Table of contents:

POVZETELK .........auuueeeeeeeeeeeeeeeeerrereeessssssssessssssssssssssssssssssssssssssssssssssssssssssssane i
ABSTRACT ..auaaaaeeaneeeneeeneeneeeenreenecessesesssssssssssssssssssssssssssssssssssssssssssssssssses Xiii
L. INTRODUC GTION ....cuunvaaaeeeeeeneeceseeeeneerereesssssssssssessssssssssssssssssssssssssssssssssss 1
2. BACKGROUND MATERIALS ......aaaauaaeeeeeeneeeeeeereeeeerenesssseesssssssssssesnes 3
2.1, SYSTEM LIMITATIONS ...t semnenennnens 3
2.2. CONTROLLERS ...ttt sssssessmansnsnnnnn 6
2.3. WINDUP AND ANTI-WINDUP (AW)....cccuveiiiuiiaiiieeeeieeeeie e 9
2.4. BuMP, BUMPLESS AND CONDITIONED TRANSFER. ...t 13

3. A REVIEW OF SOME EXISTING AW (BT, CT) ALGORITHMS.... 19

3.1. AW ALGORITHMS FOR PID CONTROLLERS .......ccc.ccoviuiiiniiiiiiiiiiiieeie e, 19
3.1.1. Linear Feedback AW AIGOVItRMS .............cccoeeveviieviiiaiiieeeiieeeiieeeieen, 19
3.1.1.1. Observer APProach ..............cccccccvevceeieieeeiiiieeiieeeiieeeeeene, 19

3.1.1.2. Conditioning TeChRique..................ccccccvueeveeeesceeanieeenreeannn, 21

3.1.1.3. Incremental AIOTItRIM ..............cc..cccovveviiiaiiieiiieeeieeeeeee, 23

3.1.2. Non-Linear Feedback AW AIGOVItRINS ............c...cccovevvevveeciiaeiiianinnn. 26

3.2. AW ALGORITHMS FOR GENERALISED PID CONTROLLERS ..........ccccvvveeniiiannnen. 27
3.3. AW FOR CONTROLLERS WITH GENERAL RATIONAL TRANSFER FUNCTION.............. 28

3.4. AW FOR STATE-SPACE CONTROLLERS ......ueeeeeeeee et 29



4. NOTATION OF REALISABLE REFERENCE...........coueeeeueeenenenne 31

4.1. REALISABLE REFERENCE FOR PID CONTROLLERS .......couueeeeeieeeeeeeieeeeeeeeeeeeeennn 31
4.1.1. Realisable Reference for AW Methods ................cccccuevcvevieneeannanne.. 31
4.1.2. Realisable Reference for BT and CT Methods ..................ccccceeuenn.... 39
4.2. REALISABLE REFERENCE FOR GENERALISED PID CONTROLLERS........cccccecevveunn.... 45

4.3. REALISABLE REFERENCE FOR CONTROLLERS WITH GENERAL RATIONAL TRANSFER
FUNCTION ..ot 50
4.4. REALISABLE REFERENCE FOR STATE-SPACE CONTROLLERS .........ceueeeeeeeeeeeeennnnn. 58
5. DISCUSSIONS .......ooueaaeeeeeereeneeerresseesessssssssesssssssssssssssssssssssssssssssssssssosses 83
5.1. SOME RECOMMENDATIONS IN AW DESIGN .......covieeeeeee e 83
5.2, NON-LINEARITY AND AW ..o e e 93
O EXPERIMENTS . .uueeoeaaeeeeeeeeereneeereeeesssecssssesssssssssssesssssssssssssssssssssssssssses 103
6.1. EXPERIMENTS ON PROCESS MODELS. ....c....ocoeeeeeeeeeee et 103
6.1.1. Non-minimal PRASE PrOCESS. ...........oueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaens 103
6.1.2. Delayed PrOCESS ............cccooeeeieeeaiieeiieiieeie e 105
6.1.3. Process With Pole in OFigin.............ccccccooveeiiinoiiaiiaiieeeeee e 107
6.1.4. Model of Heat EXCRANGET .................cccccueiciiaiiiaiaieeieeieee e 109
6.1.5. Model of Distillation COlumn...................cc.cccceevieiviaiianiiaieeeenee 112
6.1.6. Model of Unstable Process...............cccccoueeeeoeeeceacieniiaiieeieaeeeees 114
6.2. EXPERIMENTS ON LABORATORY PLANTS ......coeeeeeeeeeeeeeeeeeeeeeee e 116
6.2.1. Water COIUMI PFrOCESS ...t 116
6.2.2. Unstable Hydraulic Process..............cccccoveeecieieeacianiieieeeieeeeenes 120
7. A REVIEW OF SOME TERMS AND SOLUTIONS ..........u..uueeeen... 123
8. CONCLUSIONS c....uuaeeeeaeeeeeeeeereeeerrseeesssecssssssssssssssssssssssssssssssssssssssssnss 129

REFERENCES.......cioiiuinnrnnaenssenssensssssssssssessssssssssssssssssssasssssssssssssssss 131



