44 

2.2.1  Identification of systematic errors..................................  45 
2.2.2  Systematic failure processing.........................................  46 
2.2.3  Tracking corrective action..............................................  47 



VIII Table of contents 

2.3  Process capability in collaboration.............................................. 48 
2.3.1  Wasted work ................................................................... 48 
2.3.2  Operational target agreements ........................................ 50 

2.4  Process capability of information flows ...................................... 50 
2.4.1  The company as a paper factory ..................................... 51 
2.4.2  Interfaces without value generation ................................ 51 
2.4.3  The way to paperless production .................................... 52 

2.5  The process capability of flow control ........................................ 54 
2.5.1  Deterministic control....................................................... 54 
2.5.2  Control with feedback (closed-loop control) .................. 55 

2.6  Summary ..................................................................................... 58 
Literature ................................................................................................ 60 

3  Added value from software.................................................................. 61 
3.1  The company as information system........................................... 61 

3.1.1  Information as a production factor.................................. 61 
3.1.2  Re-engineering and integration....................................... 62 
3.1.3  Information processing in production ............................. 63 
3.1.4  Machines as information-processing systems................. 64 

3.2  MES in the capital goods industry .............................................. 65 
3.2.1  Characteristics of the capital goods industry .................. 65 
3.2.2  MES in the IT software landscape .................................. 66 
3.2.3  MES in the technology life cycle .................................... 67 
3.2.4  MES as seen by the user ................................................. 69 
3.2.5  MES as seen by the market ............................................. 70 

3.3  Preparations for MES-implementation........................................ 71 
3.3.1  Identification of objectives ............................................. 72 
3.3.2  Systematic process development..................................... 72 
3.3.3  Estimation of a return on investment .............................. 73 
3.3.4  System tuning.................................................................. 74 
3.3.5  Introduction of MES in the company.............................. 75 
3.3.6  Operation of the MES solution ....................................... 76 

3.4  Innovative technologies in the MES environment ...................... 76 
3.4.1  The digitized factory ....................................................... 76 
3.4.2  The digital factory........................................................... 77 
3.4.3  The factory with real-time capability .............................. 78 

4  MES: the new class of IT applications................................................ 81 
4.1  Introduction and motivation ........................................................ 81 
4.2  The current situation in the manufacturing company.................. 82 

4.2.1  Tools and systems for the operative level ....................... 82 
4.2.2  Manual information procurement and other tools........... 84 
4.2.3  Problems in bringing together the data ........................... 86 

4.3  The situation as it ought to be ..................................................... 86 
4.3.1  Gapless automated data acquisition ................................ 87 
4.3.2  The information point for production ............................. 88 



 Table of contents IX 

4.3.3  The concept of the “manufacturing cockpit” .................  89 
4.3.4  Escalation management and workflow...........................  95 

4.4  Outlook and further development of MES systems....................  97 
Literature................................................................................................  98 

5  Building an MES system .....................................................................  99 
5.1  Software architecture of an MES system....................................  100 

5.1.1  Basic functions ...............................................................  101 
5.1.2  Data layer .......................................................................  103 
5.1.3  Application layer: business objects and methods...........  104 
5.1.4  Process mapping.............................................................  105 
5.1.5  The advantages of ESA architecture 

for MES systems ............................................................  106 
5.2  Interfaces of an MES system ......................................................  107 

5.2.1  Interfaces with higher-level systems ..............................  108 
5.2.2  Interfaces for horizontal integration...............................  111 
5.2.3  Interfaces with production facilities ...............................  111 

5.3  User interfaces of an MES system..............................................  114 
5.3.1  Technologies for user interfaces ....................................  114 
5.3.2  User interfaces for configuration, monitoring 

and reporting ..................................................................  115 
5.3.3  User interfaces for data collection..................................  116 

5.4  Outlook .......................................................................................  117 

6  Integrated production management with MES.................................  119 
6.1  MES systems make production management possible ...............  119 
6.2  The MES model..........................................................................  119 
6.3  Data analysis: information in an MES system............................  121 
6.4  Operating resources: machine or installation section .................  122 

6.4.1  Order/operation ..............................................................  123 
6.4.2  Material ..........................................................................  123 
6.4.3  Resources and production tools .....................................  124 
6.4.4  Process values ................................................................  124 
6.4.5  Personnel ........................................................................  125 
6.4.6  Inspection and testing characteristic...............................  125 

6.5  MES data acquisition functionality ............................................  126 
6.5.1  Data acquisition terminal equipment..............................  127 
6.5.2  Information for the worker.............................................  129 
6.5.3  Modularity supports the diversity of data 

acquisition dialogs..........................................................  131 
6.5.4  Plausibility in the data acquisition process.....................  132 
6.5.5  Which interfaces with the process are best used? ..........  133 
6.5.6  Data correction in the MES system................................  134 
6.5.7  Availability and reliability of the MES system ..............  134 



X Table of contents 

6.6  MES information for production management............................ 135 
6.6.1  Transparency due to MES actuality ................................ 136 
6.6.2  User-focused analyses..................................................... 137 
6.6.3  Production-related target definition ................................ 138 

Literature ................................................................................................ 139 

7  Detailed planning and control with MES ........................................... 141 
7.1  Overview and goals..................................................................... 141 

7.1.1  Incorporation of detailed planning and control............... 141 
7.1.2  Tasks of detailed planning and control ........................... 143 

7.2  Use of MES for detailed planning and control............................ 144 
7.2.1  Overview......................................................................... 144 
7.2.2  Dealing with primary capacities in MES ........................ 146 
7.2.3  Modeling the processes in the MES................................ 149 
7.2.4  Personnel: the especially valuable resource.................... 152 
7.2.5  Modeling technological aspects ...................................... 152 
7.2.6  Strategies for resource allocation.................................... 154 
7.2.7  Conflict resolution by simulation and optimization........ 156 
7.2.8  Monitoring order execution ............................................ 160 
7.2.9  Reactive planning with MES .......................................... 161 

7.3  Management of the means of production (resources) ................. 162 
7.3.1  Status management ......................................................... 164 
7.3.2  Anonymous and individualized resources ...................... 165 

7.4  Summary ..................................................................................... 166 

8  Quality assurance with MES ............................................................... 169 
8.1  Quality in practice ....................................................................... 169 
8.2  Planned quality............................................................................ 170 

8.2.1  Quality master data in an MES ....................................... 171 
8.2.2  Proactive defect prevention with FMEA ........................ 172 
8.2.3  Inspection and testing planning: the foundations 

of product quality............................................................ 172 
8.2.4  Inspection equipment: reducing measurement 

uncertainties .................................................................... 175 
8.2.5  Supplier rating: optimizing the procurement process ..... 176 
8.2.6  Setting up workflows with escalation scenarios ............. 177 
8.2.7  Quality planning within production preparation............. 178 

8.3  Integrated quality......................................................................... 180 
8.3.1  Quality via information management.............................. 181 
8.3.2  Securing supplier quality ................................................ 181 
8.3.3  In-process quality assurance ........................................... 182 
8.3.4  Optimization of inspection equipment monitoring ......... 183 
8.3.5  Transparent complaints management.............................. 184 



 Table of contents XI 

8.4  Documented quality....................................................................  185 
8.4.1  Networking of information ............................................  186 
8.4.2  Using quality data appropriately ....................................  187 
8.4.3  Traceability ....................................................................  190 

8.5  Analyzed and evaluated quality..................................................  192 
8.5.1  Potential for improvement in production .......................  193 
8.5.2  Learning from complaints ..............................................  194 
8.5.3  Six Sigma: putting a stop to waste .................................  195 
8.5.4  Quality information: added value in the MES................  196 

9  Personnel management with MES .....................................................  199 
9.1  Overview ....................................................................................  199 
9.2  Staff work time logging..............................................................  200 

9.2.1  Tasks of staff work time logging....................................  200 
9.2.2  Time management in the MES or ERP system ..............  201 
9.2.3  Flexibilizing work hours ................................................  202 

9.3  Motivation and personnel management......................................  204 
9.3.1  Performance- and bonus-based wages ...........................  204 
9.3.2  Employee qualifications .................................................  206 

9.4  Short-term manpower planning ..................................................  206 
9.4.1  Vacation and shift planning ...........................................  207 
9.4.2  Checking labor capacities during detailed planning.......  208 
9.4.3  Allocating employees to work centers ...........................  209 

9.5  Security in the manufacturing company .....................................  210 
9.6  Outlook .......................................................................................  211 
Literature................................................................................................  212 

10  MES with SAP......................................................................................  213 
10.1  Motives .......................................................................................  213 
10.2  Integration of the MES into the SAP environment.....................  214 

10.2.1  Development of the MES in SAP history ......................  214 
10.2.2  Requirements for an MES in the SAP 

system environment........................................................  215 
10.2.3  Representation of levels in a manufacturing company...  216 
10.2.4  Corporate processes in mySAP ERP 

and the MES system.......................................................  217 
10.3  MES as an integrated solution in the SAP system......................  221 

10.3.1  Importance of SAP NetWeaver for integration 
of the MES .....................................................................  222 

10.3.2  Interfaces with mySAP ERP applications ......................  225 
10.3.3  Integration of MES functions via the SAP portal...........  228 

10.4  Support for SAP’s Adaptive Manufacturing initiative ...............  230 
10.4.1  Scalability of the MES solution .....................................  230 
10.4.2  MES for horizontal integration ......................................  231 



XII Table of contents 

10.4.3  Interfacing on the machine and control levels ................ 232 
10.4.4  Examples of the integration of MES and mySAP ERP .. 233 

10.5  Summary ..................................................................................... 239 

11  MES in plastics processing................................................................... 241 
11.1  Special features of the plastics industry ...................................... 241 
11.2  Usable MES modules .................................................................. 242 
11.3  Control station ............................................................................. 244 
11.4  Acquisition of machine and production data............................... 245 
11.5  Connecting the injection-molding machines ............................... 246 
11.6  Visualization and evaluation ....................................................... 247 
11.7  Connection between quality assurance and process data ............ 249 
11.8  Tool making ................................................................................ 250 

11.8.1  Using an MES system to monitor 
the maintenance intervals................................................ 250 

11.8.2  PDA and control station in tool making.......................... 251 
11.9  DNC, batch tracking and mandatory 

in-process documentation............................................................ 252 
11.10  Management Information System (MIS)..................................... 253 
11.11  Return on investment................................................................... 254 
11.12  Summary ..................................................................................... 256 

Abbreviations................................................................................................. 257 

Checklist ......................................................................................................... 259 
Preliminary note for the user .................................................................. 259 
General criteria ....................................................................................... 260 
System concept ....................................................................................... 260 
Production............................................................................................... 260 
Quality .................................................................................................... 261 
Personnel ................................................................................................ 261 
Data acquisition ...................................................................................... 262 
MES in the SAP environment ................................................................ 262 
Updating ................................................................................................. 263 

The authors .................................................................................................... 265 

Index ............................................................................................................... 271 
 
 
                            
 
 



http://www.springer.com/978-3-540-49743-1


