
ADVANCED STUDIES OF FLEXIBLE ROBOTIC MANIPULATORS - Modeling, Design, Control and Applications
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/compsci/5290.html

v

Contents

Preface ix

Contributing Authors xv

1. Flexible-link Manipulators: Modeling, Nonlinear Control
and Observer 1
Marco A. Arteaga and Bruno Siciliano
1.1 Introduction 1
1.2 Modeling 4
1.3 Nonlinear Control 21
1.4 Control with Nonlinear Observer 34
1.5 Simulation Results 54
1.6 Conclusion 67
References 67

2. Energy-Based Control of Flexible Link Robots 71
S. S. Ge
2.1 Introduction  71
2.2 Dynamics of a Single-link Flexible Robots 73
2.3 Controller Design 75
2.4 Multi-link Flexible Robotics 90
2.5 Conclusion 98
References 102

3. Trajectory Planning and Compliant Control for Two Manipulators
to Deform Flexible Materials 105
Omar Al-Jarrah, Yuan F. Zheng and Keon-Young Yi
3.1 Introduction 105
3.2 Efficient Trajectory Planning Using Optimal Bending Model 109
3.3 Compliant Control 115
3.4 Stability Analysis 119
3.5 Experimental Study 121
3.6 Conclusions 126
References 126



ADVANCED STUDIES OF FLEXIBLE ROBOTIC MANIPULATORS - Modeling, Design, Control and Applications
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/compsci/5290.html

Contentsvi

4. Force Control of Flexible Manipulators 129
Fumitoshi Matsuno
4.1 Introduction 129
4.2 Force Control of A One-Link Flexible Arm 131
4.3 Dynamic Hybrid Position/ Force Control of Constrained
      n-Link Flexible Manipulators 151
4.4 Robust Cooperative Control of Two One-link Flexible Arms 172
4.5 Conclusion 185
References 186

5. Experimental Study on the Control of Flexible Link Robots 189
David Wang
5.1 SFL Manipulator 191
5.2 Multi-Link/Multi-Axis Flexible Link (MMFL) Manipulators 214
5.3 Force Control 224
References 225

6. Sensor Output Feedback Control of Flexible Robot Arms 229
Zheng-Hua Luo
6.1 Introduction 229
6.2 Dynamic Models of One-Link Flexible Robot Arms 231
6.3 Sensor Output Feedback Control 235
6.4 Experimental Results 252
6.5 Conclusions 258
References 259

7. On GA Based Robust Control of Flexible Manipulators 261
Zhi-Quan Xiao and Ling-Li Cui
7.1 Introduction 261
7.2 Dynamic Model of One –Link Flexible Manipulators 263
7.3 Mixed 

∞HH 2
Robust PID Control 266

7.4 Improved GA Method for Mixed ∞HH 2
 Robust PD

      Control Design 268
7.5 Mixed Sensitivity H∞ Control Problem 273
7.6 GA Method for Mixed Sensitivity H∞ Control Design 276
7.7 Conclusion 280
References 281



ADVANCED STUDIES OF FLEXIBLE ROBOTIC MANIPULATORS - Modeling, Design, Control and Applications
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/compsci/5290.html

Contents vii

8. Analysis of Poles and Zeros for Tapered Link Designs 283
Douglas L. Girvin and Wayne J. Book
8.1 Introduction 283
8.2 Nonminimum Phase Systems 287
8.3 Transfer Matrix Method 293
8.4 Results 306
8.5 Conclusions 315
References 317

9. Optimum Shape Design of Flexible Manipulators with Tip Loads 319
Jeffery L. Russell and Yanqing Gao
9.1 Introduction 319
9.2 Euler-Bernolli Equations 323
9.3 Analytical Solution 328
9.4 Optimization Approach 339
9.5 Multiple Tip Load / Multiple Link Designs 349
9.6 Sensitivity Analysis 355
9.7 Conclusion 357
References 359

10.Mechatronic Design of Flexible Manipulators 363
Pixuan Zhou and Zhi-Quan Xiao
10.1 Introduction 364
10.2 Dynamics of Flexible Manipulators 368
10.3 Case I: Mechatronic Design Based on LQR Formula with
        IHR Programming 374
10.4 Case II: Mechatronic Design of Flexible Manipulators-Based

             on ∞H Controller with IHR Algorithm 393

10.5 Conclusion 408
References 408

11. A Comprehensive Study of Dynamic Behaviors of Flexible
Robotic Links: Modeling and Analysis 411
Yanqing Gao and Fei-Yue Wang
11.1 Introduction 411
11.2 Problem Description and Energy Calculations 413
11.3 Derivation of Equations of Motion 419



ADVANCED STUDIES OF FLEXIBLE ROBOTIC MANIPULATORS - Modeling, Design, Control and Applications
© World Scientific Publishing Co. Pte. Ltd.
http://www.worldscibooks.com/compsci/5290.html

Contentsviii

11.4 Linearization 421
11.5 Natural Frequencies and Model Shape Functions 425
11.6 Step Responses and General Solutions 433
11.7 Conclusion 436
References 436


