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Development of High-Value-Added Walking Training System
Toshiaki NAGATO “and Yasuhiro HAYAKAWA *

The purpose of this study is to develop a walking training system for elderly people. This
system consists of three components: a wearable walking assist device, a high-performance shoes,
and an active walker. In this study, a wearable walking assist device to support them is
developed. Their walking speed and step can be improved by supporting a flexing action of hip
joint. The device is required to have a lightweight, simple structure, and portability. Therefore a
pneumatic rubber artificial muscle which has a lightweight and high power-weight ratio is used
as an actuator. Further, CO2 gas cartridge tank is used to realize a portability instead of air
compressor as air pressure source. In the experiment, myogenic potential is measured when
subject wearing the wearable walking assist device walks on a treadmill. The number subject is
five students (healthy adult males). From some experimental results with respect to both
walking speed and step, similar waveforms are obtained. When the assist function is on state,
the average maximum value of myogenic potential decreases as compared with turned off state.
In other words, it became clear that this device can perform similar walking even with small
muscular strength. Therefore, it can be said that the wearable walking assist device has a
walking assistance function. In the future, we will actually experiment with the elderly people,
and improve with the opinions of them. In this paper, descriptions on the development of
high-value-added walking training system, the structure of the wearable walking assist device,
and experimental results and their evaluation are described.
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Tablel Specification of Air Pressure Source

Weight | Output Pressure
Size [mm]
[a] [MPa]
CO2 Gas Regulator $29x63 169 0~0.7
CO2 Gas Cartridge 294 7.0
¢ 40 x 133
Tank (220) (25.5°C)
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Table2 Experimental Result

Maximum Maximum Maximum
Myoelectric Potential Flexion Angle Extension Angle
et [mV] [deg] [deg]
OFF 1.36 21.0 175
ASSIST
ON 0.79 225 15.8
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Rotation Control of Air Turbine Spindle and Tool Wear Estimation
Tomonori KATO"

In this article, a disturbance-compensating and energy-saving rotation control method of an air turbine spindle
is explained. The method utilizes rotation feedback control with disturbance force observer. In order to realize
quick supply pressure control, a high precision quick response pneumatic pressure regulator (HPR), which has
been developed by the author and his group is used. In a former research, the superiority of the method is
explained by experimental results using an air power meter, which is a device to evaluate the energy
consumption of pneumatically driven elements. In this article, by applying the rotation control method to
milling experiment, an in-process tool wear estimation method is proposed. The possibility of the proposed

method is shown with some experimental results.

Key Words : Pneumatics, Air turbine spindle, Rotation control, Tool wear estimation
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Fig.5 Tool trajectory in milling experiment

Table 1 Specification in milling experiment

Tool Ball end mill
Tool radius [mm] 1
Number of cutting tooth 2
Size (LxW=H) [mm] 300x150%30
Machine tool Rakuraku-mill 3V
Lubricated condition Semi-dry
Type of milling Down cut
Rotation speed N [min'!] 20,000
Axial depth of cut @z [mm] 02 0.15
Pick feed Pr[mm] 0.3 0.1
Feed rate f [mm/min] 2,000

Fig.6 Observed flank wear in milling experiment
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Development of Pneumatic Power Assist Robot
Daisuke SASAKI®

The purpose of this study is to develop power assist device, which is easy to use like normal clothes and does
not restrict movement, and portable air supply system. User can be assisted by wearing this one on which the
pneumatic soft actuator, which has a high power weight ratio and a light weight, is put. The developed air
supply system, which can retrieve compressed air from an actuator, is effective to decrease energy
consumption. This air supply system is effective to downsize whole system. In addition, the developed valve

has features such as small size and light weight, by using pneumatic soft actuator.

In this paper, outlines of

the developed power assist wear, and portable air supply system, air-operated valve are described.

Key Words : Pneumatic, Wearable robot, Soft actuator, Compressor, Energy saving
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Development of Assist Suit for Rescue
Toshihiro YOSHIMITSU", Yusuke TAJI", Naoya KONNO®, Naoki FUJITA"

In recent years, loss of lives and rescue has increased for nature disaster for example Mt.Ontake eruption. In
rescue operations what active “long hour”, “outdoor” and “hill”, is broken out exhaustion and injury. Then, we
invented to Assist Suit for outdoor activities because it’ll be effective in preventing injury and tired. Assist Suit
we invented uses a pneumatic cylinder different of a lot of Assist Suit including HAL the representative Assist
Suit made by Cyber Dyne use an electric motor helped joint torque. Using pneumatic cylinder for Assist Suit,
it has advantaged at weight and long hour activities we thought. In this study, we putted stress to making control
system for Assist Suit and inserting a spring element in power source experimentally.

Thereby we found some good result of experiments, measuring of damping torque, range of motion and sensing
system for Assist Suit’s control system. Now introduce that.
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Tablel Specification table
Elements TYPE I TYPE I
Size [mm] 816%368%252 | 973%475%X266
Weight 3.6kg 7.1kg
Pneumatic Pneumatic

Power Source Cylinder(b16) Cvlind 32

Gas Spring (98N) ylinder(¢32)
Knee range of motion 90Degrees 120Degrees
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Table 2 Speed Controller Aperture

Slope angle Aperture

Odeg < O Open

-Sdeg < H= 0Odeg 1/4Close

-10deg < B= -5deg 1/2Close
-15deg <0= -10deg 3/4Close
0 = -15deg Close

Table 3 Experimental results of stepping exercise
Decision for experiment
© :good o :pass A :difficult x : unable

Type Step One step Two step
pass pass
UP TYPE I O AN A
TYPEI © © @)
DOWN TYPE I O AN X
TYPEI © © @)
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Rehabilitation Device to Prevent Contractures of the Thumb Joint
Hironari TANIGUCHI", Ruito AOYAMA™

Contracture may occur in joints when the body is paralyzed due to accidents or diseases. It takes a lot of time
to treat the contracture, and it also involves pain. Therefore, it is known that it is important to prevent
contractures. We have developed a range of motion (ROM) training device using pneumatic soft actuators to
prevent contractures. The proposed pneumatic soft actuator with soft material has many advantages such as
low mass, flexibility, safety and user-friendliness. In this paper, we describe the results of ROM test using the
device that can perform ROM training for joints of the thumb.

Key Words : Soft actuator, Rehabilitation, ROM exercise, Pneumatics
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Fig.1 Prototype of rehabilitation device for the thumb
joints.
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Fig. 2 The operation of the actuator used for palmar
abduction
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Table.1 The results of ROM trial
Subject Subject Subject

NO.1 NO.2 NO.3
palmgr No Good Good No Good
abduction
palmar
adduction Good Good Good
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CPM Device for Ankle Joints using Pneumatic Soft Actuators
Hironari TANIGUCHI", Sachio OHE

The onset of a stroke often causes movement disabilities like partial paralysis. If the condition does not
improve, contractures may occur in some joints and muscles. Therefore, it makes daily life difficult for the
patients. Normally, range of motion (ROM) exercise is prescribed by therapists to prevent the joints
contracture and improve the patient's symptoms. However, the patients cannot receive enough rehabilitation,
because the time of therapy from the therapist is limited. Thus, the purpose of this study is to develop a
rehabilitation device for ankle joints. In this paper, we report the methods of ROM exercises for ankle joints
using pneumatic soft actuators. We fabricated an experimental device with mechanism elements and pneumatic
equipment. We also confirmed the performance of our proposal through the experiments.

Key Words : Soft actuator, ROM exercise, Ankle joint, Pneumatics
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Fig.1 Prototype of CPM device for ankle joints
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Fig. 2 The measurement results of plantar flexion motion.
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Fig. 4 The measurement results of abduction motion.

Fig. 5 Abduction motion
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Evaluations of Standing Position on Soft Object and Shift of Center

of Gravity in Elderly Utilized Pneumatic Apparatus

Hisami MURAMATSU", Minae WATANABE ™

A pneumatic equipment for postural balance in an elderly has been developed. In this paper, the pneumatic equipment is
improved and usefulness for a pseude-elderly is confirmed in two points of view; standing position and shift of center to
the left and to the right. Firstly total locus length and area of sway of center of pressure in the pseude-elderly utilized the
pneumatic apparatus are reduced in the case of standing position. It is shown that standing position becomes stable.
Secondly a trajectory of shift of center to the left and to the right in the pseude-elderly is occurred at the forefeet. On the
other hand the trajectory in the pseude-elderly utilized the pneumatic apparatus shifts at the center of the foot. Moreover,
the trajectory swing width toward back and force decreases. It is cleared that the trajectory is close to that of the support

person.

Key Words : Pneumatics, Rehabilitation, Center of pressure, Stabilometer, Sway length, Area of sway
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Power Assist Suit
Keijirou YAMAMOTO*, Chie MOGAKI**, Takayuki TEZUKA**

Wearable power assist suit which utilized pneumatic bellows actuators is developed. The suit is able to work at
low air pressure and is to be slim and lightweight. In addition, the waist unit of this suit has a waist joint and
hip joints which are assisted by the actuators independently. The obstruction of walking is canceled by this
construction and the suit become able to assist walking. Further, this suit is able to assist the wearer at the
patient's transfer from a low-floor bed. In order to assist the legs, the newly developed pneumatic actuators are
used to lift up the hip. This pneumatic actuator consists with bellows inserted in cylinders that slide with each
other. This actuator has the large ratio of maximum length to minimum length, so the wearer of this suit is

possible to transfer the patient on a low-floor bed.

Key Words : Power assist suit, Pneumatic bellows actuator, Lifting up the hip, Waist joint, Hip joints, Knee joints
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Fig.1 Power assist suit using a bellows actuator and a cylinder actuator with a built-in bellows
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Actuators with built-in bellows
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Fig.2 Air cylinder actuator with built-in bellows
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Power Assist Hand and Leg
Keijirou YAMAMOTO*, Takayuki TEZUKA**, Chie MOGAKI**

The power assist hand and leg consist of bellows and plates which function as joints and bones. As human
fingers and leg the plates sandwich the bellows between them. The thumb of the power assist hand is provided
with the function of the saddle joint similar to a human finger. Therefore the thumb is able to abduction and
adduction and that is also possible to flexion and extension. In addition, abduction and adduction between each
finger and the curvature of the back of the hand are also enables. Lightweight artificial hand of the half of the
human hand is achieved by housing the newly developed very small piezoelectric pump in the portion of the

arm of the artificial hand.

Key Words : Power assist hand, Power assist leg, Robot hand, Pneumatics, Bellows
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Fig.3  Master slave system of power assist hand
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Pneumatically Actuated Tendon Drive Assist Robot Arm
Daichi KIMURA”, Yukito MINOWA”", Shogo ARAO", Osamu OYAMA™

Currently, the declining of birthrate and the aging population are progressing in Japan. So it is necessary to
reduce the burden of caregiver to elder populations. We focused the burden of caregiver when he assist the
standing up motion of human from the seat position. In order to avoid the load stress to caregiver, this action
may be substituted by the robot arm assist, of course it must be safe and comfort. In this report, we will show the
pneumatically actuated tendon driven care robot arm assisting the human motion of stand up.

Key Words: Robot Arm, Pneumatic Controlling, Care Assistance, Psychological evaluation
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Pneumatically Walking Support Brace Equipment
Yuichi HITAJIMA®, Kohei KUBO", Shun HASEGAWA", Osamu OYAMA™

The working support brace equipment having a neutral mechanism that we develop is able to cut off the power
transmission from rubber artificial muscle to driving joint of equipment and then it can release the movement
of the knee joint. Therefore, moving of knee becomes free in swing phase of human leg. In the result, the
human feelings of incongruity in walk that occurs when he/she uses walking support equipment can be

reduced.

Key Words: Neutral mechanism, Artificial muscle, Pneumatics, Walking support, Care equipment
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Fig.1 Pneumatic Walking Assist Equipment
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Development of Human Support System Using Pneumatic Drive
Masahiro TAKAIWA

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 using pneumatic driving
systems, since they have some advantages from view of human support applications. In the
IFPEX 2017, some of the developed devices are displayed and introduced in this article.

Key words: Human support system, Rehabilitation, Power assist, Pneumatic drive
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Trajectory Control of Pneumatic Stage with Air Bearings
Considering Servo Valve Dynamic Characteristics

Makoto NAOI”, Hiroki SUGIYAMA™, Toshinori FUJITA™

Previously, we developed the air servo stage available ultra-precise positioning where seals are removed
from the pneumatic actuator to reduce the effects of friction force, and the slider of the actuator is mounted

with air bearings. The air servo stage available is required not only positioning accuracy but tracking

performance for trajectory, applying the pneumatic stage to semiconductor manufacturing equipment.
However tracking performance in accelerating is not sufficient and considerable tracking error occur. One of
reasons is target trajectory not considering the valve dynamic characteristics. The other reason is calculation
delay of the controller using a micro-computer. This paper describes solutions for these problems and better

trajectory control results applying solutions to air stage.

Key Words : Pneumatics, Ultra-precise control, Trajectory Control, Air Stage, Air Bearings
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Study on Wind-Powered Air Compressor
Naoya KANAZAWA ~, Toshinori FUJITA™

Electrical air compressors consume 15% of energy used in industry. Now we must reduce the emission of
greenhouse gases to prevent grovel warming. However, in an electric compressor, the further reduction of the
greenhouse gas by energy saving, such as inverter drive or multi unit control technique, becomes difficult. As a
method of the reduction of the greenhouse gas, the use of the wind power energy is advancing. This paper
proposed the wind powered air compressor which produces compressed air by the wind energy. This paper
describes Its detail. Finally, the prototype of wind powered air compressor could achieve adequate output

pressure for industry use.

Key Words : Pneumatics, Air compressor, Windmill, Hydraulics, Energy Saving
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Fig.2 Structure of Wind-Powered Air Compressor

Check valve  Check valve

P out

Fig.3 Detail of air compressor

MV T DNIBED T2 DI 3 ARD T Y 4 % 120 FED
NMARZEZ RO X I ICEE L7 7 V7V E R b oM
Lz, VU UHEORTE 14[mm], A ha—7
gImm]TH 5. KV U XIZIF oD F = v 7 N
BT onTEY, EAFRHILI OZEKHIEMS
A, HEL RIZe s g I T, BEX R
VT FRERFIIZERNTA L, F = v 7 FROBE & JEMEZE
KBELND. IRy — MR ROTZD U — KFp
TlER F=y 73 AV

B EOEA & Bp Yy, RIEEORELIT %%
25 L, WITEBEOGFNIRE TE 2 LIRS 722
V. HARDOFRP R EUETH 580 3 [MSIFRE TH D,
JE) AR 2~5[m/s] DR EGE T h=s I < Bfliid %
ZEMMETHD. F I CHEEIIEEHTE b
I LD ZEBEELZRH Lz, 70 IRET
PIBAEIL 6 #, v —& —ERIX 570[mm] & L7z,

3. BEAEMEHOFE

R U 72 J8\ 7 A 2 JBUE 3 [mis]BRE L, J£ 770k
BERHE LR ERIE L, iR %E Figd oo, Hl
ENIRIRREZE L 2 FIR IR O EIRILE I R as %
FIR L7z, BARBIZIZR) et 2 a8 L,
DR ENERE I BCRAIL, 2 OR[N
SHED B RURDOIRRE AL 0 & A 1572,

0.2r

[£ AA[MPa]

10

FhEE[%)]

0 ‘ 260 ‘ 4(30
FRE[mlimin]

Fig.4 P-Q characteristics and efficiency

X &0 Rk E 1T 0.36[MPal, & K2hR13K
10%CTH D Z Enbnd. TIROEAE DR A H
J£ 771 0.8[MPalfiithk Tdh 2 DITHfET 5 LK. &%
KH-HFEDMENERITE R o FEAICBT 5T
v PRV 2—ATHY, ZNEHIETEIUETHRE
MO RKHIES & 72 5 & TSRS,

—75, NV OER X BEOHE G R KR IT
60% CH VY, BED L ZAREI X DERRIEEDF
1% 40%FEE TH 5. F 7= BENEAEEE DN IL 50%H]
®BTHDH. LIEN-T, b LEANEEICLY Ed=
VTV EEEN LT L 20%RETHY, =
A& T 5 & BAEREE ORI E TR & 2
5. PR DI EREE AR & B EREN~ > F
YT LTV RN EEZLI, ZORTEHEDR
HZH 5.

4. £ ®

JE ) = L X — T IEMEZE R & R AR T B R ) A
MEAREE - BUE L7, ReRMHEI B X ORI
ELHEITERW RS EORMNH O, BSEAEE D
EREDOFREMER 312D Z E BTz,

SE R
D R EREES OB =R BTk, BAT L

— R U — 27 A5E4EE, 41-5, 280/283 (2010)

2) Al s WA T AR, BRAEHIRR (2004)



BiEEEET D Helical BRHEETZ I Fa1rT—4
ITEFERIKER", BT
Helical Type Fluid Powered Actuator with High Traction Rate
Ginjiro KAWANO®, Hideyuki TSUKAGOSHI"

This paper describes a helical-actuator which can generate much higher contraction rate than conventional
contraction actuator such as McKibben artificial muscle. Recent years, robots have entered human life, and the
relationship between humans and robots is closer. So it is required that such robots are flexible and lightweight.
For this reason, McKibben artificial muscle is widely used as an actuator to move such robots. However,
McKibben artificial muscle has a problem that it can’t generate high contraction rate. So, the driving range of
the robots is limited. The helical-actuator we proposed this paper can solve that problem. We checked its

property by various experiment and prove its effectiveness.

Key Words : Soft actuator, Pneumatics
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Soft compact valve inducing self-excited vibration
Yuji MIYAKI, Hideyuki TSUKAGOSHI",

This paper describes the development of a new valve that switches the pressurized modes by self-excited vibration
instead of using electricity. Recently pneumatic soft robots are developed actively which can move narrow
environments by taking advantage of its flexibility. Generally, solenoid valves are used to drive pneumatic soft robots,
but they are hard to be used in environments where explosion-proof performance is required such as a chemical plant.
Therefore, we developed a new valve and checked its function by experiments. Then we show the effectiveness of our
method by realizing the propulsion of a pneumatic mobile robot in which installed the valve.

Key Words : Soft actuator, Pneumatics, Valve
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Meter-out Circuit of Pneumatic Cylinder with High Speed Solenoid Valve
Hayato KAWAMURA ", Yukio KAWKAMI"™

In this study, we first investigate into the static characteristics by flow rate test when the high speed solenoid
valve is controlled by PWM. As result, it has been found that the static characteristic of the high speed
solenoid valve is linear. Next, the driving experiment of the pneumatic cylinder is carried out using the
proposed meter-out circuit. As result, the measured equilibrium velocity became equal to theoretical value.
From this, we have found that the meter-out circuit using the high speed solenoid valve proposed by this study
is useful for the velocity control of the pneumatic cylinder.

Key Words : Pneumatic, High speed solenoid valve, Cylinder, Meter out, Velocity control, PWM control
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Analysis on Energy Efficiency of Booster Valve with Energy Recovery
Jongha LIM", Kohei IIDA™, Kotaro TADANO, Toshiharu KAGAWA”"

This paper describes the result of an analysis on energy efficiency of booster valve with energy recovery.
Pneumatic systems are widely used in variable industries such as automobile production line. Recently, those
factories have reduced supply pressure for saving an energy consumption. Instead, pneumatic booster valves
that usually amplify a pressure twice are applied to the process where a high pressure is still necessary.
However, although the pneumatic booster valves let us save energy by setting air compressors at a low
pressure, it wastes some energy by exhausting compressed air that occurs during its process. For this reason, an
idea of a pneumatic booster valve with energy recovery, which recovers the energy by reusing the exhausted
compressed air, is proposed by a patent 30 years ago. Furthermore, a research about an analysis on this
new-type pneumatic booster valve is under examination by numerical simulation. Thus, in this study, we
analyze a booster valve with energy recovery by experiment and discuss an energy efficiency.

Key Words : Pneumatics, Booster valve, Energy recovery, Air power, Energy efficiency
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Table 1. Comparison between PBV and PBV-R

PBV PBV-R
Energy Efficiency[%] 32.89 42.42
Booster Ratio 1.72 1.90
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Real-Time Measurement System of Power of Fluid
Kazushi SANADA"

This study aims to develop a real-time measurement system of power of fluid flowing in a pipe. Power of fluid
is a product of pressure and flow rate. In this system, uncompressible fluid flow is targeted. Unsteady flow rate
is estimated by a Kalman filter which inputs pressure signals at three points along a pipe. No restrictor is used
in this method. From the estimated transient flow rate and pressure, power of fluid flow in a pipe can be obtained.
Computational efficiency and real-time calculation are technical issues of this system. An experimental circuit

is used to validate the real-time measurement system.

Key Words : Mechanical measurement, Real-time measurement, Power measurement, Kalman filter
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Hydraulics & Pneumatics & Electric Drives

— How Superiority or Inferiority of Transmission Power? —

Toshiharu KAZAMA”™

In order to discuss relative merits of power transmission systems, transmitting power of the transmission
elements in fluid power systems and electric drive systems is explored. A simple model of power transmission
circuits, which are available in the market, are considered, excluding primary equipment and auxiliary
components. The transmission power of hoses in hydraulic systems, the power of tubes in pneumatic systems,
and the power of cables in electric drive systems are compared. The outer and inner diameter, the mass per unit
length, the maximum working pressure, the mean flow velocity, the rated voltage, and the allowable current
are surveyed on the basis of product catalogs from the manufacturers, and then the transmittable maximum
power is estimated. The relationships of the power to the size and the mass of each element are shown when
and the resistance and loss are negligible, the fittings and terminals are ignored, and the return lines and ground
wires are not considered. The transmittable power of the elements can be approximated by the exponential
function of mass per length and the outer diameter. The power of the hydraulic hoses is highest; followed by
the electric cables, and the pneumatic tubes. In some cases the order of the hoses and the cables can be
changed.

Key Words : Hydraulics, Pneumatics, Electrics, Piping, Wiring
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Electro-pneumatic Hybrid System for Coping with Change of Load Mass

Yasuo SAKURAI*, Takeshi NAKADA**, Hiromichi KAJIKAWA*** Homma SHINICHI***

This paper deals with an electro-pneumatic hybrid system for coping with change of load mass. This system is
composed of a pneumatic driving system and a servomotor as an electric driving system. The pneumatic
driving system supplies pressure which is equivalent to the gravitational force acting on an inertial mass as a
load. Therefore, the servomotor with small capacity is able to move the inertial mass vertically through a ball
screw. Recently, parts with various mass convey in a product line. When this system is applied for such the
production line, the pressure acting on the parts has to be controlled with the change of its mass. In the present
study, an electro-pneumatic hybrid system is proposed, in which the pressure acting on a mass is controlled
automatically without the information of the mass. To realize this, the control of the servomotor torque
introduced. The electro-pneumatic hybrid system with the servomotor torque control is fabricated and its
dynamic characteristics are investigated experimentally. Furthermore, to make the design of such the system
easy, a simulation model for the system is proposed. Simulation is carried out by Amesim which is the
software to simulate the dynamic characteristic of a multi-domain controlled system. By comparing the
experimental results and simulated ones, the validity of the model is investigated. Consequently, it makes clear
that the control of the servomotor torque is effective for coping with the change of load mass and the proposed
simulation model is suitable to predict its dynamic characteristics.

Key Words : Pneumatics, Servomotor, Electro-pneumatic hybrid system, Torque control, Simulation
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Component to Reduce Pressure Pulsation
Yasuo SAKURAI*, Norikazu HYODO**, Kenichi AIBA**

This paper deals with a component to reduce pressure pulsation. In oil-hydraulic system, pressure pulsation is
generated due to the use of positive displacement pump and causes oscillation, noise and so on. In general, an
accumulator is interposed to suppress the pressure pulsation. However, since accumulators contain gas, regular
maintenance is necessary to prevent its performance deterioration due to gas leakage. Therefore, it seems to be
effective for improvement of an oil-hydraulic system to develop an oil-hydraulic component to prevent
pressure pulsation, which its structure is simple and regular maintenance to keep its performance is not
required. In this study, a component to reduce pressure pulsation in oil-hydraulic system is proposed. The
proposed component is mainly composed of a pipe-shaped metal body and a silicone rubber tube. The
component is fabricated and some experiments carry out to make clear its basic characteristics. In experiments,
the pressure at the pump discharge port set about 3.5MPa, which is often used in oil-hydraulic systems in
machine tools. Experimental results show that the variation width of the pressure pulsation is about £0.29MPa
when the component is not installed and the variation width of the pressure pulsation is about +0.028MPa
when it is employed. Consequently, it becomes clear that the proposed component works effectively to reduce
pressure pulsation. Next step is to investigate the relation between the design parameters of the proposed
component and its performance. Furthermore, it seems to be necessary to confirm the durability of the

component.

Key Words : Oil-hydraulic, Pressure pulsation, Prototype, Component, Silicon
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Development of ECF-pump with Different Diameter Tube
Yasuo SAKURALI", Takuya OKAMOTO™, Takeshi NAKADA™, Kazuya EDAMURA

*khkk

This paper describes a new pump for electro-conjugate fluid (ECF). An Electro-conjugate Fluid (ECF) is one
of functional fluids, which has the characteristic that a strong jet flow is generated between electrodes when a
high voltage is applied to ECF through electrodes. By utilizing this strong jet flow, an ECF-pump can be
developed without a motor and an impeller. Therefore, in such the pump, neither vibration nor noise is
generated. By using the ECF-pump, it seems to be possible to realize a new liquid cooling system for CPU of
personal computer by ECF to cope with an increase of its thermal design power. Some of authors had proposed
some ECF-pumps and fabricated new liquid cooling systems by ECF with the pumps. It had been shown that
the system had sufficient performance. However, to actualize a personal computer with a liquid cooling system
by ECF, it is necessary to develop a new ECF-pump which should be small and has simple structure. In this
study, a new ECF-pump is proposed to realize these requirements. The body of the ECF-pump is an acrylic
tube with different diameter and its electrodes are metallic meshes. The diameter of the pump body is 20mm
and its length is 10mm. The gap between two metric meshes as electrode is set at 0.1mm. The proposed pump
was fabricated and some experiments were carried out to investigate its basic characteristics. Based on the
experimental results, it becomes clear that the maximum pump discharge is about 1.5cm®s (90cc/min) when
input voltage to the pump is 0.9kV and then the pump pressure is about 0.23kPa.

Key Words : Functional fluid, ECF, Pump, Mesh electrode, Tube with different diameter
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Development of Immersion Cooling System for CPU by ECF
Yasuo SAKURAI", Masaki TAKAJIKKO™, Takeshi NAKADA™, Kazuya EDAMURA

*kkk

This paper deals with development of immersion cooling system for CPU by electro-conjugate fluid(ECF).
ECF is one of the functional fluids, which has a remarkable property that a strong jet flow is generated
between the electrodes when a high voltage is applied to ECF through a pair of electrodes. Utilizing this strong
jet flow, the authors had developed several kinds of ECF-pumps without noise and vibration. Furthermore, by
the use of the ECF-pump, a liquid cooling system by ECF had been fabricated and the basic characteristics of
the system had been made clear. The liquid cooling system is composed of an ECF-pump, a block to transfer
heat into ECF flowing in it, a reserve tank and a radiator with a fan. Therefore, the system is complicated and
the pump pressure has to be enough high, because the pressure had to be greater than the resistance of the
block and the radiator. On the other hand, ECF is insulating liquid. By focusing on this point, it seems to be
possible to develop an immersion cooling system which is used in supercomputers and a personal computer. In
this study, an immersion cooling system by both ECF and an ECF-pump is proposed. In this system, it is not
necessary that pump pressure is high. The system is produced experimentally and carried out some
experiments. In the basis of the experimental results, it makes clear that it is possible to realize such the
immersion cooling system by both ECF and an ECF-pump. In addition, it becomes clear that the ECF-pump
improves the performance of the system and ECF is effective to adopt as the liquid for such an immersion
cooling system.

Key Words : Immersion cooling system, Functional fluid, ECF, Personal computer, CPU
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Application Study of Hydraulically Parallel Kinematic Mechanism
Yutaka TANAKA *, Sho NIWA™, Toshiya SEKI ", 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, an active vibration compensation system on
traffic ships with Stewart platform type of hydraulically driven parallel kinematic mechanism is proposed and
developed to provide safe ship-based access to a floating structure such as offshore wind power systems. The
system consists of a motion stabilized platform with Stewart platform type of parallel kinematic mechanism
and a catwalk on the platform. The motion platform is supported on the main hull and kept in a horizontal
position by means of the six-degrees of freedom hydraulic parallel mechanism which control to absorb the
motion of the main hull in accordance with the control signal from an on-board computer and motion sensors.
In order to confirm the performance of the active vibration compensation by the parallel mechanism, a
prototype 3/10 scale model of the actual system used for the offshore experiments. The experimental results
show that the heave, roll and pitch motion of the top plate is greatly reduced with respect to the fluctuation of
the main hull. The performance of the hydraulically parallel mechanism absorber has been experimentally
confirmed. The dynamic behavior of the parallel kinematic mechanism has also been numerically confirmed
by the motion simulation using the simulation software, MATLAB+Simulink.

Key Words: Active vibration compensator, Marine construction, Parallel kinematic mechanism, Inverse kinematic
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Application Study of Functional Fluids

Jinghui PENG ", Takanori TOGAWA™", Eishun NAKAMURA",
Takuma TACHIBANA™", Yutaka TANAKA “, Songjing LI ™

As combination of both mechanical and electronic systems, micro mechatronics is attracting more and more
research interests with significant development of micromachining techniques. Micro mechatronics systems
are expected to be the most potential high-tech integrated product. In our project team, functional fluids such
as magnetic fluids (MF), electro-rheological fluids (ERF), and electro-conjugate fluids (ECF) with high
performance are applied to the micro mechatronics components and systems. The viscosity and yield stress of
the MF and ERF can be controlled widely and rapidly by changing external magnetic and electric fields,
respectively. The ECF generates a strong jet flow according to applied DC voltages. We have proposed and
developed three types of the micro-mechatronics component using the functional fluids, the MF, ERF and ECF.
Damping effects of the MF on vibration suppression of torque motor in hydraulic servo valves has been
quantitatively analyzed and experimentally verified. Development of a small-scale soft braking device using
the ERF and a soft actuator using the ECF has a great potential to perfectly solve the problems for
micro-mobile robots. A small scale disk type ER brake for the micro-mobile robot and a novel micro suction
pad actuator with a flexible rubber film and a sucker driven by the ECF jet flow has also been proposed and
developed. Prototype components have been designed and fabricated. The simulation and experimental results
are compared and analyzed thoroughly.

Key Words : Electro-conjugate fluid, Electro-rheological fluid, Magnetic fluid, Functional fluids,
Micro-mechatronics components
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The fluid power driven actuator using EHD pump
Yusuke TAKEI", Naoki SATO", Yosuke NAKAYAMA”, Kazuyuki MITSUI"

Recently, studies and developments about actuator which used a fluid power as a drive source are
conducted. Especially, the fluid power actuator is paid attention as a power source of a medical robot or
a rescue robot. However, this type of actuator has many problems such as occurrence of the vibration
and noise. Therefore, we decided to develop the new type of fluid power actuator which used the
electro-hydro-dynamics phenomenon which generates the flow in the insulating fluid by applying a

high voltage electric field.

Key Words: EHD, robot hand, artificial muscle, articulated robot
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Development of the medical device and the welfare device which used the EHD
pump or the functional material

Kazuyuki MITSUI", Yusuke TAKEI", Akemi NAGATSUMA” ,Ryuichi CHUJO *

Recently, many types of functional fluid and functional material are applied to a medical and welfare
field. Especially, importance of functional fluid and functional material is increasing in the device which
needed the corresponding to a user's condition. In such a situation, we developed the EHD pump which
applied the EHD phenomenon as application of functional fluid, and developed the Electro Attractive
Material (EAM) as application of functional material. Then we are applying those developed devices to a

medical and welfare device.

Key Words : EHD pump, Medical and welfare device, Actuator, Brake device
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A Microactuator System Using Electro-Rheological Fluid
Kazuhiro YOSHIDA", Sang In EOM", Joon-wan KIM"

This paper presents microactuator systems using electro-rheological fluid (ERF). The ERF is a kind of
functional fluids and changes its apparent viscosity when subjected to an electric field. An ER valve that
controls an ERF flow by applying electric field through a pair of fixed electrodes is simple and miniaturizable.
In this paper, two our researches are introduced. First, a soft ER microactuator system is described. For soft
actuators, 3 mm long divided electrode type flexible ER microvalve (DE-FERV) is proposed and fabricated by
MEMS process including electroforming. Second, for advanced microrobots, a multiple ER microactuator
system using an alternating pressure source is described. To reduce the piping space, an ER microfinger system
using an alternating pressure source is proposed and developed. An MEMS process for microfinger parts made
of PDMS is developed. A 1.6 mm long microfinger is successfully fabricated and its motion is demonstrated.

Key Words : ERF (electro-rheological fluid), Functional fluids, Actuator, Microrobotics, Alternating pressure
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Micro Hydraulic Pressure Source by Electro-conjugate Fluid and Its Application

Joon-wan KIM®, Kazuhiro YOSHIDA"

This paper proposes an electro-conjugate fluid (ECF) micropump whose pumping sources are mounted on the
inside of fluidic channels. 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. To
combine easy fabrication and high performance, we propose a novel ECF micropump that consists of
triangular prism electrode and a slit electrode (TPSE). MEMS-based TPSE is successfully fabricated. The
result shows that the ECF micropump can be a good candidate as a driving source for soft microactuators. The
paper also proposes a novel fluid-powered finger to integrate ECF micropumps as a micro hydraulic pressure
source with the hybrid 3D printing as the fabrication method to form the unibody-like finger. Two integrated
ECF micropumps control two bellows-like joints respectively through fluidic channels built in the finger to
realize the compliant motion with 2 DOFs (degree-of-freedom). Instead of the traditional CNC machining,
molding and multiple manual assemblies, the 3D printing technology of hybrid-material (hard and soft
material) is utilized to fabricate our hybrid finger. The hybrid finger with ECF micropumps was successfully
realized and the driving experiments validated the feasibility of our concept.

Key Words : ERF (electro-rheological fluid), Functional fluids, Actuator, Microrobotics, Alternating pressure
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Development of a Rotary-type Servo Valve for Water Hydraulics
Kenji SUZUKI"

This paper introduces a rotary type servo valve newly designed for water hydraulics. The prototype of the
servo valve is a kind of four-way valve, and the port arrangement is according to the 1SO 4401-02-01-0-05 and
JIS B8355 (D-02-01-94). The servo valve was designed to control flow rate of 20 L/min under the rated
pressure of 3.5 MPa. The disk type valve plate and the valve body has each the control conduit, and they
compose a metering edge. The rotary valve plate which has the conduit hole to switch the ports is driven by
small servo motor. The valve shaft and servo motor are connected by a disk-type joint. The control pressure is
calculated by solving the simultaneous equation of the flow rate through the metering edge and the internal
leakage through the narrow clearance between the valve plate and the valve body. Simulation and experimental
results are compared for the static characteristics of the valve: (1) the control flow rate with no load, (2) the
control flow rate with load, and (3) the internal leakage. Simulation and experimental results agreed well
except for influence of the hysteresis that is not being considered in the mathematical model.

Key Words : Water hydraulics, Servo valve, Rotary valve, Static characteristics
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Energy Efficiency Improvement of Water Hydraulic Motor System
with Reducing Pump Supply Pressure

Ryo YAGISAWA", Kazuhisa ITO™, Pham Ngoc Pha™~

Water hydraulic systems are an outstanding driving source because they have no risk of environmental
pollution and fire hazard. However, conventional water hydraulic systems, as well as oil hydraulic systems,
have larger energy loss for pressure loss through mainly control valves. In oil hydraulic systems, load sensing
systems have been widely applied with a variable displacement pump for reducing pump supply energy. In
contrast, water variable displacement pumps have not yet responded to a wide range of fields because they
have only a few lineups on the market. In this study, the energy-saving is achieved by developing a novel water
hydraulic circuit. This paper focuses on a water hydraulic motor system and aims for reducing pump supply
energy with a fixed displacement pump. The pump of the proposed system supplies the required minimum
energy for driving the water hydraulic motor. The experimental results showed that the proposed system could
be operated in approximately 60[%] of required energy of the conventional system.

Key Words : Water hydraulic system, Motor velocity control, Energy-saving, Fixed displacement pump, Experiment
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Model Predictive Rotational Velocity Control for Water Hydraulic Motor
with Operational Constraints

Ryo INADA®, Kazuhisa ITO"

This research describes rotational velocity control of water hydraulic motor used for elevator system in power
plant with model predictive control (MPC). For actual applications of water hydraulic motor, practical
operational constraints should be considered as well as control specifications. However, conventional control
system is difficult to deal with these constraints in design steps. This research applies MPC to water hydraulic
motor system to solve these problem. In this paper, we assume that water hydraulic motor uses passenger
elevator and we evaluate control performance of both MPC and PI control. Experimental results show that
MPC can improve its percent undershoot about 86.5 % compared with PI control.

Key Words : Water hydraulic system, Motor control, Model predictive control, Operational constraints
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Table 2 Comparison analysis of experimental results
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RMS (0 to 90 [step]) [rpm] 2.25 1.20
Maximum P.O. 0 0
Maximum P.U. 0.47 3.48

Table 2 £V, PI #lf#l & tb_XTMPC (T3 TE
PEMEDNEAL LTV D5, 86.5[%] A KP.U. 23k
ENTWDLZENGND., ZoZ &LV, PHHEE
A4 OHIEMERE 245 S N7z Big, P.OKLOP.U. M
ZHNTWD Z ENSD. £, Pl HIENE B AR
DEBEEIZ/ T CFa—= T L TNAED, F
—= U T RT A=A R, WU A v RERE
T LD R TE N DD, E->T, MPC X
Pl M & bR TF 2 —= v IR KIBICEZL SN 5.
4. #¥E
AR TIE, TU_XR—FFOKEE—HF AT A
DO ZZE L7-MPC %8%5F L, KHEE—HH{K
DFEBRIZBWTCPHE & OVERERME 21T~ 72. D
FESE, MPC ZPI HilfH & [F% O Hl A RE & R 4E T~ 5
ZEMHR, RRPUARUGET A ENTE
SE3HR

1) AR - MEREEINCISHE S 2 HEsEER (7
PRI, 2 —Rgk, 43-5, 15/21 (2015)
2) MR . =L _X—F ORREEAN, IATSS Review,
27-2, 35/36 (2002)



JKEKEAN
7 FH A

—RXEIEE RO & KB KEEE T LA TH D L6 F
(FFREFNFF**, /PR E ***

Development of Pressure Intensifier for Tap-Water Driven System with Bellows
and Displacement Control of Tap-Water Driven McKibben Muscles

Yugo FURUTA*, Kazuhisa ITO**, Wataru KOBAY ASHI***

This research discusses pressure intensifier with bellows for McKibben muscles driven by tap-water. In our
previous study, the conventional pressure intensifier had larger friction force between piston and case for
coiled up of bellows, hence, this led lower response of pressure rise and lager pressure loss. For this problem,
even if a thickness of bellows is increased so as to avoid coiled up, restoring force of bellows becomes larger
at the same time and this also leads to pressure loss. In this report, an improved pressure intensifier was
proposed to reduce not only lager friction force but also larger restoring force of bellows. In addition, the static
and dynamic characteristics of the improved pressure intensifier were evaluated for displacement control of
McKibben muscle. As a result, experimental results showed that the proposed pressure intensifier was

applicable in frequency band of no more than 0.24 Hz.

Key Words : Water hydraulics, Bellows, Pressure intensifier, McKibben muscle, Displacement control
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Characteristic comparison of Fluid Power Actuators
Sayako SAKAMA™

Recently, to reduce environmental load and enhance the efficiency of machinery, hydraulic and pneumatic
actuators have been replaced by electric actuators in many industrial fields. However, the characteristics of
each actuators are different, and it is not necessarily appropriate to replace every hydraulic or pneumatic
actuators by the electric actuators. We should select the appropriate actuator considering the actuator size,
output power, speed, responsiveness, and so on. In this paper, the characteristics of various type of motors
were compared and evaluated using some indexes. As the subject of this investigation, commercially available
AC motors, brushed and brushless DC motors, hydraulic motors, pneumatic motors and water hydraulic
motors were selected, and the data on their specification was collected from their catalogs. To compare and
evaluate the characteristics of these motors, torque, power density, and power rate were selected as the
performance indexes. The hydraulic motors, especially axial piston type motors, were found to have high
power density, torque, and power rate. It was also confirmed that water hydraulic motors have higher power
density than the electric motors and pneumatic motors. Moreover, it was confirmed that there were no
small-size fluid motors in this investigation, and small brushless DC motors have high power density. The
present results suggest that we need to consider the characteristics of each actuator and appropriately select
motors depending on the situation.

Key Words : Actuator, Comparison Survey, Electric Motor, Fluid Power
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Fig. 1 Comparison of actuator characteristics
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