als rl L

_J /_.J__:l/[

RosSANA G. MOREIRA



Contents

Y

FOreword ...vucievrnnnanansnasonsossacancasnannsaneansassnsssssns serserecns ix
PreffiCe ...vvriennrsrnennreretnsntnnusisosansonsssnnsnosnsorsnnsasasaracnnan xi
Chapter 1—IntroduCHON .....cvvevvevrrenaninrarssesascacssonssnsssenens terasaes 1
The State of the Food Industry ........... ... ... it 1
Control Schemes in the Food Processing Industry ........................ 4
Automatic Control Strategies for the Food Industry .......... S R |
Future Trends . ... ..o oottt i 6
COonCIuSION ... iiir it it it e ia e e L7
Chapter 2—Fo00d Processing Systems . ... ...ocervretiiiiiiterecirssissssasssannns 9
Food EXtrusion Process. . ... ..o iiiiin it i ienan i innen e 9
Continuous Deep-Fat Frying Process ........ ... .cveriiiaiinnnian. 17
High-Capacity Continuous-Flow Grain-Drying Process .................... 21 -
Multi-Effect Evaporators .. ... ... . ittt it 24
Brew Kettle Operations .............o0vvveeernnnvenns PN 26
Pasteurization Systems .............cciiriennenirriiaians e, 28
Conclusion ................ e e 31
Chapter 3—Background .........cco0eeeesasaneanrersessnrrrsasssansenrsenss 34
Definitions of Basic Concepts .........ovriinnnnvnimrererrainiieaaaan 34
The Control Problem . ........c. ittt iienines 36
Laplace Transform . ... ..ottt i it ieien i eriannans 38
Block Diagram and Transfer Functions .. ......... ... .cvviiiviiiiiin 39
Closed-Loop and Feedback Control Systems ................. .. ...t 40
Open-Loop and Feedforward Control Systems .............ovivinninrnans 56
Closed-Control System Design for Linear SISO Systems .................. 66
Advanced Control . ... ... .. it ittt i, R 79
Conclusion ... ...ttt i e it i 86
Appendix 3-A: Laplace Transform . .............iiiiiiiiiiinia o 89
Appendix 3-B: Routh’s Stability Criterion ............... .. . ..., 97

Appendix 3—C: RoOtLOCUS ... ..ot i e 103



vi Avtomartic ConTroL FOR FooD PROCESSING SYSTEMS

Chapter 4—Process Dynamics Modeling .......ovvvevvvnrrrscrnrrrasssannsannans 106
‘ Types Of PTOCESSES . . ..o ottt i it i e 106
Discrete-Time Variablesand Models . ............. .ot 110

Process Dynamics Modeling and Identification ................... ... ... 114

Nonlinear Modeling . . ........ . ittt it e eaens 134

Conclusion ....... e e 135

Appendix 4-A: Discrete Time Variables . ............. ... ... ... .. ..., 137

Appendix 4-B: Thez-Transform . . ......... . oiiiiiiiiiiiiiiiniiiiaan,s 140

Appendix 4-C: Recursive Parameter Estimation inan OpenLoop ........... 148

. Appendix 4-D: Pseudorandom Binary Signals (PRBSs) ................... 154

Chapter 5—Multivariable Systems . ........coveiririiirtrrrssnnnnnnncreescsnnnans 158
Interacting Loops .. ... oo ovr i i i i e 158

Bristol’s Relative Gain Array . .. ...ttt i e i61

Reducing Interactions ..............ccoiitinenmmrmiiciiiiiiiiaaas 166

Decoupling . ......oiiit e 169
Multivariable Control . ... ... .. e 172

State-Space Representationof Systems . . ........... ... ... .o ol 172

Optimal Control . ...ttt i raai i 176

Conclusion .............coiiiiiiiinnnnes O 179

Chapter 6—Model Predictive Control ..........ociiiiiiiiiiiiiiiiiiasseinnsenes 182
INtrOdUCHON ... ..\t ittt ittt e e 182

The MPC Idea ... ... e e e e e ey 184

TheModel . ... i i i e ey 186

The Control Problem . ...... ...t i i iaie it 186

Process ConStraints . ... ... .00 ccineeseuiiineeeonnniioeaannnnnnnnn 187

Dynamic Matrix Control (DMC) ... ... .o e, 189

The Generalized Predictive Control (GPC) . ........ ... coiiiiiiiiiiinn, 195

The Internal Model Control (IMC) . ... ... i eaas 202

Nonlinear Model Predictive Control (INMPC) . . ......... ... cooiiint, 212

ConCIuSION .. ... i i i e i i e 215

Appendix 6—A: ConvolutionModel ............... ... ...t 217

Chapter 7—Adaptive Control ........covvvrrriiiiiiiiiiiessiinttnsversinnaas 222
INtTOdUCHON ...\ttt ittt ittt iiie s e i e 222

Self-Tuning Controllers (STCs) . .. ... .ot 223

Model Reference Adaptive Controllers (MRACs) . ........... ... ... . ... 225

Parameter Adaptive Controller Design . ....... ... .ot 225
Performance Monitoring ............cooiii ity 237
Applications of Adaptive Control ......... ... ... i 241
Commercially Available Adaptive Controllers ................. ...t 246

Conclusion ........ e et e e 248

Chapter 83—Statistical Process Control and Intelligent Controllers .................. 251

Statistical Process Control . ......cviiii it i i e i e 252



Contents Vil

Fuzzy Controllers . ........ ... . i 260
Neural Network Control ...t 279
Expert Control ....... ... it 289
Conclusion ... 291
Chapter 9—InStrumentation .. .......ouereuiuitiiienearneneeesesererernsnsnnns 294
Measurement Transducer . .. ........... ...t 295
Measurement Devices or Sensors . ..............veuirreninri, 295
Transmission Lines .............c..oiiuiireee 307
Computer-Controlled Systems ........................................ 308
Conclusion . ... ... 319
List of Sources ............... e e i eseteeaan et s ia et ra ety 321



