Contents

Preamble . . .. ... 111
CHAPTER 1
Main Features ... ... ... ... . ... 1
1.1 Context .. ... ... 1
1.2 Features .. ... ... . 2
1.3 PID Actions . ... ... 5
1.3.1 Proportional Action .. ......... ... ... ... ... ... .. ... 5
1.3.2 Imtegral Action. ........ ... .. . ... . . . 5
1.3.3 Derivative Action . . .. ... .. ... 7
1.4 Different Types of PID ... ... ... . . . . . . . . 9
1.5 Equivalence of PID . ... .. .. . . . .. . 17
1.5.1 Mixed <> Parallel Conversion . .. ....................... 19
1.5.2 Mixed <> Series Conversions. . . . ....................... 20
1.5.3 Parallel <> Series Conversions . ........................ 23
1.5.4 Summary Tables ... ... ... ... ... . ... .. ... 25
1.55 Examples .. ... ... 29
1.6 PID: Frequency Response . .. ... ... . ... ... . ... ... ... 30
1.6.1 Series PID ... ... ... . . 30
1.6.2 Mixed PID ... ... ... 32
CHAPTER 2
Digital PID ... . . 37
2.1  Continuous to Digital Transposition . .................. ... . ... 37
2.1.1  zTransformation ........... ... .. .. . ... ... . . ..., 38
2.1.2  Backward or BW Approximation ....................... 38
2.1.3 Forward or FW Approximation ........................ 38
2.1.4 zTransformation and Approximation . ................... 39
2.2 Basic Actions . ... ... .. 39
2.2.1 Imtegral ... ... .. . . . 39
2.2.2 Derivative .. ... ... 39
2.2.3 Transposition Tables . ... ... ... .. ... ... ... ... ... ..... 42
2.3 Digital PID. .. ... 42
2.3.1 PIDForm . ........ .. .. 42



VIII Contents

232 RST Form . ....... .. . .. 43
2.3.3 Correspondence Tables. ... ............ ... .. ... ...... 44
CHAPTER 3
Realization Algorithms . .. ... ... .. ... . . . . . . 55
3.1  Sample Processing . ...... ... ... 56
3.2 Different Algorithms . .. ... ... .. . 58
321 PIDFOrMS . . ... 58
3.22 RST Form ......... . . . . . 63
3.3  Ancillary Features. . .. ... ... ... 68
3.3.1 Manual Mode. .. ... .. .. 68
3.3.2 Automatic Mode . ....... ... ... ... 68
3.3.3 Limitations. . .. ... ... 69
3.3.4 Direct/Reverse Choice .. ....... ... ... ... ... . ....... 75
3.3.5 Inputs/Outputs ........ ... .. ... .. 76
3.4 SUMIMATY « oot 7
CHAPTER 4
Process Models. . . ... . 81
4.1  Different Process Models . . .. ... ... ... .. ... ... 81
4.1.1 Stable Systems . ... ....... ... ... 81
4.1.2 Integrating Systems .. ... ......... .. .. ... ... 84
4.1.3 Usual Models ... ... ... . 85
4.1.4 Identification Methods . ... ...... ... ... .. ............ 85
4.2  Broida Model . ... ... .. ... 87
4.2.1 Open Loop Identification ... ......... ... .. ... .. ........ 87
4.2.2  Closed Loop Identification (Dindeleux, 1989) .. ............ 89
4.3  2nd Order Model with Delay. . .......... ... ... .. ... ...... 90
4.3.1 Open Loop Identification . ........... ... ... ... ... ...... 90
4.3.2 Closed Loop Identification . ........................... 90
4.4 Strejc Model (Strejc, 1960) .. ... .o 91
4.4.1 Open Loop Identification ... ..... ... ... .. ... .. ........ 91
4.4.2 Closed Loop Identification . ........................... 99
4.5  Reverse Response Streje Model .. ... . ... ... ... 99
4.6  Integrating Model with Delay ... ... ... .. .. ... ... ... ... ... 102
4.6.1 Open Loop Identification ... ......... ... ... ......... 102
4.6.2 Closed Loop Identification .. .......................... 102
4.7  Integrator and 1st Order Model ......... ... ... ... ... .. ....... 103
4.7.1 Open Loop Identification . ......... ... ......... ... . ... 103
4.7.2 Closed Loop Identification .. .......................... 106
4.8  Integrating Model and Order n. . ........ ... ... . ... ....... 109
4.8.1 Open Loop Identification ... ......... ... .. ... .. ........ 109
4.8.2 Closed Loop Identification .. ......... ... .. ... ......... 111
4.9  Integrating Reverse Response Model . . . ........ ... .. ... ...... 113

4.9.1 Open Loop Identification . ........... ... ... ... ......... 113



Contents IX

4.9.2 Closed Loop Identification .. ......... ... .. ... ......... 119
493 Caseof Delay . ....... ... ... . . ... . .. 119
CHAPTER 5
Evaluation of Performances . ........ ... ... ... ... .. ... .. ...... 121
5.1  Process Performances .. ....... ... ... .. .. .. ... .. ... ... ... 121
5.1.1 Step Response ... ... ... ... .. ... 121
5.1.2 Frequency Response . . .......... . ... . ... . ... . . ... ... 122
5.2 Adjustment Objectives . .. ... ... ... . 123
5.3  Closed Loop Setting Criteria. . .. .......... ... ... .. ......... 125
5.3.1 Stability Criteria . ....... ... .. ... . . . 126
5.3.2 Step Response Criteria . . . ............ ... ... ...... 128
5.3.3 1Ist or 2nd Order Systems . ... ......... ... ... .......... 129
5.3.4 Order n Systems: Naslin Criterion (Naslin, 1968, 1962). . ... .. 129
5.3.5 Optimization Criteria. .. ......... ... ... .. ... ...... 132
5.3.6 Frequency Criteria . .. ... .. ... . . . 133
CHAPTER 6
Ziegler—Nichols and Associated Methods . . ........ ... ... ... .. ... 135
6.1  Ziegler and Nichols Closed Loop Method. . ... .................. 135
6.2  Ziegler and Nichols Open Loop Method ....................... 137
6.3  Cohen and Coon Method (Cohen and Coon, 1953) . .............. 140
6.4  Takahashi Method (Takahashi et al., 1971) .. ......... ... ... ... 141
6.5 KT Method of Astrom and Hagglund (1995)............ .. .. ... 142
6.5.1 Ultimate Gain Method . . .. ....... ... ... . ... .. ...... 142
6.5.2 Open Loop Method . ........ .. .. ... .. ... . ... .. ...... 143
6.5.3 Adjustment Curves. .. ..... ... ... 145
6.6  Performances ......... ... .. ... 146
6.6.1 Stable Process ... ..... ... .. ... 146
6.6.2 Integrating Process. ......... ... ... .. ... . ... . ... ... 151
6.6.3 Process with Delay . ........ ... ... ... .. .. ... 153
6.7  Overview SUIMIMATY . . . . . oottt e 155
CHAPTER 7
Cancellation Methods . . . . ... ... .. 157
7.1  Dindeleux Method (Dindeleux, 1989) ... ........ ... ... ... .... 157
7.1.1 Stable Process .. ....... ... .. .. ... ... 157
7.1.2 Integrating Process. ... ....... ... . ... ... . . ... 158
7.1.3 Ultimate Gain Method . . ... ... ... ... ... .. ... ...... 159
7.1.4 Performances ... ..... ... ... ... ... 159
7.2 Haalman Method (Haalman, 1965) ... ....... ... ... ... ....... 168
7.3  Cancellation for 2nd Order . .. ....... ... ... ... .. ......... 171
7.3.1 Stable Process . ... ... ... ... .. ... ... 171

7.3.2 Integrating Process. ... ........ ... . ... ... . ... 176



X Contents
7.4  Direct Synthesis Method and IMC Method . .. .................. 186
7.4.1 Direct Synthesis Method . ........... ... ... ........... 186
7.4.2 IMC Method (Internal Model Control) ... ................ 187
74.3 PID Controller . . . ... ... ... .. ... .. . 188
7.5 Synthesis Summary. . ... ... .. 191
CHAPTER 8
Optimization Methods . .. ... ... .. ... . . .. .. . .. 193
8.1  Integral Criterion Method . ... ... ... .. ... ... ... ... ... ....... 194
8.1.1 Study of Rovira, Murrill and Smith (Rovira et al., 1967) ... .. 195
8.1.2 Study of Miller, Lopez and Smith (Miller et al., 1967)........ 195
8.1.3 Study of Kaya and Scheib (Kaya and Scheib, 1988) . ........ 196
8.1.4 Example. ... ... ... 198
8.2 Chien, Hrones and Reswick Method (Chien et al., 1952) ... ........ 199
8.3 Samal Method . ...... ... .. .. ... . . 203
8.4  Choice of a Method. . . ... ... ... . ... . . ... . 213
CHAPTER 9
Pole Placement Methods. . .. ... ... ... .. . . . 215
9.1 Naslin Method (Naslin, 1968, 1962) ... ........ ... ............ 215
9.1.1 Original Method. . . ...... .. ... .. ... . . 215
9.1.2 Industrial Method (Chaussard et al., 1967)................ 218
9.1.3 Method for Integrating Process ........................ 235
9.1.4 Variant for Integrating Process. . ....................... 239
9.1.5 Method for Integrating Strejc Model .................... 245
9.2 Classical Method (Corriou, 2018; Flaus, 1994). .. .......... ... ... 247
9.2.1 Setting Criteria . ........ ... ... ... . . . 249
9.2.2 Performances . ........ ... . ... ... 251
9.2.3 Case of a Derivative on the Measurement . . .. ............. 254
9.24 USe . oo 256
9.3  Dominant Poles Method . .. ........ .. .. ... .. ... . ... ... ..... 256
9.3.1 Principle (Astrom and Hégglund, 1995) .. ................ 256
9.3.2 Application . ......... ... 257
0.3.3 Settings . ... ... 258
9.4  Choice of a Method. . . ... ... ... . .. .. ... . .. 260
CHAPTER 10
Frequency Methods ... ... ... . . . . . . . . . . 261
10.1  1st Method: Phase Margin . ......... .. ... ... ... .. ...... 262
10.2  2nd Method: Resonance Factor . .. ...... ... ... . ... ...... 266
10.2.1 Examples of Application. ... .......... ... ........... 268
10.2.2 Case of Integrating Systems . .. ......... ... ........... 270
10.3  Kessler’s Method (Kessler, 1958, 1955) ... ....... ... ... ...... 274

10.3.1 2nd Order Process . . ....... .. ... . .. . . . ... 275



Contents XI

10.3.2 3rd Order Process . ........ ... . ... . ... .. ... .. .... 277
10.3.3 Performances . ......... .. ... 281
10.3.4  Summary . . ... 281
10.4 KLV Method (Kessler, Landau and Voda) (Voda and Landau, 1995) 286
10.4.1 Basic Settings. . ...... ... 286
10.4.2 Auto-Calibration ... ...... ... ... ... ... ... ..... 288
10.4.3 KLV 1P Method. . .. ... ... ... . . . .. 290
10.4.4 KLV 2P Method. .. ... .. ... ... . . . 292
10.4.5 Performances . .. ..... ... ... ... 294
10.5  Useand Choice. . ... ... ... ... . . i 295
CHAPTER 11
Digital Settings Methods . ...... ... ... . . . . 297
11.1  Choice of the Sampling Period ........ ... ...... ... ... ...... 297
11.2 Zero Cancellation ... ... ... .. .. . . . . 298
11.3  Cancellation Method (Buhler, 1986) .. .......... ... ... ...... 299
11.3.1 Principle .. ... . ... 299
11.3.2 Process. . . ... 300
11.3.3 Case of Uncompensated Zeros ....................... 300
11.3.4 Choice of HD . . ... ... .. 300
11.3.5 Controller. . . . ... .. 301
11.3.6 Use ... 303
11.3.7 Examples of Responses. .. ........ ... ... .. ... .. .... 303
11.4  Pole Placement Method (Borne et al., 1993; Landau, 1988) .. ... ... 307
11.4.1 Principle ... ... 307
11.4.2 Zero Cancellation of B .. ... ........ ... . ........... 308
11.4.3 Pole Placement with RST. .. ...... ... ... ......... 308
11,44 Process. . . ..o 309
1145 USe o oot 309
11.4.6  Summary Tables ... ..... ... ... . ... ... .. ... ...... 310
11.4.7 Examples . ... .. 310
11.5  Tracking and Regulation . ... ...... ... ... .. ... . ... ...... 317
11.5.1 Principle .. ... ... .. 317
11.5.2 Process. .. ... 320
11.5.3 USe oot 320
1154 Examples . . ... .. 321
11.5.5 Summary Tables ......... ... ... ... .. ... ... . ... 325
11.6  Choice of a Dynamic di, do . .. ... ... . 325
11.6.1 Choice of Tracking Dynamics . . ...................... 329
11.6.2 Choice of a Regulation Dynamics . .. .................. 332
CHAPTER 12
Adjustments and Use . . . ... ... 347
12.1  Sampling Period . .. ... ... ... 347

12.1.1 PIController . .. ... ... . .. . . 347



XII
12.1.2 PID Controller . . . .. ... ... . ... . . ...
12.2  Filter Factor N (Visioli, 2006) . ... .......... ... ... .......
12.3  Model Compliance .. .......... .. ... ...
12.3.1 Broida Model . ... ... ... ... . . ...
12.3.2 Strejc Model. . .. ... ..
12.3.3 Static Gain. . ........ . ... ..
12.4  Control Constraints. . ... ......... ... ... ... . . .
125 Use . .o
12.5.1 Choice of Controller Type .. .......... ... ........
12.5.2  Choice of an Adjustment Method . . ... .............
12.6 Conclusion . ....... ... ..
Appendix. .. ...
Bibliography . .. ...

Contents



