Contents

PartI Mechanism Type

1 Classification of Parallel Mechanisms .............................ooel
1.1  Definition and CharacteriStiCS..........coviiuieiiiiieeeiieeeiaeennnnns

1.2 Jointsand Legs.........oooiiiiiiiiiic i

1.3 ArChIteCtUIES ..ottt et
1.3.1 Two-DOF Parallel Mechanisms ................cccveeeinnn..

1.3.2 Three-DOF Parallel Mechanisms....................c..ouun..

1.3.3 Four-DOF Parallel Mechanisms .....................c...ou...

1.3.4 Five-DOF Parallel Mechanisms ...................ccooeevnnn..

1.3.5 Six-DOF Parallel Mechanisms ....................coeeeinnn..
References .....oooviii

2 Type Synthesis of Parallel Mechanisms
2.1 DOF AnalysiS.........cccooouunne..
2.1.1 Observation Method........

2.1.2 Evolution Method ..........
2.1.3 Kinematic Analysis Method

2.1.4 Method Based on Screw Theory...................coooiiniin

2.2 Evolution of Parallel Mechanisms ...,

2.3 Type Synthesis ........coieiiiiiiiiiiiiii e
2.3.1 Type Synthesis of Parallel Mechanisms

with Parallelogram .............coooiiiiiiiiiiiiiiiiiiiiinn

2.3.2 Type Synthesis Based on the Evolution Method.............

References .......cooovviiiiiiiiiiiiin...

PartII Kinematic Analysis

3 Position Analysis of Parallel Mechanisms.................................

3.1  Position Analysis of the 5R Parallel

Mechanism.....................

3.1.1 Inverse KinematiCs ........ooivuneiiiniiiiineiineeiieeinnnns
3.1.2 Direct Kinematics .........ooviiieiiiiiiiiiie e i



viii

Contents
3.2 Position Analysis of a 2-DOF Translational Parallel Mechanism ... 85
3.2.1 Two-P(Pa) Parallel Mechanism............................... 85
3.2.2 The RRR&PRRR Parallel Mechanism ....................... 87
3.3 Position Analysis of a 2-DOF Spherical Parallel Mechanism ....... 89
3.3.1 Inverse Kinematics ...........oovviieiiiiiiiiiiieniiiinnen... 90
3.3.2 Direct Kinematics .........covvvuuiiieieiiiiiiiieeenninneee.. 91
3.4  Position Analysis of a 3-DOF Translational Paralle]l Mechanism ... 92
341 DELTA ..o 92
3.4.2 A Parallel Cube-Manipulator .............cooeveiiiiinnne... 94
3.5 Position Analysis of a 3-DOF Spherical Parallel Mechanism ....... 97
3.6  Position Analysis of the 2-PRU&1-PR(Pa)R Parallel Mechanism .. 99
3.6.1 Inverse Kinematics ............oouiieieiiiiiiiiieiiiiinnee... 99
3.6.2 Direct Kinematics .........covvvuuiiieieeiiiiiiieennniineee.. 101
3.7  Position Analysis of the 2-RRU&1-RR(Pa)R Parallel Mechanism . 102
3.7.1 Inverse KinematiCs ...........oovuuiieiiiiiiiiiiiennniinnen... 102
3.7.2 Direct Kinematics .........coovvuuiiieieeiiiiiiieennninnee... 104
3.8  Position Analysis of a 2-PRU&1-PRC Parallel Mechanism......... 106
3.9  Position Analysis of the 3-[PP]S Type of Parallel Mechanism...... 108
3.9.1 Orientation Description .............cccoviiiiieieiiiiinee... 109
3.9.2 Kinematics of the Two [PP]S Parallel Mechanisms ......... 114
3.10 Position Analysis of a Simplified 6-RUS Parallel Mechanism ...... 116
References . ...uuee i 119
Velocity and Jacobian Analysis of Parallel Mechanisms ................ 121
4.1  The Planar 5R Parallel Mechanism .................ooooiciiiiiiinn 121
4.2 The Translational RRR&PRRR Parallel Mechanism ................ 122
4.3 A Parallel Cube-Manipulator ............oooiiiiiiiiiiiieenininnn. 123
4.4  The 2-PRU&1-PR(Pa)R Parallel Mechanism ........................ 124
4.5 The 2-RRU& 1-RR(Pa)R Parallel Mechanism........................ 125
4.6 The Simplified 6-RUS Parallel Mechanism .......................... 126
Singularity of Parallel Mechanisms..........................oL. 129
5.1  Singularity of the 5R Parallel Mechanism............................ 130
5.1.1 The First Kind of Singularity ...........cc..oooiiiiiiiiiii 130
5.1.2 The Second Kind of Singularity .............ccooeeiviiinn. 132
5.1.3 The Third Kind of Singularity .................ooceeiiiiii. 133
5.2 Singularity of the 2-RRU&1-RR(Pa)R Parallel Mechanism ........ 134
5.2.1 The First Kind of Singularity ...........cc.ooooviiiiiiiii. 134
5.2.2 The Second Kind of Singularity ..............cooceeeiiiiii. 135
5.2.3 The Third Kind of Singularity ................coocoeiiiii. 137
5.3  Singularity of the 2-PRU&1-PR(Pa)R Parallel Mechanism ......... 137
5.3.1 The First Kind of Singularity ............c..oooiiiiiiiiiiin 137
5.3.2 The Second Kind of Singularity ..............cooeeeeviiiinn. 138
5.3.3 The Third Kind of Singularity ................coocoeiiiiii. 139

5.4  Singularity Analysis of Parallel Manipulators Taking

into Account the Motion and Force Transmissibility ................ 140



Contents ix
5.4.1 An Approach to Singularity Analysis
of Parallel Manipulators...........cccooviiiieiiiiiieeenn. 140
542 AnExample........coooiiiiiiii 144
RefEIenCes .. nnee e 148
6 Workspace of Parallel Mechanisms......................coooiiiiiiiiin, 149
6.1  The Planar 5R Parallel Mechanism ................oocoeiiiiiiio... 150
6.1.1 Theoretical WOrkspace ...........oouuuiieiiiiiiiieeeeennnnnnn. 150
6.1.2 Usable WOrkspace ...........ccovviiiiiiiiiiiiiiiiii i, 151
6.2  DELTA ... 153
6.3 A Parallel Cube-Mechanism .............ooeeiiiiiiiiiiiiiiiiien... 156
6.4  Two 3-[PP]S Parallel MechaniSms..........cccovvieiiiiniiinneeinnn.. 158
6.4.1 Tilt Angle of a Spherical Joint................oooceiiiiiiit 158
6.4.2 Orientational Workspace of the 3-PyPyS
Parallel Mechanism ..............coooiiiiiiiiiiiiiiiiee... 160
6.4.3 Orientational Workspace of the 3-PyRS Parallel
MeChaniSm........oouuiiiiiiiiii e 161
6.5  The Spatial 2-RRU&1-RR(Pa)R Parallel Mechanism ............... 162
6.5.1 Constant-Orientation Workspace ............ccoeeeeeiiinnnn. 164
6.5.2 Reachable Workspace ............oooiiiiiiiiiiiiii i, 165
6.5.3 Rotational Capability of the Mobile Platform ............... 165
6.5.4 Example.........ooiiiiiii 167
6.6  The Spatial 2-PRU&1-PR(Pa)R Parallel Mechanism................ 171
6.6.1 Constant-Orientation Workspace ............cooeeeeeviinnnn. 171
6.6.2 Reachable Workspace ..........c.ooooiiiiiiiiiiiiiin i, 171
6.6.3 Rotational Capability of the Mobile Platform ............... 173
6.6.4 Example.... ..ottt 174
6.7  The Spatial 6-RUS Parallel Mechanism ....................ooooee.. 178
References ......ueei i 180

Part III Optimal Kinematic Design

7 Performance Evaluation of Parallel Mechanisms ........................ 185
7.1  Jacobian-Matrix-Based Performance Evaluation .................... 186
7.1.1 Local and Global Conditioning Indices ...................... 186

7.1.2  Good-Condition Workspace .............c.oooieiiiiiiiin 187

T1.3  SUINESS . 194

7.2 EITOI/ACCUTACY ...ttt e 196
7.3  Motion/Force Transmissibility and Its Index ......................... 200
7.3.1 Problems withthe LCL .......... ..., 200

7.3.2  One SOIUtION .. ...uuu e 200

7.3.3 Mathematical Foundation ................ccooviiiinnnnnnn. 206

7.3.4 Input Transmission Index ... 210

7.3.5 Output Transmission Index ... 214

7.3.6 LTI and GTI of Parallel Mechanisms......................... 216



Contents

7.3.7 Good-Transmission Workspace.............oooeeieiiiiinnnn. 217
7.3.8 EXamMPIes......oveeiiiii 218
7.4  Closeness to SINgUIATIties ........coovviiuiiiiiiiiiiiiiii ... 224
7.4.1 Performance Indices...........cooviiuiiiiiiiiiiiiiiiiiiiii. 225
742 EXaAMPIeS... ..ottt 227
Appendix: LTI of the Planar SR and PRRRP Parallel Mechanisms ........ 233
ReferencCes . ..o.uneee i 236
Dimensional Synthesis of Parallel Mechanisms .......................... 239
8.1  Parameter Design Space..........oooviiiiiiiiiiiiiiiiiiiiiii 240
8.1.1 Establishing the Parameter Design Space .................... 240
8.1.2 Relationship Between a BSM and Its SMs................... 246
8.2  Performance Chart............ccooiiiiiiiiiiiiiiiiiiii e, 248
8.2.1 Jacobian Matrix-Based Performance Chart .................. 248
8.2.2 LTI-Related Performance Chart ...................ooooeee.. 261
8.3 A General Procedure for Dimensional Synthesis .................... 268
84 EXamPIes.......ouiiiiiii 272
8.4.1 Jacobian-Matrix-Based Design ...............cccooiiie.t. 272
8.4.2 Motion/Force Transmissibility-Based Design ............... 284
References .. ....ueeie i 289
Kinematic Optimal Design of a Spatial 3-DOF Parallel Manipulator . 291
9.1 Inverse Kinematics .........o.uuiiiiiiiiiiiiiiiiiiiiiie e, 293
9.2 Optimal Design of the Parallel Manipulator.......................... 294
9.2.1 Performance Atlas...........cccoviiiiiiiiiiiiiiiiiiiiii. 295
9.2.2 Dimensional Synthesis Using the Performance Atlases..... 299



2 Springer
http://www.springer.com/978-3-642-36929-2

Parallel Kinematics

Type, Kinematics, and Optimal Design
Liu, X.-.; Wang, J.

2014, X, 309 p.,

ISBN: 978-3-642-36029-2



	Contents

