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High-robust and energy saving control of air turbine spindle using HPQR
Tomonori KATO

The purpose of this research is to establish a quick and robust rotation control method of an air turbine spindle and
apply it to an ultra-precision machine tool. We developed the high-precision quick-response pneumatic pressure
regulator (HPQR) to control of air supply pressure of the air turbine spindle. We also set a disturbance force
observer in the feedback control system to avoid changes of the rotation speed due to disturbance forces imparted
to the air turbine spindle. The effectiveness of the proposed method was demonstrated through an air power
evaluation experiment by rotation control and a disturbance force giving experiment. Compared with the
conventional method, the superiority of the proposed method is clearly shown in terms of quick response,
robustness, and low energy consumption. In order to demonstrate the effectiveness of the proposed method, a new
air turbine spindle system equipped with rotation control devices was designed and fabricated for the use in an
ultra-precision milling machine. The effectiveness of the proposed method with the newly developed air turbine
spindle has been demonstrated through rotation control experiments and disturbance giving experiments. The
robustness and energy-conserving characteristics of the proposed method were demonstrated.
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Fig.3 Experimental results of rotation speed control

Table 1 Experimental result of the rotation speed

Time constant Settling time
Control method
[s] [s]
Rotation control 1.3 9.55
Constant pressure control 6.9 20.49

Table 2 Experimental result of integral value of air power

Integral value of

Control method ) Reduction [%)]
air power [kJ]
Rotation control 5.94
46.2
Constant pressure control 11.04
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Fig.5 Experimental result of the milling experiment
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Development of Walking Training System using High-Performance Shoes
Yasuhiro HAYAKAWA*, Kazuma KANEZAKI**, Shogo KAWANAKA**, Shigeki DOI ***

In this study, we produce High-Performance Shoes that can shows the status of walking balance on Android-powered
device. To show the status, we create an android application for presentation of status of walking balance in real time.
Further, we also produced Walking Assist High-Performance Shoes that can change stiffness of the insole.

Key Word: Rehabilitation, Shoes, Walking Training, Android, Head Mounted Display
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Development of the fluid power actuator using EHD phenomenon

Kazuyuki MITSUI*,Tomohisa TAKAHASHI*, Yousuke SATHO*, Hiroaki Nagase*,
Sumitaka TERASAKA™, Takeharu SHIMOOHKAWA "™

Recently, many types of fluid power actuators are used in a lot of field. However, this type of actuator has

many problems such as occurrence of the vibration and noise. It is because this type actuator needs the

peripheral device such as the compressor and the pump. To solve this problem, we decided to develop the

new type of fluid power actuator by using the electro-hydro-dynamics (EHD) phenomenon which makes

insulating fluid flow when a high voltage electric field is applied to that fluid.

Key Words : EHD, actuator, robot hand, snake type robot
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Separation and Elimination of Air Bubbles from Hydraulic Fluids
Sayako SAKAMA”", Yutaka TANAKA", Ryushi SUZUKI™

Hydraulic fluids typically become aerated during use. Air bubbles entrained in hydraulic fluids cause
numerous problems in hydraulic systems. Active bubble elimination devices that use swirl flow capable of
separating and eliminating air bubble from the hydraulic fluid have been proposed and developed by
researchers in our Smart & Clean Hydraulic Project. In this paper, we provide a brief description of the air
bubble separation and elimination system and describe its principle of operation when installed in a hydraulic
circuit to physically remove air bubbles from the hydraulic working fluid. This study investigates the high
performance of the air bubble separation and elimination system, using experimental flow visualizations and
numerical simulations of the device. The bubble removal system can be used to mechanically remove air
bubbles from hydraulic fluids; this offers advantages such as the possibility of smaller reservoir sizes and

lower overall system cost.

Key Words: Bubble eliminator, CFD, Entrained air, Flow visualization, Hydraulic systems
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Table 1 Dimensions of bubble eliminator
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Performance Improvement of Hydraulic Systems with Bubble Elimination
Yutaka TANAKA”, Sayako SAKAMA”, Hiroyuki GOTO™, Ryushi SUZUKI™

A certain amount of air bubble is always present in a hydraulic fluid. Air bubbles entrained in hydraulic fluids
cause numerous problems, such as the acceleration of oil degradation, decrease in lubricity, reduction in
thermal conductivity, cavitation erosion, and higher noise emissions. Air bubbles in working hydraulic fluids
must be actively separated and eliminated to realize performance improvement of hydraulic systems. Active
bubble elimination devices that use swirl flow capable of separating and eliminating air bubble from the
hydraulic fluid have been proposed and developed by researchers in our Smart & Clean Hydraulic Project. In
this paper, the improvement of oil aging, oil temperature rise, effective bulk modulus and cavitation erosion
are experimentally investigated in our laboratory’s test. The bubble removal in the oil is essential to the
prevention of oil deterioration, temperature rise, cavitation erosion and reduced oil rigidity.

Key Words: Air bubble, Bubble elimination, Cavitation erosion, Hydraulic systems, Oil degradation
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Measurement of Effective Bulk Modulus for Hydraulic Fluid with Entrained Air
Hiroyuki GOTO", Sayako SAKAMA™, Yutaka TANAKA™

Hydraulic fluids typically become aerated during use. Aeration strongly influences the bulk modulus of
hydraulic fluid because air is significantly more compressible than oil. Entrained air in the form of bubbles
reduces the effective bulk modulus. Air bubbles in working fluids must be actively separated and eliminated to
realize performance improvement of hydraulic systems. Active bubble elimination devices that use swirl flow
capable of separating and eliminating air bubble from the hydraulic fluid have been proposed and developed
by researchers in our Smart & Clean Hydraulic Project. In this paper, we focus on the relation between the
change in bulk modulus and the elimination of bubbles from hydraulic fluid. We conclude that the change in
bulk modulus of the bubble-eliminated oil influences system performance with respect to positioning, power

loss, response time, and stability in the hydraulic system.

Key Words: Air bubble, Bubble elimination, Effective bulk modulus, Hydraulic systems, Tangent bulk modulus
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Design of Advanced Mechatronics by Functional Fluid Power

Yutaka TANAKA", Haruka KANBE", Naoyuki HAYASHIDA"
Shinichi YOKOTA™, Kazuya EDAMURA™

A fluid power actuation has a great potential to realize simple, miniaturized and high-powered actuation
system. Our research aims at the establishment of design and fabrication to perform miniaturization, high
accumulation and high densification by integrating micro fluid power actuation system using high-powered
micro robots. A pumping function generating fluid power is considered to be one of the most important
elements in the fluid power actuation system. Electro-Conjugate Fluid, ECF can directly convert electric
energy into kinetic energy of the fluid without mechanical moving parts. Prototype models of high-powered
and miniaturized micro pump module using the ECF for micro fluid power actuation systems are fabricated
and experimentally investigated. New shape and arrangement of electrodes is proposed and fabricated to
miniaturize the high-powered micro ECF micro pump.

Key Words: ECF, Electrodes, Functional Fluid, Fluid Power Actuation, Micro Pump
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Research on Industrial Applications of Parallel Kinematics Mechanism

Yutaka TANAKA”", Kohei WATANABE", Ryoto MARUYAMA”
Saori SETOGUCH]I", Hiroyuki GOTO™

Spatial parallel mechanism has been widely used to realize rigidity, high accuracy, multi-degrees-of-freedom
and complicated motion in application of industrial fields such as machine tools, coordinate measuring systems,
robot manipulators and motion simulators. In our project team innovative machine tolls based on the parallel
mechanism have been proposed and developed to fabricate flexible shape of tubes or evaluate anisotropic
materials. Motion simulators based on tripod parallel mechanisms has been also proposed and developed to
realize six-degrees-of-freedom for compact motion platforms. In this paper we introduce to apply the parallel
kinematics mechanism to concept design of the innovative machine.

Key Words: Material testing machine, Motion simulator, Parallel kinematics mechanism, Tube bending machine
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Fig.1 Versatile bending machine

Fig.2 Schematic structure of the proposed material
testing system
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Motion Platform

Fig. 3 Rotational type of tripod parallel mechanism

Visual
System

Rotational Joint

Motion Platform

Fig. 5 Analysis of motion by pilot through visual system

Table 1 Maximum displacements and angles of motion

platform simulating the aircraft motions

King Air Boeing 737 Boeing 747
x -1.40 ~1.82m -0.17 ~1.84m -0.06 ~1.25m
y -0.25 ~0.48 m -0.14 ~0.08 m -0.04 ~0.04 m
z -1.03 ~0.67 m -4.59 ~1.58 m -0.64 ~1.23m
1) —-6.3 ~10.9 deg -5.6 ~2.8 deg —-2.1 ~2.3 deg
-36.3 ~26.7deg | —36.2 ~3.5deg | -23.7 ~1.8deg

) -1.5 ~1.7 deg -0.9 ~1.3 deg -1.0 ~0.9 deg
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Study on Pump Using Electro-hydro-dynamics (EHD) Fluid Flow
Keitaro HAMADA", Kazuyuki NAKAGAWA", Tetsuhiro TSUKIJI"

A functional fluid flows by itself when electric fields are applied to the functional fluid. This phenomenon is called EHD
(electro hydro dynamics) phenomenon. Using the EHD phenomenon, it is possible to utilize the functional fluid flows to
pumps with fewer parts and sliding areas. We produced multi-holes electrode pump. This pump was arranged some
cylindrical electrode pair (some holes) on the same electrode plate. The pumps have some feature. First, the structure is
simple and processing is easy. Second, we can reverse the one-way flow by replacing the positive electrode with the
negative electrode. We used the HFE-7100 (Hydro Fluoro Ether) as functional fluid causing the EHD phenomenon. We
measured pressure-flow rate characteristics of the two pumps connected in series when voltage is applied to the multi-
holes electrode pump (N7DIWI1GI1 pump) 2500V and 3000V. And we compared the pressure-flow rate characteristics to
those of the cylindrical electrode pair pumps using liquid crystal as the functional fluid measured in the past. Furthermore,
we produced new multi-holes electrode pump (N9D1WI1G1 pump). We measured pressure-flow rate characteristics of
the two pumps connected in series when voltage is applied to the new multi-holes electrode pump (N9D1W1G1 pump)
3000V.

Key Words: Functional Fluid, Electro Hydro Dynamics, Pump
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Fig.1 The drawing of a N7D1W1G1 pump
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Fig.2 The drawing of a N9D1W1G1 pump
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Control technology and simulation for oil-hydraulics
Kazushi SANADA”

This study presents a simulation model of pipeline dynamics as an example of control technology and
simulation for oil-hydraulics. The author proposed the optimized finite element model of pipeline dynamics,
which is finite element approximation of the equation of motion and the continuity equation of uncompressible
fluid flow in a pipe. Grid spacing for the finite element approximation is adjusted in order to improve accuracy
of natural angular frequencies of the model against theoretical values. The optimized finite element model is
represented by a state equation widely used in the field of control engineering. It is easy to implement the
model to commercial simulation software. As an example, control technology and simulation using the
optimized finite element model applied to common-rail injection system is introduced. Usage of the finite
element model improves accuracy of control technology and simulation.

Key Words : Oil-hydraulics, Control, Simulation, Modeling, Pipeline dynamics
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Fluid Power Science
Toshiharu KAZAMA”

Mechanical Systems Design Laboratory at Muroran Institute of Technology is a research laboratory in
Hokkaido, Japan, involved in fluid power systems and components. To improve further reliability and
performance of the systems, there is a need to overcome the complex problems and to understand the
fundamental phenomena. We, therefore, name ‘Fluid Power Science’ and tackle on doing the science,
especially relating to tribology of hydraulic pumps, motors, cylinders, and valves, optimal design of bearings,
and mechanism of erosion caused by cavitating jets for oil- and water-hydraulics.

Key Words : Tribology, Oil/Water-hydraulics, Cavitation erosion, Bearing/Sealing parts, Equipment
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What's FPSci?

Fluid power is a term describing engineering and
technology by using a fluid (liquid or gas) to transmit
power. To improve further reliability and performance,
there is a need to overcome the problems relating to
tribology and cavitation and to understand the
fundamental phenomena. We, therefore, name ‘Fluid
Power Science’ and tackle on doing the science, unifying
the results, and creating novel fluid power systems.

Mixed THL

Tribology is the key technology of the next generation
pumps and motors in terms of high quality, high
efficiency, high power density, noise reduction, and
tap-water use. A modified lubrication model has been
developed, which includes effects of roughness
interaction, surface contact, lubricant properties, heat
generation, and elastic deformation.

Pump Test

According to salient issues included in the Kyoto
Protocol, reduction in the environmental burden imposed

by fluid power components has become very important.
To construct the optimum design, thermal effects on
lubrication have been investigated experimentally by
measuring tribological parts’ temperatures and pump
performance of piston, vane, and gear types.

Piston Slipper

To improve reliability and performance of swashplate
axial piston pumps and motors, bearing/sealing parts
between the a slipper and a swashplate have been studied.
Theoretical modeling and numerical calculation have
been pursued. An in-house test rig was built. The slipper
attitude and temperature distributions are tried to be
measured under actual operating conditions.

Jet Cavitation

Cavitating jets in hydraulic components, especially for
high pressurization and with tap-water, cause serious
problems such as erosion. Based on jet cavitation erosion
test and simple visualization technique, the mechanisms
of erosion have been investigated and the methods to
reduce erosion have been proposed, including the effects
of liquid types.
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Relation between Gap of Electrode and Performance of Mesh Type ECF-pump

Yasuo SAKURALI’, Takeshi NAKADA™, Kazuya EDAMURA™

An Electro-conjugate Fluid (ECF) is one of functional fluids. A strong jet flow is generated between a pair of
electrodes when a high voltage is applied to ECF through the electrodes. By the use of this strong jet flow, a
pump with simple structure, no noise, no vibration and no sliding part can be developed. From this view point,
the authors had developed the printed circuit board multi-layered type ECF-pump and the tube type ECF-pump
in order to realize a new liquid cooling system for CPU by ECF. And the performance of the liquid cooling
system composed of the printed circuit board multi-layered or the tube type ECF-pump had been investigated.
To realize the new liquid cooling system by ECF, it is necessary to make the size of the ECF-pump more
compact. Accordingly, the authors has been proposed a compact ECF-pump. This pump is composed of
nickel-plating metallic meshes as electrode, an acrylic spacer to decide the gap of the electrodes, acrylic
flanges to connect pipes. This pump is manufactured by pasting these components with an epoxy bonding
agent. The merit of this ECF-pump is that the structure is simple, how to manufacture is easy, and the gap of
the metallic meshes as electrode can be determined by only the thickness of the acrylic spacer easily. To
investigate the basic characteristics of the proposed ECF-pump, various experiments have been carried out. In
this article, the performance of the ECF-pump is shown. Namely, the experimental results on the relation
between the gap of the metallic mesh electrodes and the performance of the ECF-pump is described. These
experimental results show that the ECF-pump has remarkable properties when the gap between two metric
meshes as electrode is set at 0.1mm.

Key Words : Functional Fluids, Electro-conjugate Fluid, Pump, Metric mesh
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Dynamic Characteristics of Force Sensor for Skull Care
Takahiro NAGAYA¥*, Yasuo SAKURAI**, Toshitomo HONDO***

Recently, the number of the patients with temporomandibular joint disorder is increasing. Their chief
complaint is disturbance of mouth opening, abnormalities in temporomandibular joint, or a pain of temporal
region. Furthermore, the number of the patients with temporomandibular joint disorder is projected to increase
because of a change of Japanese diet, that is many Japanese preferably eat soft foods. Main treatment for
temporomandibular joint disorder is to adjust teeth alignment by using a bite plate. However, this
treatment is symptomatic therapy and it is difficult to cure temporomandibular joint disorder by using this
treatment. Then, skull care has been proposed, which is a new method of treatment for temporomandibular
joint disorder. And, a number of good treatment results by skull care have been reported. However, skull care
depends on the maneuver of the dentist who has developed the method. In order to make a number of dentist
use skull care, it is required to develop a system to check and instruct the magnitude of force applied to a
patient by a dentist at least. As the first step to realize this system, it is necessary to develop a sensor to
measure the magnitude of force without giving a pain to a patient. In this article, two kinds of sensors are
shown, one is for measuring the magnitude of force applied to cranial part through the palm of the dentist and
another one is for measuring that applied to the gums through the finger of the dentist. The experimental
results for static and dynamic characteristics of these sensors are described. And it is shown that these sensors
have the satisfactory characteristics.

Key Words : Pneumatics, Force sensor, Dentistry, Temporomandibular joint disorder, Skull care
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Proposal of a Component Restricting Pressure Drop Based on Leakage
Yu ISHIKAWA*, Yasuo SAKURAI**, Norikazu HYODO***, Kenichi AIBA***

This article deals with a component to restrict pressure drop based on a leakage. One of the advantages of an
oil-hydraulic system is to keep the value of oil pressure when pressurized oil is enclosed in a container.
However, when the pressurized oil is enclosed in a head end or a rod end chamber of an actuator by a check
valve or shut-off valve, the value of the oil pressure is deceased by the leakage from the check valve or the
shut-off one. In order to prevent this, it is required to employ a non-leakage valve which is expensive, to use an
accumulator or to control the pressure by using a valve or a pump control. From the view point of cost
reducing or energy saving, it is necessary to prevent this pressure drop by using a simple mechanism. In this
article, a component to prevent the pressure drop is proposed to realize this. The proposed component is
composed of a metal container within an elastic element. The energy of oil is stored in the elastic element.
When the pressure is decreased by the leakage from a valve, the energy in the elastic element is supplied to oil
and the pressure drop is prevented. Thus, the structure of the proposed component and the mechanism to
prevent the pressure drop are simple. The proposed component is fabricated and some experiments are carried
out in order to confirm the validity of the mechanism to prevent the pressure drop and to make clear its basic
characteristics. Consequently, it is shown that the mechanism of the proposed component is valid and the value
of the enclosed pressure is kept at 86-93% of that of the enclosed initial pressure after one hour by using it.

Key Words : Oil-hydraulic component, Leakage, Pressure Drop, Energy-saving
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Simulation Package OHC-Sim Ver.2.7
for Design of Oil Hydraulic Circuit and Analysis of its Dynamic Characteristics

Yasuo SAKURAI*, Kazuhiro TANAKA**, Takeshi NAKADA*** Takehisa KOHDA****

To make the design and the improvement processes of an oil-hydraulic circuit more effective and systematic, it
is effective to predict the dynamic characteristics of the circuit beforehand by computer simulation. And then,
it is necessary to derive the mathematical model for the circuit and to make the program for computer
simulation. Therefore, some exclusive simulation packages had been developed, which provide the
environment where an oil-hydraulic circuit can be designed and improved easily based on the simulated
dynamic characteristics without deriving mathematical models and making simulation program. OHC-Sim is
one of such exclusive simulation packages. It had been developed with the support of JFPS (the Japan Fluid
Power System Society) and has been enhanced in the research committee of JFPS. OHC-Sim has a
user-friendly graphical user interface in Windows® environment, and provides easy design and improvement
of an oil-hydraulic circuit referring to the simulated results on personal computer. Furthermore, OHC-Sim has
the user-customized function, which is based on bond-graph method. By using this function, users can register
the mathematical models for their own new oil-hydraulic components to the database of OHC-Sim, and it
becomes possible to carry out the simulation of the dynamic characteristics of a complicated oil-hydraulic
circuit. In this article, outline of OHC-Sim Ver.2.7 is described.

Key Words : OHC-Sim, Oil-hydraulic circuit, Dynamic characteristics, Simulation
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Modeling and Displacement Control of Water Hydraulic McKibben Muscles
Wiataru KOBAYASHI", Kazuhisa ITO™, Shin-ichiro YAMAMOTO ™™

This paper concerns with displacement control and online parameter estimation of water hydraulic McKibben
muscles. The purpose is to compensate the effect of loads connected with the muscles because loads strongly
affect the control performance. In this paper, model predictive control is applied and a nominal model is
obtained by linear system identification. Then recursive least square algorithm is combined with the proposed
control to identify muscle parameters in real-time. Compared with a conventional control, this method can

compensate the harmful effect of loads.

Key Words: Water hydraulics, McKibben muscles, Recursive least squares, Model predictive control
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Sensorless Cylinder Velocity Control of Water Hydraulic System

with Long Pipelines
Takashi OKAMOTOQ", Kazuhisa ITO™

This paper presents a method for velocity estimation for water hydraulic control system with long pipelines. Pipeline
dynamics should be considered in water hydraulic systems because the resonance of pressure in the pipeline is occurred
due to lower viscosity of a pressure medium. A simple approximated four-pole model is introduced to estimate the
system dynamics based on pressure and flow rate. Using this model, the cylinder velocity is first estimated, and then it
is applied to feedback control. The experimental results show that velocity control is realized with estimated velocity.

Key Words : Water Hydraulics, Sensorless, Long-Pipeline, Four-pole model, Transfer matrix
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Abstract: The paper proposes “Micro hydraulics” using integrated ECF jet generators in series and parallel and
describes the fabricating process of the ECF micropump as a power source of micro hydraulics using MEMS
technology. ECF is a kind of functional and dielectric fluid. A strong and active jet flow of ECF is generated between
electrodes surrounded by ECF when high DC voltage is applied to the electrodes. This phenomenon called as ECF
effect is a promising candidate for micro actuation, thanks to the advantages of miniaturization and high output power
density. The micropump using ECF jet is a key to realize a micro hydraulics, so its realization results in the micro
powerful actuation. To combine easy fabrication and high performance, we propose a novel ECF micropump that
consists of triangular prism electrode and a slit electrode pairs (TPSE). MEMS-based ECF micro-pumps with TPSE
pairs are successfully fabricated. Its maximum output pressure and flow rate are 60 kPa (no flow) and 310 mm®/s (no
load), respectively at 3 kV of the applied voltage. As a method to obtain higher output power, this research also make
an attempt to fabricate higher aspect ratio of TPSE pairs by forming them in the multilayer, called as the 3D
integration of TPSE pairs. We successfully realized the 3D integration of TPSE pairs by using the combination of
micro mechanical fabrication technique and thick photoresist lithography. The height enlarges by 1.7 times, while the
flow rate increases by 2.1 times. The experiment results prove the feasibility of the ECF micropumps by using higher
aspect ratio electrodes fabricated by the multi-layer process.

Key Words: Microhydraulics, Functional fluid, Electro-conjugate fluid, ECF-jet generator, Micropump, MEMS
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Microactuator Systems Using Electro-Rheological Fluid
Kazuhiro YOSHIDA*, Snag In EOM*, Jonn-wan KIM*, Shinichi YOKOTA"

This paper presents microactuator systems using electro-rheological fluid (ERF). The ERF changes its
apparent viscosity due to electric field, and its flow can be controlled with a simple ER microvalve. In this
paper, as research topics, an ER microfinger system using an alternating-pressure source and a divided
electrode type flexible ER valve (DE-FERV) are introduced.

Key Words : ERF (electro-rheological fluid), Microactuator, Alternating pressure, Soft actuator, MEMS
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Fig. 3 ER mrcroﬁngers fabricated by MEMS process
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Abstract: In this study, a new method to advance and to carry wired sensors like a camera inside narrow and curving pipelines is
proposed, which is aimed at watching the condition inside the pipelines. In order to increase the advancing distance and to carry a
wired camera, the alternately-actuated drawing out type drive is proposed. In this method, since the tube is alternately pressurized,
the area of the tube which passes in A-drive can be confined. As a result, the robot has many features with the superiority of the
drawing-out type drive actuator. Finally, it is experimentally verified through experiments that this robot is able to go through some
narrow and curving pipelines.

Key words: Mobile mechanism, Pneumatic, Pipe inspection robot
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AT A4 REFHREART 7 F 2= —4: A-drive
FOUTHERT: & AN &8 H1T
Abstract:  This paper discusses a new type of fluid powered actuator sliding along a flexible tube. The actuator named
A -drive is composed of a flat tube and a slider. In the slider, the tube is bent and then the buckling point occurs, which
helps to cut off the fluid passage and to seal in order to provide the driving force to the slider without generating large
friction. In this paper, after the conventional sliding actuators are compared, the design method of the proposed actuator
for making stable drive possible, the classification of the driving mode, and the analysis of the output force are

discussed. Finally, as one of the applications of the actuator, the active drive of the zipper is proposed and its feasibility
is shown.

Key words: Soft actuator, Pneumatics, Water hydraulics, Search & rescue, medical robot
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Table 1 Specification of the developed gondola

Length 920mm
Height 282mm
Width 250mm
Weight 21kg
Applied water pressure | 0.4MPa
Speed 300mm/s
Output power 180W
Payload 60kgf
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WA SR L, EOEMEEMER L.

[1] Yotaro Mori, Hideyuki Tsukagoshi, Ato Kitagawa, “Fluid
Powered Ropeway: Self-propelled Probe Sliding Along Flexible
Tube”, Journal of Robotics and Mechatronics, Vol.23, No.2,
215-224 (2011)
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Aerial work robot with manipulation function
-Aiming for door opening operation-

EWOEGL, BRE BRE, O RE,

e 7517 GRTKR)

Takahiro HAMADA, Tokyo Institute of Technology
Ryuma IIZUKA, Tokyo Institute of Technology
Masahiro WATANABE, Tokyo Institute of Technology
Dameitry Ashlih, Tokyo Institute of Technology
Hideyuki TUKAGOSHI, Tokyo Institute of Technology

This paper describes on the development of an aerial work robot with the manipulation function. Until now, a
moving means of the search robot for a dangerous building has been developed by the crawler. However, the crawler
is difficult to correspond to the place uneven terrain and the elevation of the ladder. In order to solve the problem, it is
suggested the flying robot with a manipulation function approach to make its own access road. This time, we propose
a method for implementation of door opening. And, through experimentation, we have verified the effectiveness of

this approach to the problem.

Key Words: Rescue robot, Aerial manipulator, Pneumatic actuator
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Power-Saving Magnetization Device for Magnetorheological Fluid Control

(Research and Development on Functional Fluid in SATO Laboratory, Yokohama National University)

Yasukazu SATO

Sato Lab. in YNU proposes two mechanisms for controlling the viscosity of a magnetorheological fluid (MRF)
to save a significant amount of electric power consumed during the magnetization process. The mechanisms
take advantage of the magnetization / demagnetization property of permanent magnet materials and the
permanent magnet nature. Those consume no electric power while maintaining the applied external magnetic
field to the MRF. The devices can also continuously control the intensity of the magnetic field using very little
electric power. The magnetizing devices are very effective in maintaining the magnetic field to the MRF, while
saving a significant amount of electric power. The devices are especially useful in applications where long

duration magnetization necessary.

Key Words : Magnetorheological fluid, Power-saving, Electromagnetic system, Viscosity
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magnetizing device for magnetorheological fluid control
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Power-saving Airtight Pneumatic System using Pressure-resistant Thin-wall
Metal Bellows Air Springs

(Research and Development on Pneumatic Systems in SATO Laboratory, Yokohama National University)
Yasukazu SATO

Sato Lab. in YNU is developing the active air-spring system with pressure-resistant metal bellows for posture
control of a vehicle in turning, accelerating and decelerating motion. In turning, the vehicle tends to tilt to the
outside of the curve by the centrifugal force. This roll motion reduces the grip force of the front and rear tires
inside of the curve. The vehicle involves the pitch motion by its inertia in accelerating and in decelerating. For
maintaining the grip performance of all the tires, the roll tilting and pitch tilting have to be restored by the
stiffness control of the air-spring suspension system of all wheels. The system consists of metal bellows type
air-springs in each wheel suspension. The metal bellows type air-spring suspension and air compressor are
specially designed to have a high-pressure-resistant property up to 0.7MPa. The pneumatic power is
transmitted through the power-saving airtight closed circuit, which is effective both for supplying and

recycling the power.

Key Words : Air suspension, Metal bellows, Vehicle posture control, Actuator, Compressor
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Table 1 Pressure-resistant thin-wall metal
bellows specification

Item Specification
Material SUS304
Thickness 0.15 mm
Diameter, Pitch 68x50, 4 mm
Viscoelasticity ring | Oring, JIS1A S48
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Fig.1 Pressure-resistant thin-wall metal bellows
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Fig. 2 Stress distribution of conventional thin-walled
metal bellows at an inner air pressure of 0.7 MPa
(maximum stress of 800 MPa is observed at the inner
fold)
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Fig. 3 Stress distribution of pressure-resistant
thin-walled metal bellows with viscoelastic rings at
the inner air pressure of 0.7 MPa (a stress about ~370
MPa is observed at the inner fold)
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Development of Pneumatic Welfare Robot
Masahiro TAKAIWA, Daisuke SASAKI and Kentaro HIRATA

In Japan, we are facing highly aged society, where robot technology is necessarily required to
assist functionally deteriorated person or support nursing labors. We have been developing
human support robot to be applied as rehabilitation or power assist work. In the IFPEX, we
exhibit some kinds of developed welfare robots, power assist glove and power assist wear
using pneumatic soft actuator and walking support shoes using wearer’s weight.

Key words: Rehabilitation, Power assist, Pneumatic soft mechanism, Walking support shoes
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Nanoscale Positioning of Fine Motion Stage Driven by Pneumatic Bellows

Tomokuni MIZUNO", Toshinori FUJITA®

The semiconductor industry requires accurate stage positioning, in the order of nanometers, for many
fabrication processes. In addition, the demand for precision positioning of nanometer-order is increasing with
the progress of nanotechnology. Currently, such precise positioning is realized using a stage driven by a
piezoelectric element. However, the piezo-electric element has disadvantages of low durability and short stroke.
These disadvantages can be removed by the use of a pneumatic bellow actuator instead of a piezoelectric
element. In this study, a stage for fine movement has been developed with air bearing driven by pneumatic
bellows, and the positioning control method has been examined. Consequently, the positioning accuracy is
0.01£0.9 [nm] and the positioning resolution is 1 [nm] with good positioning repeatability, when feed forward
and proportional-integral (PI) control was performed. It is concluded that the developed stage has precise
positioning accuracy of nanometer-order and can be applied to many cases where the use of a piezoelectric

element cannot be realized.

Key Words : Pneumatics, Position Control, Nanoscale, Bellows, Stage
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Relationship between the Attenuation Characteristics and
Volume Configurations of a Helmholtz Type Hydraulic Silencer

Tetsuya KURIBAYASHI', Takayoshi ICHIYANAGI ", Takao NISHIUMI ™

A Helmbholtz type hydraulic silencer, which is based on the resonance phenomena of a mass-spring-damper system
for its attenuate principle, is known as one of the most practical silencers in the hydraulic systems. The purpose of this
research is to clarify the influence of volume geometry on the attenuation characteristics. In particular, a mathematical
model that considers the flow for the radial direction of the cylindrical volume and the elastic deformation of the
volume vessel wall as effective bulk modulus of working fluid is newly proposed for the design case that L/D is smaller.

Key Words : Hydraulic silencer, Pressure pulsation, Transmission loss, Bulk modulus
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A Hand Rehabilitation Device to Prevent Contracture for Finger Joints
Based on an Occupational Therapy

Hironari TANIGUCHI, Yusuke NAITO

This paper describes the concept, design, prototype and evaluation of the hand rehabilitation device with pneumatic soft
actuators. The device has two different actuators, stepping motors and the pneumatic soft actuators which are used for the range of
motion (ROM) and relaxation exercise. We measured the flexion and extension angles in the rehabilitation test. As the results, we
confirmed that the rehabilitation system is able to provide ROM exercise.

Key Words: Hand rehabilitation, Pneumatic soft actuator, ROM exercises, Relaxation exercises
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Gas Driven Walking Assist System

The study aims to develop the walking assist system which works independently having

all energy source in it. The system has pneumatic cylinders as actuator, so the carbon

dioxide gas is used. It is generated from the slid state dry-ice using environmental heat.

All equipment for gas control that is dry-ice container, control valves, microcomputer

and battery are included in the bag, then the assist system works without using another

power supply
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Development of Power Assisting Suit for Assisting Rescue Crew
Toshihiro YOSHIMITSU*

Mountains rescue and a firefighter's rescue operation in the disaster site of an earth-flow disaster have much
difficulty. Their activity place has much rubble with a sloping ground or an irregular ground, and cannot
perform prompt movement. In such a situation, the rescue efforts in a heavy industrial machine or a rescue
instrument cannot but become rescue it is difficult and according to human power. Activity at a narrow
unstable place, since the foothold is bad, the load to a lower half of the body is high, the injury by fatigue is
induced. Therefore, a prolonged rescue operation with an operator's large burden is difficult. In the irregular
ground or a sloping ground, the assistant suit needs to have the free motion which does not bar activity, and the
motion which assists a joint. In order to work continuously by the irregular ground and sloping grounds, such
as mountains rescue and the time of an earth-flow disaster, the leg power assistant suit aiming at mitigation of
a physical load, extension of activity time, and injury prevention of the rescuer itself is developed.

Key Words : Rescue, Pneumatic actuator, Dash pot
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Development of Pneumatic Apparatus for Assistance of Standing
and Shift in Center of Gravity in the Elderly

Hisami MURAMATSU, Reo TERAUCHI

Japan is facing a super-aged society. It is necessary to close a gap between life expectancy and healthy life expectancy in
accordance with increase average life expectancy. Five-year Strategy for Medical Innovation robot was described in Japan
Revitalization Strategy issued by the Cabinet Office. In conformity with the principle of it, both the METI and the MHLW
advance the undertaking in development and promotion of nursing-care equipment utilized robotics technology. Priority areas of
the undertaking are transferring care, movement support, excretion support and watch support. For the care and the supports, it is
important to hold standing position and to shift in center of gravity in the elderly. We have been developed a pneumatic apparatus
composed from a support device for standing and a support device for shift in center of gravity. The support device for standing
can hold standing posture. The support device for shift in center of gravity can assist stepping motion. Though the elderly
frequently adopts hip strategy when standing posture is unstable, the pneumatic apparatus can’t support motion of the hip strategy.
In this study, we add a new function to the support device for standing in order to assist motion during the hip strategy. The
support device for standing is consisted of a suspender, a stopper, a back gripper, a harness and a belt. Pneumatic artificial rubber
muscles in the back gripper grasp a connecting bar and other pneumatic artificial rubber muscles in the suspender hold a trunk of
the subject. Pneumatic artificial rubber muscles are newly installed to incline the support device for standing. By means of tipping
the suspender to front around the center of the back gripper, the subject wearing the support device for standing inclines to front.
Relationship between angular displacement of the suspender and pressure supplied to the pneumatic artificial rubber muscles is
examined experimentally. It is shown that the improved pneumatic apparatus is available to assist the motion during the hip
strategy judging from trajectories of center of pressure measured by a stabilograph.

Key Words: Pneumatics, Aged person, Hip strategy, Support device, Trajectory of center of pressure, Stabilometer
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Proposal of a Non-Contact Type Interface Using a Motion Sensor
For Endoscopic Robot

Ryoken MIY AZAKI*, Takahiro KANNO**, Gen ENDO**, Kenji KAWASHIMA**

In recent years, the number of endoscopic surgeries is increasing. One of the problems in endoscopic surgery is the disturbance
of endoscopic image due to the jiggling of the scopist's hand. Robotic endoscope holders have been developed to solve this
problem. In this work, a user interface is developed to improve the operability of a robotic holder system while keeping surgeons

and assistants clean. A non-contact type interface using a hand-tracking device is proposed so that the operator can intuitively

command the robot without touching anything. Experimental comparison with other endoscopic manipulation method is

conducted to confirm the effectiveness of the proposed system.

Key Words: Pneumatic system, Endoscopic surgery, Surgical robot, User interface, Motion sensor
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A 4-DOF Forceps Manipulator for Surgical Robot System
Takahiro KANNO®, Kenji KAWASHIMA™

A novel forceps manipulator for the surgical robot system IBIS is developed. The developed forceps has a
4-DOF mechanism inside the abdominal cavity so that pivoting motion around the entry point is reduced,
avoiding the interference with other manipulators, surgeons, or assistants. The 4-DOF motion is realized using
two flexible joints which are driven by push-pull wire of Ni-Ti hyper-elastic alloy, which make the mechanism
of the forceps simple and thus low-cost and reliable. Since the wire of the forceps are driven by compact
pneumatic cylinders, the manipulator is lightweight and achieves high power-to-weight ratio. Since it is
difficult to derive the inverse kinematics of the flexible 4-DOF forceps, a velocity-based control law without
the calculation of inverse kinematics is proposed. The experimental results show that the proposed methods

achieves the good position tracking performance.

Key Words : Surgical robot, Forceps manipulator, Flexible mechanism
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Flow Analysis of Pneumatic Tubes by Computational Fluid Dynamics
Tomoya SUZUKI", Eiji MURAYAMA", Yukio KAWAKAMI™

In order to operate correctly the complicated pneumatic system, it is necessary to investigate the flow
characteristics. Therefore in this research, the geometric model is created for a flow path and performed fluid
measurement conducts fluid analysis for the flow of the air in a difficult flow path by Computational Fluid
Dynamics. And the flow of air is visualized from an analysis result. Finally, comparison and examination are
performed for the flow characteristic by the difference in the flow path.

Key Words: Computational Fluid Dynamics, Pneumatic Tube, Flow Characteristic
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Development of Dynamic Characteristic Tester of the Differential

Pressure Sensor using Isothermal Chamber

Daisuke Sakamoto~, Chongho Youn ™, Toshiharu Kagawa

This paper reports a newly developed pneumatic pressure wave generator. The developed
pressure wave generator responds to the requirement of the dynamic calibration of pressure
sensors that must detect small differential pressures. A closed chamber of about 200 milliliters
capacity is filled with air and stuffed with a thin metal wire bundle. A small piton is inserted to
the cabinet. When the piston moves, the pressure in the chamber changes correspondingly. The
stuffed wire bundle has a large heat capacity which absorbs generated heat by air compression.
Consequently, the air temperature in the chamber is kept almost constant; hence the pressure
amplitude becomes unchanged by the change of frequency of the piston motion. Experiments are
performed with various volume of stuffed wire, whose range is from zero to ten percent of the box
space, and with various frequencies of piston motion.

Key Words : Dynamic calibration, Pressure sensor, Isothermal chamber
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