Contents

1 Maglev Train OVerview ...t 1
1.1 IntroduCtion ..........cooeeiiiiiiiii i 1
1.2 Characteristics and Classification of Maglev Train.................... 2
1.3 Research and Major Achievements in the World ...................... 5
1.4 Research and Major Achievements in China .......................... 7
1.5 Development and Discussion of Maglev Key Technologies .......... 9

1.5.1 Low-Speed Maglev Trains .........ccooviuieieiiiniiiieeeennn. 9

1.5.2 High-Speed Maglev Trains ..........ccovviiieeiiiiiieeeannnn. 11

1.6 Technology Characteristics of High-Speed Maglev Train ............ 13

1.6.1 Technology Characteristics..........covviuuieeiiiiiiiiieeennnn. 13

1.6.2 Suspension and Guidance System ..............oocevieieennn. 14

1.6.3 Long Stator Synchronous Linear Motor Traction.............. 14

1.6.4  Braking .......oooiiuuiiiiiiiii e 15

1.6.5 Vehicle—Rail Relationship..............ooooeeiiiiiiiiiia. 16

1.6.6  Power Supply for Onboard Devices ...............ccceeeennn. 17

1.6.7 Positioning and Mobile Communication ...................... 17

1.6.8 Overall Design Ideas of TR High-Speed Maglev Train....... 18

1.7 Technology Characteristics of Low-Speed Maglev Train.............. 20
1.7.1 Suspension and Guidance Function Realization

of Low-Speed Maglev Train .............cooooieiiiiiiiine... 21

1.7.2  Traction Function Realization of HSST Maglev Train........ 21

1.7.3 Bogie Structure of HSST Maglev Train ....................... 23

1.7.4  Technology CharacteristiCs..........covviuiiieeiiiiiieeeenn. 23

1.8 ConCIUSION ....oiuuiiiii i 24

References ......oouuiiiii i 26

2 Technology Development and Application Research

of MaglevControl....................... i 29
2.1 INtroduCtion ..........c.eiiiiiiiiiiiie i 29
2.2 Suspension Control Plan of Maglev Train ...................oooee... 30

2.2.1 Single Electromagnet Suspension Control Scheme............ 31

ix



Contents

2.2.2 Module Suspension Control Scheme .......................... 31
2.2.3 Concentrated Suspension Control Scheme .................... 32
2.2.4  Overlapping Suspension Control Scheme ..................... 33
2.3 Suspension Control Algorithms of Maglev Train ..................... 33
2.3.1 Basic Requirements of Suspension Control Algorithms...... 33
2.3.2  Suspension Control Methods of Maglev Train ................ 34
24 ConClUSION ...ouuiiiittt i 36
References ......oouuiiii 37

Modeling and Controller Design of Suspension System

of Maglev Train ................ 41
3.1 INtroduction ........cooueiiiiiiiiii i 41
3.2 Building Single-Point Suspension Model.............................. 41
3.2.1 Elastic Track Model .............cooiiiiiiiiiiiiiii i 42
3.2.2 Single-Point Suspension Model...................cooiiiii. 45
3.3 Design of Control SYStem .........coeviiiiiiiiiiiiiiiieeenniiiee... 46
3.3.1 Analysis of Model Linearization and Open-Loop Stability... 46
3.3.2 Particularity of Vehicle-Track Coupling ...................... 48
3.3.3 Design of the Suspension Controller Ignoring
Track MOtion........ooiiuiiiii i 49
3.3.4 Design of Controller Under Relative Static
Hypothesis of Electromagnet.................ooooeeiiiiiinn. 53
3.3.5 Stability Analysis of Integrated Closed-Loop
System and System Simulation ................cocoiiii.. 55
3.4 Optimization of Control Parameters Under the Condition
of Output Saturation ...........eeeeiiiii i iieeens 58
3.4.1 Analysis of Output Saturation Link
of the Suspension Controller .............ooovieiiiiiiiie... 58
3.4.2 Design of Optimization of Control Parameters................ 59
3.4.3 System Simulation Considering the Output Saturation Link . 63
3.5 Design of Signal Filter of Suspension Control System ............... 64
3.5.1 Designof Gap Signal Filter ...............c..oooiiiiiiiiii. 65
3.5.2 Design of Acceleration Signal Filter........................... 70
3.5.3 The Delay Influence of Gap Low-Pass Filter
on Suspension Control...........oooveeiiiiiiiiiiiniiiinee... 75
3.6 Experimental Research ... 82
3.6.1 Signal Testof Gap Channel ..............cccooiiiiiiiiiiinin, 83
3.6.2 Signal Test of Acceleration Channel........................... 85
3.7 ConclUSION ..onuiiiiiii i 86
References ......couuiiiii i 87
Control and Diagnosis System of Maglev Train .......................... 89
4.1 IntrodUCtiON ........oiiieiiiiiti i 89
4.2 Onboard Control and Diagnosis System ..............cooeeeeeiiiinnnn. 89

4.2.1 Functional Requirements and System Composition .......... 89



Contents

4.2.2 Data Communication Network of the Control
and Diagnosis SYStem .........oovuiiiiiiiiiiiiii e
4.2.3 Hierarchy of Onboard Diagnosis System......................

4.3 Comprehensive Assessment Algorithm of Onboard
Faults Based on Fuzzy Comprehensive Assessment ..................
4.3.1 Modeling Principle for Fuzzy Comprehensive
Assessment of Faults ...
4.3.2 Building of Multilevel Fuzzy Comprehensive
Assessment Model for Maglev Train System Faults ..........
4.3.3 Application and Analysis of Fuzzy
Comprehensive Assessment of Maglev Train
System Faults ...
4.4 Comprehensive Assessment Method Based on EDA..................
o N 11 TS £ (o) s TP
4.4.2 Basic Theory of the Estimation of Distribution Algorithm ...
4.4.3 Comprehensive Assessment of Maglev Train
Faults Based on EDA ...
4.4.4 Performance Test and Comparison .............c.c.ooovueee...
4.5 ConCIUSION ...oiiuiiii it
References ......oouuiii i

5 Maglev Train Control and Diagnosis Networks ..........................

5.1

52

53

54

55

Introduction ..........cooiiiiiiiiii
5.1.1 Diagnosis Network ..........oooeeiiiiiiiiiiiiiiiiiiiieennnn.
5.1.2 Control Network .........oooviiiiiiiiiiiiiiiiiiii s
Communication Simulation of Onboard Diagnosis Network .........
5.2.1 Modeling and Simulation of Diagnosis Network .............
5.2.2 Simulation Results............coooooiiiiiiiiii
Integrated Network Design of the Control and Diagnosis Networks .
5.3.1 Necessity of the Integrated Network for Control

and Diagnosis Networks............oocoiiiiiiiiiiiiiiie...
5.3.2 Comparison of Mainstream Train Communication Networks
5.3.3 Architecture of System Bus of Vehicle Unit Based

ON CANOPCN. ..o eieii e
5.3.4 CANOpen Vehicle-Level Network Devices Classification ...
5.3.5 Node Device Description and Performance Analysis.........
Diagnosis Network Basedon ADS..........coiiiiiiiiiiiiia.
5.4.1 Design of Diagnosis System in Maglev Train.................
5.4.2 Design Principles ........coooviiiiiiiiiiiiiiii
543 DesignPlan ......ooiiiiiiiiii
5.4.4 DiagnosisMethod ...........oooiiiiiiiiiiiiiiiiii
Control and Diagnosis Networks Based on Role
Automation Decentralization ..o
5.5.1 Relation of Control and Diagnosis Networks .................
5.5.2 The Concept of ROADS ...ttt

xi



xii

Contents
5.5.3 Design Principles ........ccoooviiiiiiiiiiiiiii i 164
5.54 DesignPlan .......oooiiiiiiiiiii 166
5.6 Onboard Communication Platform in Maglev Train
Based on RTLANUX ...ouuviiiiii e 170
5.6.1 RTLinux Introduction ..............ccoooiiiiiiiiiiiiiionn, 170
5.6.2 DesignPlan ........ooooiiiiiiiiiii 170
5.6.3 Driver Design of CPCI-CAN Card ..........c.coovcvvveeeennn. 175
5.6.4 Real-Time Performance AnalysiS...........cccoovivieeeennn. 177
5.7 ConclUSION ...ouuiiii i 179
References ......ooouuiiiii i 180
The Position and Speed Detection Technology Based
on Loop Cable for Low-Speed Maglev Train ............................. 183
6.1 INtroduction .............coiiiiiiiiiiiii i 183
6.2 Position and Speed Detection Based on the XOR Pulse .............. 185
6.2.1 The Electromagnetic Field Analysis of Loop Cable .......... 185
6.2.2 Detection of Component of Magnetic Flux Density .......... 189
6.3 Design of Receiving Coil .........ccooiiiiiiiiiiiiiiiiii e 192
6.3.1 Selection of Resonance Circuit ...........c...ovveiiiinianan 192
6.3.2 Design of Coil Structure...........c.ovviiiiiiiiiiiiiiieenn. 193
6.4 Signal Processing Methods ............oooiiiiiiiiiiiiiiiiiiiiiie... 195
6.4.1 Signal Processing Method Based on Amplitude Detection... 196
6.4.2 Signal Processing Method Based on Phase Detection ........ 198
6.4.3 Comparison of Two Signal Processing Methods .............. 201
6.5 System Design and Implementation.................ooeeeeviiiiie... 204
6.5.1 Design of Analog Circuit..........ccoovvviiiiieeiiiiieeenn. 205
6.5.2 Design of Digital Circuit ..........ccoooviiiieiiiiiiiieenn. 209
6.5.3 Design of Power Drive ...........ccooviiiiiiiiiiiiiiiiienn. 210
6.5.4 Test of Position and Speed Detection
of Low-Speed Maglev Train ............cooovieiiiiiiie... 211
6.6 ConClUSION ...oouuiiiitiiiii i 212

R EIENCES .. v e 215



2 Springer
http://www.springer.com/978-3-662-45672-9

Maglev Trains

Key Underlying Technologies

Liu, Z.; Long, Z.; Li, X

2015, XI, 215 p. 132 illus., 38 illus. in color., Hardcowver
ISEM: 978-3-662-43672-0



