
Contents 

Part I  Review 

1 Next-Generation Actuators .............................................................................. 1 

Toshiro Higuchi 

 1.1 Introduction ................................................................................................. 1 

 1.2 Micro and Nano Actuators........................................................................... 2 

 1.3 Actuators Using Piezo Elements.................................................................  2 

 1.4 Artificial Muscle and Muscle Like Actuators.............................................. 3 

 1.5 Actuators in Unconventional Enviroments .................................................. 3 

 1.6 Development and Research of New Actuators ...........................................  4 

  1.6.1 Invention of a New Actuator ................................................................ 4 

  1.6.2 Importance of Production Engineering ................................................ 5 

  1.6.3 Control and Drive System .................................................................... 5 

  1.6.4 Standardization of Evaluation .............................................................. 5 

 1.7 Conclusion ................................................................................................... 5  

Part II  High Precision/Nano Actuators 

2  Surface Acoustic Wave Motor Modeling and Motion Control...................... 7 

Minoru Kuribayashi Kurosawa 

 2.1  Introduction ................................................................................................ 7 

 2.2  Principle...................................................................................................... 8 

 2.3  Modeling of Contact ................................................................................. 10  

  2.3.1  Estimation on Physical Model........................................................... 11 

 2.4  Feedback Control...................................................................................... 14 

  2.4.1  Experimental Setup ........................................................................... 14 

  2.4.2  Response of Motor ............................................................................ 15 



viii            Contents 

  2.4.3  Controller and Response....................................................................15 

  2.4.4  Improved Modeling...........................................................................16 

 2.5  Conclusions...............................................................................................17 

3  AZARASHI (Seal) Mechanism for Meso/Micro/Nano Manipulators.........19 

Katsushi Furutani 

 3.1  Introduction...............................................................................................19 

 3.2  AZARASHI Mechanism...........................................................................20 

  3.2.1  Principle of Movement ......................................................................20 

  3.2.2  Performance ......................................................................................22 

 3.3  Driving Method of Piezoelectric Actuator with Current Drive.................23 

  3.3.1  Driving Principle ...............................................................................23 

  3.3.2  Experimental Setup ...........................................................................24 

  3.3.3  Performance ......................................................................................25 

 3.4  Applications..............................................................................................26 

  3.4.1  Precision Positioning with Nanometer-Accuracy..............................26 

  3.4.2  Micromanipulation ............................................................................28 

 3.5  Conclusions...............................................................................................30 

4  Disturbance Observer Design Based on Frequency Domain 

-Application to Robot Manipulator Control Using Brain Wave Signal- ...............31 

Masatake Shiraishi 

 4.1  Introduction...............................................................................................31 

 4.2  Disturbance Model....................................................................................32 

  4.2.1  Two Kinds of Disturbances ...............................................................32 

  4.2.2  Observer for Output Disturbance Estimation ....................................33 

 4.3  Application to a Robot Manipulator Operation by Using Brain  

Wave Signals .............................................................................................33 

4.3.1  Characterization of Senses Using Brain Waves.................................34 

 

4.3.3  Example of Brain Wave Signal Through Disturbance Observer .......37 

4.3.4  Quantification of Fluctuations for Manipulator Operation ................38 

 4.4  Evaluation Test of Manipulator Operation ...............................................38 

4.4.1  Test Method.......................................................................................39 

4.3.2  Detection of α-Wave Frequency Fluctuations...................................35 



Contents            ix 

4.4.2  Subjective Evaluation and Results .................................................... 40 

4.4.3  Objective Evaluation and Results...................................................... 41 

 4.5  Conclusion ................................................................................................ 42 

5  Development of High-Speed Actuator for Scanning Probe Microscopy .... 45 

Yasuhiro Sugawara 

 5.1  Introduction .............................................................................................. 45 

 5.2  Displacement Detection of Piezoelectric Actuator 

            Using Induced Current .............................................................................. 47 

 5.3  Actuator Regulation by Combined Velocity  

            and Displacement Feedbacks .................................................................... 48 

 5.4 Conclusion ................................................................................................. 53 

6  PZT Driven Micro XY Stage.......................................................................... 55 

Takahito Ono 

 6.1  Introduction .............................................................................................. 55 

 6.2  Monolitic PZT XYZ Microstage .............................................................. 56 

6.2.1  Design of Monolitic PZT XYZ Microstage....................................... 56 

6.2.2  Fabrication of Monolitic PZT XYZ Microstage................................ 59 

 6.3  Si-PZT Hybrid Microstage with Moonie Amplification Mechanism ....... 61 

6.3.1  Design of Si-PZT Hybrid Microstage ............................................... 61 

6.3.2  Evaluation of Si-PZT Hybrid Microstage.......................................... 64 

7  Precise Position Stages Using Pneumatically Driven Bellows Actuator 

and Cylinder Equipped with Air Bearings........................................................ 67 

Kenji Kawashima 

 7.1  Introduction .............................................................................................. 67 

 7.2  Coarse Movement Using Pneumatic Cylinder 

             Equipped with Air Bearings ..................................................................... 68 

7.2.1  Pneumatic Cylinder Using Air Bearings ........................................... 68 

7.2.2  High-Performance Pneumatic Servo Valve (HPPSV)....................... 70 

 7.3  Fine Movement with Bellows Actuator.................................................... 71 

7.3.1  Fine Stage.......................................................................................... 71 

7.3.2  Nozzle-Flapper Type Servo Valve Using Slit Structure.................... 72 



x            Contents 

 7.4  Control Method.........................................................................................73 

7.4.1  Coarse Movement..............................................................................73 

7.4.2  Fine Movement..................................................................................75 

 7.5  Experimental Results ................................................................................75 

7.5.1  Coarse Movement Using Pneumatic Cylinder Equipped  

  with Air Bearing ................................................................................75 

7.5.2  Fine Movement with Bellows Actuator.............................................76 

 7.6  Conclusion ................................................................................................77 

Part III  Micro Actuators 

8  Development of a New Nano-Micro Solid Processing Technology  

Based on a LIGA Process and Next-Generation Microactuators....................79 

Tadashi Hattori 

 8.1  Introduction...............................................................................................79 

 8.2  Design and Simulation of Electromagnetic Actuator................................80 

8.2.1  Design of Electromagnetic Actuator..................................................80 

8.2.2  Simulation of the Suction Force of the Electromagnetic Actuator ....81 

 8.3  Fabrication Process for Coil Lines............................................................82 

8.3.1  X-Ray Lithography............................................................................83 

8.3.2  Formation of Seed Layer ...................................................................84 

8.3.3  Electroforming of Copper..................................................................84 

8.3.4  Isotropic Chemical Etching ...............................................................85 

 8.4  Measurements of Suction Force................................................................85 

 8.5  Development of 1 mm Diameter Microcoil ..............................................87 

8.5.1  Dipping Method.................................................................................87 

8.5.2  Results and Discussions.....................................................................87 

 8.6  Conclusions...............................................................................................89 

9  New Microactuators Using Functional Fluids...............................................91 

Shinichi Yokota 

 9.1  Introduction...............................................................................................91 

 9.2  Objective and Research Outline................................................................92 

 



Contents            xi 

 9.3  Some Research Results............................................................................. 93 

9.3.1  ECF Micromotors.............................................................................. 93 

9.3.2  ECF Gyroscopes................................................................................ 94 

9.3.3  Soft Actuators Using Pressure Due to ECF Jets ................................ 95 

9.3.4  Forced Liquid Cooling Systems Using ECF Jets............................... 98 

9.3.5  Microactuators Using ERF/MRF....................................................... 99 

9.3.6  High Output Power Piezoelectric Micropumps............................... 100 

 9.4  Conclusions ............................................................................................ 101 

10  Two-Axial Piezoelectric Actuator and Its Motion Control 

Toward Development of a Tactile Display ...................................................... 105 

Masahiro Ohka 

 10.1  Introduction .......................................................................................... 105 

 10.2  Tactile Display Based on Comb Illusion .............................................. 106 

 10.3  Parallel Type Two-Axial Actuator........................................................ 108 

 10.4  Neural Network Including Feedback Loop........................................... 110 

 10.5  Control System ..................................................................................... 112 

 10.6  Experiment and Discussion .................................................................. 113 

 10.7  Conclusion ............................................................................................ 115 

 

11  High-Performance Electrostatic Micromirrors 

For Accuracy, Low-Voltage Driving, Temperature Stability, 

and High Frequency ............................................................................................ 117 

Minoru Sasaki 

 11.1  Introduction .......................................................................................... 117 

 11.2  Issues for Higher Performances............................................................ 118 

11.2.1  Integration of Sensor ..................................................................... 118 

11.2.2  Low-Voltage Driving of Electrostatic Actuator ............................ 121 

11.2.3  Temperature Stability .................................................................... 122 

11.2.4  Lightening Mirror Plate Keeping Rigidity .................................... 125 

 11.3  Summary............................................................................................... 127 

 

 



xii            Contents 

12  Non-Contact On-Chip Manipulation of 3-D Microtools  

and Its Applications 

(Magnetically Modified Soft Microactuators for Particle Manipulation)............129 

Fumihito Arai 

 12.1  Introduction...........................................................................................129 

 12.2  Magnetically Driven Microtools Actuated by a Focused Magnetic  

   Field for Separating of Micro-Particles................................................131 

12.2.1  On-Chip Sorting by MMT.............................................................131 

12.2.2  Fabrication of MMT and Microchannels.......................................132 

12.2.3  Finite Element Analysis (FEM) of Magnetic Flux Density ...........133 

12.2.4  Magnetic Flux Interaction..............................................................135 

 12.3  On-Chip Production Droplets Using Magnetically Driven Microtool ..135 

12.3.1  Droplet Dispensing by MMT.........................................................135 

12.3.2  Evaluation of Droplet Size.............................................................138 

13  Shape Memory Piezoelectric Actuator and Various Memories 

in Ferroelectric Materials .................................................................................141 

Takeshi Morita 

 13.1  Introduction...........................................................................................141 

 13.2  Shape Memory Piezoelectric Actuator with Imprint Electrical Field ...143 

13.2.1  Driving Principle and Advantages of the Shape Memory  

Piezoelectric Actuator....................................................................143 

13.2.2  Experiments and Results ...............................................................144 

 13.3  Optical Transmittance Memory Effect .................................................146 

13.3.1  Background and Principle..............................................................146 

13.3.2  Experiments and Results ...............................................................146 

 13.4  Magnetic Force Memory Effect with a Magnetostrictive-Shape  

   Memory Piezoelectric Actuator Composite. ........................................148 

13.4.1  Principle of the Magnetic Force Effect..........................................148 

 13.5  Conclusions...........................................................................................151 

 

 

 



Contents            xiii 

14  Design and Fabrication of Micro Pump 

for Functional Fluid Power Actuation System................................................ 153 

Yutaka Tanaka 

 14.1  Introduction .......................................................................................... 153 

 14.2  Electro-Conjugate Fluid........................................................................ 155 

 14.3  ECF Pump Module ............................................................................... 155 

 14.4  Pumping Performance .......................................................................... 158 

14.4.1  Experimental Setup ....................................................................... 158 

14.4.2  Effect of Gap Distance .................................................................. 159 

14.4.3  Effect of Inner Diameter................................................................ 160 

 14.5  Cylindrical Type of ECF Pump ............................................................ 161 

 14.6  Conclusions .......................................................................................... 163 

Part IV Intelligent Actuators 

15  Intelligent Actuators for Mechatronics with Multi-Degrees of Freedom 

Making Mechatronic Systems Simple, Smart and Reliable ................................ 165 

Koichi Suzumori 

 15.1  Introduction .......................................................................................... 165 

 15.2  Intelligent Electrical Motor Realizing Snake-Like Robot .................... 166 

 15.3  Intelligent Pneumatic Cylinders for Active Linkage Mechanisms ....... 169 

15.3.1  Intelligent Pneumatic Cylinder Realizing Active Polyhedron....... 169 

15.3.2  Intelligent Pneumatic Cylinder Realizing Intelligent Chair........... 171 

 15.4  A New Pneumatic Control System Using Multiplex Pneumatic  

Transmission ......................................................................................... 173 

 15.5  Conclusions .......................................................................................... 174 

16  Actuation of Long Flexible Cables Using Ciliary Vibration Drive ......... 177 

Satoshi Tadokoro 

 16.1  Introduction .......................................................................................... 177 

 16.2 Ciliary Vibration Drive Mechanism ...................................................... 178 

 

 

 



xiv            Contents 

 16.3 Observations and Modeling of Ciliary Vibration Drive.........................179 

 16.4 Optimal Design for Active Scope Camera.............................................181 

16.4.1 Inclination Angle of Cilia ...............................................................181 

16.4.2 Diameter and Density of Cilium.....................................................181 

16.4.3 Interval of Vibration Motors...........................................................183 

 16.5 Prototype of Active Scope Camera........................................................183 

 16.6 Fundamental Performance of Active Scope Camera .............................184 

16.6.1 Motion Speed..................................................................................184 

16.6.2 Turning Capability in Narrow Gaps ...............................................184 

16.6.3 Turning Capability in Open Space .................................................185 

16.6.4 Surmounting Bump.........................................................................186 

 16.7 Search Test in Collapsed House Simulation Facility .............................186 

 16.8 Conclusions............................................................................................187 

17  Micro Cilium Actuators in Group..............................................................189 

Nobuyuki Iwatsuki 

 17.1  Introduction...........................................................................................189 

 17.2  Fabrication of Micro Cilium Actuators in Group..................................190 

17.2.1  Fundamental Fabrication Process ..................................................190 

17.2.2  Partial Ni Plating ...........................................................................191 

17.2.3  Fabrication of PZT Thin Film with the Hydrothermal Method .....192 

17.2.4  Electrostatic Flocking and Jointing by Soldering ..........................194 

17.2.5  Jointing Electrodes with Ni Plating ...............................................196 

 17.3  Driving Experiments of Micro Cilium Actuators in Group ..................198 

17.3.1  Piezo Drive of a Micro Cilium Actuator .......................................198 

17.3.2  Sheet Conveying Experiment of Micro  

                     Cilium Actuators in Group .............................................................200 

 17.4  Conclusions...........................................................................................201 

18  Novel Thin-Type High-Speed Ultrasonic Motors  

and Gyro-Moment Motors..........................................................................203 

Manabu Aoyagi 

 18.1  Introduction...........................................................................................203 

 18.2  Concept and Investigated Items ............................................................204 



Contents            xv 

 18.3  Motor Type A: Annular Plate-Type USM Using 

  the Mon-Axisymmetric ((1,1)) Vibration Mode .................................. 205 

18.3.1  Operating Principle........................................................................ 205 

18.3.2  Measurement Results..................................................................... 206 

 18.4  Motor Type B: Ultrasonic Motor Using a Multilayer Piezoceramic  

Vibrator ................................................................................................. 207 

18.4.1  Mode-Coupled Vibrator and Vibration Modes.............................. 207 

18.4.2  Operating Principle and Motor Construction ................................ 208 

18.4.3  Operating Characteristics of the Test Motor ................................. 209 

 18.5  Motor Type C: Piezoelectric Single Crystal Ultrasonic Motor............. 210 

18.5.1  Principles and Fundamentals of the Design................................... 211 

18.5.2  Experimental Results for an Ultrasonic Motor .............................. 212 

 18.6  Motor Type D: Gyro-Moment Motors.................................................. 214 

18.6.1  Driving Method of the GMM ........................................................ 215 

18.6.2  Some Prototype GMMs................................................................. 216 

18.6.3  Application to Toys ....................................................................... 217 

 18.7  Conclusion ............................................................................................ 217 

19  Biochemical Pump with Enzymatic Reaction 

- Organic Device with an Active Transportation System -.................................. 219 

Kohji Mitsubayashi 

 19.1  Introduction .......................................................................................... 219 

 19.2  Experimental Section............................................................................ 220 

19.2.1  Construction of Biochemical Pump............................................... 220 

19.2.2  Evaluation of Pump Behavior........................................................ 221 

 19.3  Results and Discussion ......................................................................... 221 

 19.4  Conclusions .......................................................................................... 224 

20  Domain Wall Engineering in Lead-Free Piezoelectric Materials 

and Their Enhanced Piezoelectricities............................................................. 227 

Satoshi Wada 

 20.1  Introduction .......................................................................................... 227 

 20.2  Domain Size Dependence of BaTiO3 Crystals with Engineered  

   Domain Configurations........................................................................ 228 



xvi            Contents 

20.2.1  Domain Size Dependence on E-Filed and Temperature................230 

20.2.2  Domain Size Dependence of the Piezoelectric Property  

 Using 31 Resonators......................................................................232 

20.2.3  Domain Size Dependence of the Piezoelectric Property  

  Using 33 Resonators......................................................................234 

 20.3  Role of Non-180˚ Domain Wall Region on Piezoelectric Properties....236 

 20.4  What is Domain Wall Engineering? .....................................................240 

 20.5  Conclusions and Future Trends ............................................................241 

21  IPMC Actuator 

Next Generation Medical Actuator Using Ion Polymer Metal Compound .........245 

Tadashi Ihara 

 21.1  Introduction...........................................................................................245 

 21.2  Fabrication of IPMC .............................................................................246 

 21.3  Force Measurement...............................................................................247 

 21.4  Impedance Measurement ......................................................................248 

 21.5  Sensing Characteristics .........................................................................250 

 21.6  Driving IPMC Actuator ........................................................................251 

Part V Power Actuators 

22  Pneumatic Rubber Artificial Muscles and Application  

to Welfare Robotics ...........................................................................................255 

Toshiro Noritsugu 

 22.1  Introduction...........................................................................................255 

 22.2  Background of Research .......................................................................256 

 22.3  Pneumatic Rubber Artificial Muscles ...................................................256 

 22.4  Standing Assist Device .........................................................................258 

 22.5  Power Assist Glove...............................................................................259 

22.5.1 Two Joints Type Power Assist Glove ............................................259 

22.5.2  Generated Force in Pinch Operation..............................................261 

 22.6  Elbow Power Assist Wear ....................................................................262 

 

 



Contents            xvii 

22.6.1  Sheet-Like Curved Type Rubber Artificial Muscle ...................... 262 

22.6.2  Operation and Fundamental Characteristics  

                      of Power Assist Wear .................................................................... 263 

 22.7  Assist of Rotary Motion........................................................................ 265 

 22.8  Conclusions .......................................................................................... 265 

23  Dynamic Characteristics of Ultrasonic Motors 

Nonlinear Dynamic Analysis of Traveling Wave-Type Ultrasonic Motors ........ 267 

Takashi Maeno 

 23.1  Introduction .......................................................................................... 267 

 23.2  Related Work........................................................................................ 268 

 23.3  Measurements of Driving Characteristics............................................. 269 

 23.4  Mathematical Modeling........................................................................ 271 

23.4.1  Oscillator Model ........................................................................... 272 

23.4.2  Contact Iinterface Model ............................................................... 273 

23.4.3  Rotor Model .................................................................................. 274 

 23.5  Numerical Simulations ......................................................................... 274 

 23.6  Conclusion ............................................................................................ 276 

24  Actuator with Multi Degrees of Freedom.................................................. 279 

Tomoaki Yano 

 24.1  Introduction .......................................................................................... 279 

 24.2  Multi Pole Spherical Synchronous Motor............................................. 280 

24.2.1  Design ........................................................................................... 280 

24.2.2  Drive System ................................................................................. 282 

24.2.3  Experimental Results..................................................................... 283 

 24.3  Hexahedron-Octahedron Based Spherical Stepping Motor .................. 285 

24.3.1  Design ........................................................................................... 285 

24.3.2  Drive Principle .............................................................................. 286 

24.3.3  Experimental Results..................................................................... 288 

 24.4  Conclusions .......................................................................................... 290 

 

 



xviii            Contents 

25  Segment-Structured Diamond-Like Carbon Films Application 

to Friction Drive of Surface Acoustic Wave Linear Motor............................291 

Masaya Takasaki 

 25.1  Introduction...........................................................................................291 

 25.2  SAW Linear Motor ...............................................................................292 

 25.3  Segment-Structured DLC Films ...........................................................294 

 25.4  S-DLC Slider. .......................................................................................295 

 25.5  S-DLC Stator Transducer .....................................................................296 

 25.6  New Segment Structure ........................................................................298 

 25.7  Conclusion ............................................................................................300 

26  Mechanism of Electroactive Polymer Actuator 

Multi-Scale Analysis Using Computational Techniques .....................................303 

Kenji Kiyohara 

 26.1  Introduction...........................................................................................303 

 26.2 Structure of the EAP Actuator ...............................................................305 

 26.3 Symmetrical Analysis: a Millimeter Scale Analysis..............................306 

 26.4 Elasticity Theory: a Micrometer Scale Analysis....................................309 

 26.5 Monte Carlo Simulation: a Nanometer Scale Analysis..........................310 

 2 .6 Conclusions............................................................................................312 

27  Development of a Polymer Actuator Utilizing Ion-Gel as Electrolyte ....315 

Hisashi Kokubo 

 27.1  Introduction...........................................................................................315 

27.1.1  EAP Actuators ..............................................................................315 

27.1.2  Ionic Liquid and Ion-Gel ...............................................................316 

27.1.3  Ion-Gel Actuators ..........................................................................316 

27.1.4  Selection of the Polymers Constituted of Ion-Gel .........................318 

 27.2  Experimental Part .................................................................................319 

27.2.1  Materials and Measurements ........................................................319 

27.2.2  Preparation of the Polymer-Ion-Gel Actuator Using P(VDF/HFP)  

as the Polymer Network ................................................................319 

27.2.3  Preparation of Ion-Gel Film Using SMS as a Polymer Network ..320 

 27.3  Results and Discussion .........................................................................320 

6



Contents            xix 

27.3.1 Dependence on Carbon Materials .................................................. 320 

27.3.2  Characterization of SMSs and Application for the Actuator ........ 324 

 27.4  Conclusion ............................................................................................ 327 

28  Compact MR Fluid Actuator for Human Friendly System..................... 329 

Junji Furusho 

 28.1  Introduction .......................................................................................... 329 

 28.2  Clutch-Driven Actuator Using MR Fluid (MR Fluid Actuator) ........... 330 

 28.3  Basic Structure of Compact MR Fluid Clutch (CMRFC)..................... 331 

 28.4  5Nm-Class CMRFC.............................................................................. 331 

 28.5  40Nm-Class CMRFC............................................................................ 333 

 28.6  New MR Fluid Using Nano-Size Particles ........................................... 334 

 28.7  Conclusion and Future Work................................................................ 335 

29  Development of Actuator Utilizing Hydrogen Storage Alloys................. 337 

Akio Kagawa 

 29.1  Introduction .......................................................................................... 337 

 29.2  Fabrication Process of Bimorph Structure Utilizing HSA.................... 340 

 29.3  Effect of the Width of Bimorph Structure Specimen  

on Its Bending Behavior........................................................................ 341 

 29.4  Effect of Sputtered Pure Pd Layer on the Bending Behavior  

of V-Ti Alloy Actuators ........................................................................ 342 

 29.5  Bending Behavior of Pd-Ni Alloy Actuators........................................ 344 

 29.6  Control of Bending Behavior of the Actuator....................................... 345 

 29.7  Rotational Motion of Actuators ............................................................ 347 

 29.8  Summary............................................................................................... 348 

Part VI Actuators for Special Environments 

30  Development of New Actuators for Special Environment ....................... 351 

Toshiro Higuchi 

 30.1  Introduction .......................................................................................... 351 

 30.2  Thermally Driven Actuator................................................................... 352 

30.2.1  Configuration and Principle ......................................................... 352 



xx            Contents 

30.2.2  Thermal Impact Drive Actuator ....................................................354 

30.2.3  Temperature Characteristics .........................................................354 

 30.3  Micro Magnetostrictive Actuator..........................................................356 

30.3.1  Micro Magnetostrictive Vibrator ..................................................356 

30.3.2  Micro Positioning Device .............................................................358 

30.3.3  Temperature Characteristics .........................................................360 

 30.4  Conclusion ............................................................................................361 

31  Applications of Electrostatic Actuators Within Special Environments ..363 

Akio Yamamoto 

 31.1  Introduction...........................................................................................363 

 31.2  Advantages of Electrostatic Actuators in Special Environments ..........364 

 31.3  Electrostatic Actuation in Liquid Nitrogen ...........................................365 

 31.4  High-Power Eelectrostatic Motor and Its Application  

to Special Environments......................................................................366 

31.4.1  High-Power Electrostatic Motor ...................................................366 

31.4.2  Performance Evaluation in High Vacuum ....................................367 

31.5  Applications of High-Power Electrostatic Motors  

for MRI Related Studies ........................................................................369 

31.5.1  Needs for Non-Magnetic Actuators in MRI Related Studies .......369 

31.5.2  Evaluations of the High-Power Electrostatic Motor  

in MR Environment  .....................................................................369 

31.5.3  Application to Biomechanical Modeling ......................................370 

31.5.4  Applications for Haptic Interfaces ................................................372 

31.6  Conclusions ..........................................................................................372 

32  Micro Actuator System for Narrow Spaces 

Under Specific Environment ............................................................................375 

Takefumi Kanda 

 32.1  Introduction...........................................................................................375 

 32.2  Structure................................................................................................376 

32.2.1  Micro Ultrasonic Motor and Sensor .............................................376 

 32.3 Attitude Control Unit .............................................................................380 

 



Contents            xxi 

32.3.1 Structure and Evaluation Results.................................................... 380 

 32.4 Conclusion ............................................................................................. 384 

33  Development of Ultrasonic Micro Motor with a Coil Type Stator.......... 387 

Yuji Furukawa 

 33.1  Introduction .......................................................................................... 387 

 33.2  Driving Principle of Ultrasonic Micro Motor  

      with a Coil Type Stator ................................................................................. 388 

 33.3  Development of Ultrasonic Micro Motor with Coil - Type Stator ....... 389 

33.3.1  Structure of Ultrasonic Micro Motor............................................. 389 

33.3.2  Driving Performance ..................................................................... 389 

33.3.3  Development of Ultrasonic Micro Motor with Outer Case ........... 391 

 33.4  Development of Ultrasonic Micro Motor with Foil Type Stator .......... 393 

33.4.1  Principle of Ultrasonic Micro Motor with Foil Type Stator .......... 393 

33.4.2  Prototype of Ultrasonic Micro Motor with Foil Type Stator......... 394 

33.4.3  Performance of Ultrasonic Micro Motor with Foil Type Stator .... 395 

 33.5  Development of Direct Drive Ultrasonic Micro Motor ........................ 396 

33.5.1  Development of Ultrasonic Micro Motor 

          with Shortened Waveguide........................................................................ 396 

33.5.2  Development of Ultrasonic Micro Motor  

          with PZT Made Stator ............................................................................... 397 

 33.6  Conclusion ............................................................................................ 398 

34  Self-Running Non-Contact Ultrasonically Levitated Stage ..................... 401 

Daisuke Koyama 

 34.1  Introduction .......................................................................................... 401 

 34.2  A Self-Running Standing Wave-Type Bidirectional Slider  

for the Ultrasonically Levitated Thin Linear Stage ............................... 402 

 34.3  Estimation of the Slider Moving Direction by FEA ............................. 403 

 34.4  Levitation and Propulsion Characteristics of the Slider ....................... 404 

 34.5  Configuration of the 2D Stage .............................................................. 407 

 34.6  Levitation and Propulsion Performance of the 2D Stage...................... 408 

 34.7  Conclusions .......................................................................................... 411 



xxii            Contents 

35  Development of Shape Memory Actuator for Cryogenic Application....413 

Koichi Tsuchiya 

 35.1  Introduction...........................................................................................413 

 35.2  Effect of Severe Plastic Deformation on Microstructure  

of TiNi Shape Memory Alloy................................................................415 

35.2.1  Experimental Procedures ...............................................................415 

35.2.2  Results and Discussion ..................................................................416 

 35.3  Martensitic Transformation in Cu-Al-Mn Alloys  

at Cryogenic Temperatures....................................................................419 

35.3.1  Experimental Procedures ...............................................................419 

35.3.2  Results and Discussion ..................................................................420 

 35.4  Summary...............................................................................................422 

36  Development of Environmental-Friendly Lead-Free Piezoelectric  

 Materials for Actuator Uses........................................................................425 

Hiroaki Takeda 

 36.1 General Introduction ..............................................................................425 

 36.2 Bismuth Tungstate Mono-Domain Crystals...........................................426 

36.2.1 Backgraound...................................................................................426 

36.2.2 Crystal Growth of BWO.................................................................426 

36.2.3 Physical Properties of BWO...........................................................427 

 36.3 BaTiO3-Based Ceramics ........................................................................429 

36.3.1 Backgraound...................................................................................429 

36.3.2 Preparation and Basic Properties of Ceramics................................430 

36.3.3 Curie Temperature and Piezoelectric Property 

                     of BT-BNT Ceramics .....................................................................431 

 36.4 Ultrasonic Motors Using Share-Mode Vibration...................................433 

36.4.1 Background.....................................................................................433 

36.4.2 Synthesis of Lead-Free Piezoelectric Ceramics..............................433 

36.4.3 Fabrication of Disc-Type Traveling-Wave USMs..........................434 

 36.5 Summary................................................................................................437 



http://www.springer.com/978-1-84882-990-9


