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ABSTRACT

Proportional, Integral and derivative (PID) controllers a control
strategy that has been successfully used over many years. Most widely-
used controller in the industries because of their simplicity, robustness

and successful practical application.

PID controller have many type (P, PI, PD, PID) is this research will
study the design and theory of it.

Many tuning methods have been proposed for PID controllers. In
this study will compare some of these tuning methods for step input with
third order system with the aid of MATLAB and SIMULINK we extract

the results and compare the result.



e

ook Ll o3 Sa3 das) il & (PID)  AulelSill dlialanll 4l AeSaial)
Leidat die Leal) 2 laill 5 Lguilia 5 Lgilabiad @l 5 sl 5 (3Uai 8 i) e e

Cus e AeSaial) Al a5t (P, PI, PD and PID) gl 32 Alatiall
Akl 5 avanall

A jliay &g Al yall 028 8 dlgilan s (Gl 5) Jasal il e el Can Sl
SIMULINK and)wh}ﬁmbmmsm)du\%Jﬂ\weMM\ é)ku.a.u

2l ) sl s (MATLAB



TABLE OF CONTENTS

Page
4y i
DEDICATION i
ACKNOWLEDGEMENT iii
ABSTRACT iV
oaliing Vv
TABLE OF CONTENTS Vi
LIST OF FIGUERS vii
LIST OF TABLES Xi
LIST OF ABBREVIATIONS Xii
CHAPTER ONE
INTRODUCTION
1.1 Introduction 1
1.2 Objectives 4
1.3 Methodology 4
1.4 Thesis structure 4
CHAPTER TOW
LITERATURE REVIEW
2.1 Background 3)
CHAPTER THREE
PID THEORY

3.1 Chapter review 9

Vi




3.2 The PID controller types 9
3.2.1 The proportional controller 9
3.2.2 The integral controller 17
3.2.3 The derivative controller 22
3.2.4 The proportional integral derivative controller 29
CHAPTER FOUR
SIMULATION AND RESULTS
4.1 Introduction 35
4.2 System tests 35
4.2.1 Open loop response 35
4.2.2 closed loop response 36
4.3 Tuning methods 38
4.3.1 Ziegler Nichols open loop method 38
4.3.2 Ziegler Nichols closed loop method 39
4.3.3 Cohen coon method 41
4.3.4 Chien-Hrones-Reswick PID tuning 42
4.3.5 The Wang-Juang-Chan tuning method 45
4.4 The results and compare 45
CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion 48
5.2 Recommendations 48

vii




LIST OF FIGURES

Figur Title Page
e
3.1 Block diagram of a proportional controller 10
3.2 Proportional controller acting on a motor 10
3.3 Second order type one system step response with gain of 1 13
3.4 Root locus of second order system 13
3.5 Second order plant response with gain of 400 14
3.6 Root locus of a third order system 15
3.7 Step response for type one third order system with K=1, k=100 15
3.8 step response for type one third order system with K=120 16
3.9 Type zero proportional controlled system 18
3.10 P only system operating at 0.2 damping ratio 18
3.11 Step response for P only compensated system 19
3.12 | Root locus for PI controller with 0.2 damping ratio and no zeros 19
3.13 Normalized step response for P and PI controller with pure 20
integration and no zeros
3.14 Full PI compensator with zero added 20
3.15 Root locus of PI with zero added 21
3.16 Step response for P and PI system with zero added 21
3.17 Parallel form of PI controller 22
3.18 Type zero system before PD compensation 24
3.19 Type zero compensated system with zero at -3 25
3.20 Type zero compensated system with zero at -4 26
3.21 Type zero compensated system with zero at -7 27
3.22 Normalized step responses for uncompensated and derivative 28

viii




compensated system

3.23 Step responses for uncompensated and derivative compensated 28
system
3.24 Implementation of PD controller 28
3.25 Ideal PID representation 29
3.26 System before PID implementation 31
3.27 Root locus of derivative compensated system 32
3.28 Step responses for uncompensated and derivative compensated 33
system
3.29 PID compensated root locus 34
3.30 Step responses for uncompensated, derivative and PID 34
4.1 Open loop response of the system 36
4.2 Root locus of the system 36
4.3.a Closed loop without gain 37
4.3.b Closed loop response with K=10 37
4.3.c Closed loop response with K=72 37
4.4 Open loop parameter identification 38
4.5 Block diagram of the system using Simulink 39
4.6 System response using PID controller tuned by the open loop 39
method
4.7 Closed-loop system with a proportional controller 40
4.8 Sustained oscillation with period P, 40
4.9 System response using a PID controller tuned by the closed loop 41
method
4.10 System response using PID controller tuned by the cohen coon 42
method
411 System with PID controller tuned using CHR 0% overshoot 44




method

4,12 System with PID controller tuned using CHR 20% overshoot 44
method

4.13 System with PID controller tuned using the Wang-Gang-Chain 45
method

4.14 System responses all curves 47




LIST OF TABLES

3.1 Relationships between input, system type, static error constants 12
and steady state error
4.1 Open loop tuning method parameters 38
4.2 Ziegler-Nichols tuning rule based on critical gain K and critical | 40
period P,
4.3 Controller parameters of cohen-coon method 41
4.4 CHR is tuning for set-point regulation 43
4.5 CHR is tuning for disturbance rejection 43
4.6 PID parameters for each tuning methods 46
4.7 Parameters of the system response 46

Xi




LIST OF ABBREVIATION

P Proportional controller
Pl Proportional and integrator controller
PID Proportional, integrator and derivative controller
PD Proportional and derivative controller
PLCs Programmable logic controllers

Xii




