
Magnetic Levitation System Experimental Manual

GOOGOLTECH

Magnetic
Levitation System 

EXPERIMENTAL MANUAL
Suitable for GML Series 

The 1st Edition, July, 2007 

©Googol 2006 I

Googol Shenzhen

2/F, West Wing, IER Building, High-Tech Park 
Nanshan, Shenzhen, China
Tel: (86)755 2697 0817; (86)755 2697 0838 
Fax: (86)755 2697 0846 
http://www googoltech com cn

Headquarter

3639
Room 3639, Annex Building, HKUST,
Clear Water Bay, Kowloon, Hong Kong 
Tel.: (852) 2358 1033, (852) 2719 8310
Fax: (852) 2719 8399



CCoonntteenntt

COPYRIGHT STATEMENT...................................................................................................................... II

DISCLAIMER ........................................................................................................................................ II

TRADEMARKS...................................................................................................................................... II

CAUTIONS ON SAFETY ................................................................................................................. II

CAUTIONS ON USING .................................................................................................................... II

INTRODUCTION...................................................................................................................................IV

CONTENT.............................................................................................................................................V

CHAPTER 1 MAGNETIC LEVITATION SYSTEM INTRODUCTION ...................................7

1.1 MAGNETIC LEVITATION SYSTEM OVERVIEW...............................................................................7

1.2 MAGNETIC LEVITATION TECHNOLOGY APPLICATION FIELD........................................................7

1.3 MAGNETIC LEVITATION SYSTEM PROPERTIES.............................................................................8

1.4 CONTROLLER DESIGN .................................................................................................................8

CHAPTER 2 PHOTOELECTRIC POSITION SENSOR ANALYSIS.........................................9

2.1 SENSOR DEVICE AND PROCESSING CIRCUIT................................................................................9

2.2 SENSOR CALIBRATION EXPERIMENT ......................................................................................... 11

CHAPTER 3 MAGNETIC LEVITATION MODELING, SIMULATION AND EXPERIMENT

 15

3.1 PHYSICAL MODEL OF THE MAGNETIC LEVITATION SYSTEM......................................................15

3.1.1 Differential Equation Inference ......................................................................................15

3.1.1.1 Dynamic Equation of the Control Object ................................................................................. 15

3.1.1.2 System Electromagnetic Force Model...................................................................................... 16

3.1.1.3 The Control Voltage and Current Model in Electromagnet ...................................................... 18

3.1.1.4 Power Amplifier Model............................................................................................................ 19

3.1.1.5 The Boundary Condition of System Equilibrium..................................................................... 20

3.1.1.6 System Equation Description ................................................................................................... 20

3.1.1.7 System Model Linearization..................................................................................................... 20

3.1.1.8 System Control Modeling ........................................................................................................ 23

3.1.2 System Physical Parameters...........................................................................................24

3.1.3 Real System Model..........................................................................................................25

3.1.4 System Controllability Analysis ......................................................................................25

3.1.5 System Step Response Analysis .......................................................................................27

3.2 ROOT LOCUS CONTROL EXPERIMENT .......................................................................................28

3.2.1 Root Locus Analysis........................................................................................................28

3.2.2 Root Locus Method and Simulation................................................................................30

3.2.2.1 Root Locus Method.................................................................................................................. 30

3.2.2.2 MATLAB Simulation............................................................................................................... 34

3.2.2.3 MATLAB Simulink Simulation ............................................................................................... 38

3.2.3 Root Locus Real Time Control Experiment.....................................................................44

©Googol 2006 V



3.2.3.1 Experiment Result and Report.................................................................................................. 47

3.3 FREQUENCY RESPONSE CONTROL EXPERIMENT .......................................................................49

3.3.1 Frequency Response Design and Simulation..................................................................51

3.3.2 Frequency Response Control Experiment ...............................................................59

3.3.3 Experiment Result and Report ........................................................................................61

3.4 PID CONTROLLER DESIGN EXPERIMENT ..................................................................................62

3.4.1 PID Controller Principle ................................................................................................62

3.4.2 Digital PID Control Method...........................................................................................62

3.4.2.1 Position PID Control Algorithm............................................................................................... 63

3.4.2.2 Incremental PID Control Algorithm ......................................................................................... 64

3.4.3 PID Controller Analysis and Simulation ........................................................................64

3.4.4 PID Control Experiment.................................................................................................69

3.4.4.2 Experimental Result and Report............................................................................................... 72

3.5 FUZZY CONTROLLER DESIGN EXPERIMENT ..............................................................................73

3.5.1 Fuzzy Logic Control Theory ...........................................................................................73

3.5.1.1 Fuzzy Controller Principle ....................................................................................................... 73

3.5.2 Fuzzy PID Controller......................................................................................................76

3.5.2.1 Fuzzy PID Controller Structure................................................................................................ 76

3.5.2.2 Basic Form of Fuzzy PID Controller........................................................................................ 77

3.5.2.3 Fuzzy PID Controller Design Procedures................................................................................. 78

3.5.3 Realization of Fuzzy PID................................................................................................78

3.5.3.1 Determine the system input output variables............................................................................ 78

3.5.3.2 PID Parameters Fuzzy Regulation Rules.................................................................................. 81

3.5.3.3 Fuzzy Inference and Defuzzification........................................................................................ 84

3.5.3.4 The Realization of Fuzzy PID in MATLAB............................................................................. 85

3.5.3.5 Experiment Result and Analysis............................................................................................... 88

APPENDIX ...........................................................................................................................................90

TABLE OF FIGURES .............................................................................................................................90

©Googol 2006 VI


