
Contents

List of Figures iii

List of Tables vjj

Abbreviations ix

List of Symbols xi

1 Introduction 1
1.1 Principle of Hydrostatic Transmissions..................................................................... 1
1.2 HST System Configurations........................................................................................ 1
1.3 Applications of HST Systems ..................................................................................... 4
1.4 Disadvantages of HSTs................................................................................................. 7
1.5 HST Control Literature Review.................................................................................. 8

1.5.1 Classical Proportional-Integral-Derivative (PID) Control......................... 8
1.5.2 Fuzzy Logic Control ........................................................................................ 9
1.5.3 Model-Based Control........................................................................................ 10
1.5.4 Modeling and Trajectory Planning ............................................................... 13

1.6 Summary ....................................................................................................................... 16
1.7 Contribution and Outline ........................................................................................... 16

2 Modeling and Trajectory Planning for the HST System 19
2.1 Mathematical Model of the HST.................................................................................. 19

2.1.1 Hydraulic System Dynamics........................................................................... 20
2.1.2 Actuator Dynamics........................................................................................... 21
2.1.3 Mechanical System Dynamics........................................................................ 21
2.1.4 The Nonlinear Model of the Overall System............................................... 22

2.2 Motivation of the Trajectory Planning Method........................................................ 22
2.3 Synchronized Trajectory Planning for the Bent-Axis Angles of the Hydraulic

Motors............................................................................................................................. 23

3 Advanced Output Control Designs 25
3.1 Optimization-Based Approaches.................................................................................. 26

3.1.1 Model Predictive Control (MPC)................................................................... 27
3.1.2 Takagi-Sugeno Fuzzy-Based Optimal Control Design for Torque Tracking

(FBO)................................................................................................................. 34
3.1.3 State-Dependent Integral State Feedback for Torque Control (SIF) .... 41

3.2 Estimator-Based Feedback Linearization.................................................................. 47
3.2.1 Nonlinearity Compensation Using a State and Disturbance Observer ... 52
3.2.2 Nonlinearity Compensation by Adaptive Parameter Estimation ............. 55
3.2.3 Nonlinearity Compensation by a Neural Network ...................................... 57

http://d-nb.info/1248146328


Contents

3.3 Active Disturbance Rejection Approaches.................................................................. 60
3.3.1 Observer-Based ADR Control Design............................................................ 60
3.3.2 Flat-Filtering ADR Control Design............................................................... 62

3.4 Model-Free Approaches.................................................................................................. 66
3.4.1 Sliding Mode Control........................................................................................ 67
3.4.2 Neural Network Compensation Using Feedback Error Learning................ 70
3.4.3 Adaptive Feedforward Compensation Using Neural Networks................... 73

4 Control Design Validation 77
4.1 Synchronization of the Displacement Units............................................................... 77
4.2 Control Performance..................................................................................................... 78

4.2.1 Optimization-Based Approaches..................................................................... 79
4.2.2 Estimator-Based Feedback Linearization...................................................... 88
4.2.3 Active Disturbance Rejection Controls......................................................... 96
4.2.4 Model-Free Approaches..................................................................................... 99

5 Conclusions 107

Bibliography 109


