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1. EBEIVEEHEK

Ty g ARk SHETFYAX L, G
W77 T AMERE ERTEHEE LTS, Mg v
N—IE, BHHCEM RS PR, ZHREL
THRILKRY:  Eaded, MILERIRSE  RAREEIR
B i v % L, Preliminary Announcement, First
Announcement, Second Announcement, Third
Announcement, Final Program®B & O#fll 70 7 5
MMEZA T, F72, 7RSS AME, Mo
77 L HP TR L7,

2. TFHI 2 AX 2 MDOIERR

2.1 Preliminary Announcement

EE M ICE T2 RMOTF Y v AL LT,
Preliminary Announcement# R L, 20094121
WCARFPRRH, BEOEEY VRI T ABNEEE
W2 X = VEME L 72
HEOMZELEFRIE R %72, 22T, A=
BEICE LTI, 7u 77 anfltagiiofgist

BLOHEESFEEREOHPESHYE L T o 72,

& 512, Preliminary AnnouncementZxHPIZ7 v 7
o—RFL7.

F 72, 20004E K FRE X I B WT, BImE I
Preliminary Announcement# fAi L, ¥ ¥ RI
LU BT O 5 24T - 7.

2.2 First Announcement

T 7T AGFFEAMER L, 20104F 3 IR 4
BEFEHEom P A X ) EE X 7 First
AnnouncementTlZ, Best Student Paper!Z*f§ 5%
KEoEMe iz, 72, UFOF =7+ A4 XF
tyvarHERLBRLEREDOT ST Y A2 o7,
1. Functional Fluids
2. Medical and Welfare Equipments
3. Robotics and Mechatronics
4. Water Hydraulics

PE234E11H15H  E AR AT
AR TR A
(A T639-1080 KA LT 4 HINT22)

HAE B2

¥ 72, FPNetllV) ¥ 7 KM L,

;:% g**

B, WHHEHMXT TANT 7 b, BRICHET S
WIR 2 57 72,
Key Dates :
Deadline of abstract submission : January 15, 2011
Notification of abstract acceptance : March 15, 2011
Deadline of paper submission : June 1, 2011
Early registration on or before : August 31, 2011
Notification of final paper acceptance : September
30, 2011

72720, 7T7ANT7 7 OB HIX, HAKR
W5 HED29H F TRE S,
2.3 Second Announcement

Second Announcementl, BE% 717 J L5
BFEER L, #idk, LA 77 bBLXOEHEDOFH
Kx &0, BERBIAERE B0 LIERE 1T 7.
AifEix, BREFHA L D 20104E10H A Tb 7z, 7
72L, Second Announcement PDFhR% A — ViifF
TIT) EANA R =NV ELTHEREINL I DLW
TS, TFAMERTHED, F—2R—-ITH
MEER W72 2 Eic L.

Z Z°C, Second AnnouncementTIlX, ¥ YKV
7 AEHHPB X A=V T FL X, Bk 2 b,
WHET -~ NE vy 7 R, BIREN, ETRHOMT,
MHEAND T 7 L A HEOMNZ4T-> T b, LDITIC
WHT—<D My 7 AFRT.
. Functional Fluids (OS)
. Medical and Welfare Equipments (OS)
. Robotics and Mechatronics (OS)
. Water Hydraulics (OS)
. Applications of control theory
. Basic theory and technologies
. Energy saving and environment
. Fluid components and systems

O© 00 N S Q1 = W N+~

. Hydraulic units and air compressors

,_
e

Information technology and fluid power
systems

11. International exchange and education

12. Micro/nano machines

13. New industrial applications of fluid power
systems
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14. Others

% 72, Second AnnouncementfEhE & [FIBFIC, %
F—HFA ARy arotr—HrAF—%ikE
Kz 1T 572,

. Functional Fluids (5eHistA: (R KF))
. Medical and Welfare Equipments
(FwENJeA R TERT))
3. Robotics and Mechatronics
(AP SeHE (RILKA:))
4. Water Hydraulics (AbJI1964 (R ITEKF))

B 50, —feEm AN, Wiemm e 21 &
F—HFA XNty ¥a VICHT5IEH#ERE 4
F, EiiT 5 2 EPE ST,

2.4 Third Announcement
Third AnnouncementTiZ, 71027 5 AMEDLR
HE17) 2 &nb, 20114E5 H Ehs7a s g A
VM 2 MG L7, 22T, 77A 527 hof
WD Hix 1 HRTH 7225 3 HISSELE
KOWEIZXY, WNAD» S OFEHPIAART Y VL
WERIEE L. £2C, iR D56 H 1
HThaIehb, 7ul 7 MEEIIBVWTE, 7
075 AMEERETEF vy VBV ENTOV R WVEESY
LFEEL (TTAMNT 7 MRICEFKEINIT—%)
MR L7, 72720, 6 H 1 HommUR v %
WCBWCGHREA L BB LR LR, 77 A
77 MEMROMEE YA, FHEG LRI O NE
DR o TS X d s Z L, BIE
iTole. Kills, HFHEHOMRICEHLTIL, &
HERR I F TEEDR 2 &2 n, EHED—HEL
THERT 2R ERN 2R T2 LE0DH
5.
A L OB R 2, MR RIS
07 AEEER L. Tur g MERICHIz-
T, RS D I 5 OfEF v L
Mozl lhsb, ZHETTRTo#MHE (FFHE
e, IEEB L O—MGEE) Ny MaS
BTTHEDICHREL. /2 BR7—ADRE
e 2 MR 3 2 720, AR R IR /R FLAR IR ) % 4
AIAI, wIKT05HE Lz, £/, a—e—71L A
7 &%05MEL, TEDREFEZLOBMEHER
T—A% AP TEL IR L 7.
Tur g MERICE LTI, WTomEEELT
117z,
1) HEOEMINIGmLEmN» S 0mLE T
E LMY BHEIHTS.

2) TSR OMHOBE I LT, Fv v
LVOWELEE 2, BELY T KT 5.

3) HERNZTE B HEITHTS.

C——

HAE B2

4) £5Ho by 7 ZICE LT, B&E, T,
IKIE, FBERETEVRAR, €M EIT01T 5.
5) MUFBROGmLE TE AR BHEITHT 5.

ULFoHEHZE T 2, MEEREKICHEN 075
AAfER L7, MEE T a7 J 410, 20114E 7 H i
HPIZT7 v L7275, ¥ ¥RV ABMBER T,
Fy VR NVOHEMEBASTZ END, FOEBIE
BT o7z,

T, Wi AL TE, Tursga
SR RBFHROPELLE, ZRHORGEAE, RAREE
BHLE > TER L. 72720, 7a27 9 25K
WCELT, 74 ¥ MIXBXFALTVEFER S
N7z, AL ORFEICE LT, 2R Tl
BT E RV, HERIBIEREE % BRI F B 21T -
7z.

T/, Ky va ok, BIERFEMEICHL
T, 7H»5 8 H Each i Coftawgd, A
DEETI N OENHEZI > TW22 %, 8 Hhgicix
FEMl T 7T A% (BE, BERAGA) A35E L
7z, FWEIZ, 8 AW F CITEE, RIERIIHT S
IEAKGEE B L OEEFEHT 7 v AER, S
KT BT 5 v AERRER L7

LA L, Purduek“% IVANTYSYNOVA#HIZAH
YRV LAIBIMEND L OEHRA8 H TS
Ao7zZenb, BBEEDOANEZEEZITV,
SHERFCIHH 7T VI AR EEK S, L
L, 10HI2% > TH —MHFROMEKNAD, £
DHREE, 707 T AMEIERITo 7.

T 72, LUT O RIRFRRREE I X OV a4 12
xFL, R AR O 2 8 H R D CliE R
Fr& 0ito72.

8 1 H H¥fF#EE © KE Prof. Stelson
85 2 H HHfea#E s - hiE Prof. Fu
OS H st &
Medical and Welfare Equipments :
NgSEE (RTR)

Robotics and Mechatronics :

— WIS (BB ERT)
Functional Fluids : #5640 (BALK)
Water Hydraulics : ®JIIK (KYB)

R, MR, R, @SN 21058
ORGhE, ERFHZY) ZHREICRET 2 X9

BRER B MR Z T 72, GEEA~NOIFESIE
7 AEFREME - 8 HI3H, ME - BIEE
HRHERAGIKME - 8 H23H, MEE - BEE~NOEE
HET Ty AEE Yy v a vomLsyy v
O— N7 FLAGHEK) BEMEE: 9 H11H)
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2.5 Final Program

ST YRITATE, HHTT T T L, XY
LATo N, BEHTTANTZ ORI NET
TANT 7 MEUSNZ, KA X2 b ORI R FER
TG, KWL A T MrEPREIN/MAHMmE L
Final Program (% HEAG 3 % A35RB & O 5 ki)
ER L7z, TRlOWELLREINTEY, &
FIHFFCTH o 7.

1) Schedule at a Glance
2 ) Floor Map & Laguna Hotel Map
3) Exhibition
4) Event

Final Programi¥, AR LEDOT— 7 %4
FL, THEA Y BLOHRZ o7z £72, 77 A
77 MRICBL T, BREFEHTT— 5 & 44
LERI 247 - 72.
FIURI AT Y] O RS £ TRl F v ~ 2V OHREAA
LHRERMBIEDNIZENS, EENTXTO

T =8 R LNERZ D DMK TH - 7.

3. ZHNEE

FHEN2ABE SN, YT
TR, HRBH, HBoSRo~< A

KA AY T,
7y —iRiE L,

A B ED

R o2 ECRDO—2I2 [HRED ] 2Hh
b, B L7242 IR ISk, B3 FEF
GIRIZLTWL., OEPLR—AETTHLI LD,
ABHA BT 2%, b9 — AR THEO RSB
D LA CTHLI L H D, Y FIFd8IC
ML lZ T oMY, W TEIHNZZSATTH .

FH, RIBEICA—S—TOEWYZIETIN, W
WIRIIO L V%2 501301k o 72, BEWRO T

HAE B2

VYRT T ABMENORAGWI,

JER, &tviarsurgaon H#EaY
BE R EOERITo 72, UHIE, EEOREA
ZTH, 7077 A5FARTEDPO L %o THHH
KM L, FEREICHIS L.

TR Y Y ARBEIIRE T, BIEGKL TV A ASK
HENWeho N smE s onl. 7,
KAXNTVLOIZEY TlEEOH LINZ1T-
7N SME D BY, R, EEHEDKIEICA
Gl oty va vy TLE ST

RIBIZ, 7L AGREOEEICELE LT,
T2 2 1200 SR L B E 5.

0000000 AR
[ % M Jr]

A )

n # =8 &
20064F- 7% FL T3 1o 55 1 M 22 B - 1) 480 L
PRI, BUEICE S, BRIEETHWH
ARG RIS ORI ZEICHEE. AR TV —
FST =2 27 nips, HABMY: &,
I[EEEZ EDaH. ot (L5).

‘ h E-mail : hayakawa@ctrl.nara-k.ac.jp

A A AT AR AAA A A

3%

V£ € A D ?

FIEZZATZAMA D FRICEVIAL. KTV >
W EEREITRIEEEZ TS ) B SIS
2o %sh KNOTTHRHE) L, BERY
TUF7-F TRz LB LEL 2&m, Bo—Do)8
LR LLET. B, Zubolo, HoTokb
HolmEDPM I R L ) RS L.

XA, CAGRIEDDFEAD?
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L Lahs, JV—<ravr UREoRERn
F4E 3 HORAARRELDOEED/2DH, HLAA
BEROMRITMED N D DTIE o7z, L
LAaHMS, RPEZPHEZ I COBBRENO %
T, ®EMICIE, L TwizZ2w=a2ERIE15
 GtEEREAEE 14EE AT U N) 1T E 225
7=,

KT VRI Y LDREIRE,
L7, Zo7a T #EEHRECE X UD,
D2REICITHEHEEBPREINTBY, Y rRYY
LABMBEDOHNBRCGFTCTH o7z, T2, O
IS S O AR S HEPR LR W I IS E L
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K

(Water-hydraulics)
KYB .~ JTEKT
(Oil-hydraulics) MAX

Pneumatic

Servo
Controls

Takako
Bosch Industries 7. .
Rexroth Hitachi
Construction /.
Machinery
SYSTEM i / S «
Lntrance I Sumitomo KyungWon
—- Qi“ dustries, Ferrite Ind. /.
%NTEST ;

Registration

desk
for Exhibitors

Entrance

R2 BEREGLATY MK
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x£1 HEMSE 57—~ F—U—F QhE KFE)

1 : Company name
2 : Theme of exhibition
3 : Key words

*x2 WEM®¥E 57—~ F—9U-—F
22T, T Oh)

(Oil-hydraulics)

1 : Bosch Rexroth Corporation
: Low speed, High torque Motor from Bosch Rexroth
* Motor, Pump, Optimization, Reliability

1 : Company name
2 : Theme of exhibition
3 : Key words

(Pneumatics)

: Hitachi Construction Machinery
* Double-Front Working Machine
* Robot, Mechatronics, Construction, Machinery

: JTEKT Corporation

. Steering systems

: Automobile Equipment, Energy Saving, Pump
Control, Tribology, Bearing

WM Wb =W

1 : Konan Electric Co., Ltd.

2 @ Company Guide

3 : Solenoid Valve for Heavy-Duty, Actuator for
Power Generating Plant, Wrapping machines,
Control Panels, Solenoid Valve for Various Fluid

: KyungWon Ferrite Ind. Co., Ltd.
: Piezoelectric Valve for Pneumatics
: Valve, New Material, Agricultural Machinery

—_

: KYB Corporation

2 Electro-Hydraulic Energy Saving System for Hybrid
Construction Machinery

3 ! Hybrid System, Hydraulic Assist Pump, Energy

Saving, Regeneration Motor

: MAX CO., Ltd.
: Pneumatics Tools and Air Compressor

: Equipment, Construction Machinery, Pneumatic
Power Source

W N WD —

1 : Takako Industries, Inc.

—_

: Pneumatic Servo Controls Ltd.
2 : Pneumatic Servo Valve & Servo Actuator

3 : Pneumatic Servo, Servo Valve, Servo Actuator,
Motion Control, Precision

1 : SMC Corporation
2 : New Products

3 : Energy Saving, Actuator, Motor, Temperature
Control, Static Electricity Elimination
Equipment, Vacuum Equipment

2 Micro Piston Pump

3  Energy Saving, Pump, Motor, Actuator, Robot,
Contamination

1 : TNK CORPORATIONLTD, OPUS SYSTEM Inc.

2 : Bubble Elimination Technology

3 ! Bubble, Flow Visualization, CFD, Hydraulic Systems

1 : TOKYO KEIKI INC

2 ! Energy Saving System

3 ! Energy Saving, Hydraulic Power Source, Hydraulic
Power Unit

(Water-hydraulics)

1 : KYB Corporation

2 1 Aqua Drive System

3 : Servo Valve, Proportional Control Valve, Pump,
Motor, Industrial Machine

1 :Sumitomo Heavy industries, Ltd.,
ADVANTEST CORPORATION

2 : Ultra Precision Pneumatic Servo Stage

DT TNV —2RFE L, WE, KE, EBRE £
DABTHER % 531 7.

H2IC8HOLA 7Y FERT. KRRty 3
YT, WE - KEEZERE - Tor ENENRLE
EOLIHIBRVAT Y N L F7, 8fEERE
THT—RIE, FTEVAML—YarvzER¥T55
OB Z MRS 5720, TXHRYEET LI
L7z, EBROMEMZ YUYRIYTLEHDI4 30
~18:00, MHM8 :30~9 : 30%FH LTI\,
FAE, BHEBIOT VAL FOES 4 TRROE
DTN EET - 7.

K LIWEB L OKEMEO 7 —<THELTW
R wif¥o—E F—<BIUOF—7—F&R
T OMEB X OKERE T 7 4 8 Xl o H R A
Holz. KA —LEERERH 34, KA —Lif
BB ER DS 24L, KAy =L Ay arERds 24
THho7e.

K2 WEFEB LV ZOMO T —<THIEL TIH
WhRhED—E F-~<BIUOF—T—FERT.

HAE B2

3 : Actuator, Position Control, Servo Valve, Control
Method

1 : Tokyo Meter Co., Ltd.

2 1 Air Power Meter, Quick Flow Sensor

3 ! Measurement, Sensor, Unsteady Flow

(Others)

1 : NewtonWorks Corporation
2 : Simulation Software
3 : ADINA, SimulationX

BRIEB L OZFOMD 7 —~< T 84 9 Xl HiE S
Hotz. KAV — LEIERERA3F, RA¥ -7
Y BIRB LA TH 7. FOoMIETy I 2L —
arvV 7 MNAEORENSCDERTHA. T2,
WEORE PoOMELH Y, —HEHE) v
THENEDERTH - 7.

B OERY Y RY Y AL F1BLUFE?2
VR LN, TOREOHPT FLA%BIL,
OHTHICARY Y RY Y LAOHPIZEW L7, F 72,
I & U % ProceedingsiZ bR L 7. &b,
A AR, ©EOHPT FL A2 v 7 &2ikD,
BRI TW W0 BEEE2 P LT
bEDL XA L7

Ky VRV ATIE, BROKRE RLFT BN
(BRa7 54 L5) TS, 9078428
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FHE4 RERHAFOMKT -4

JFOa—be =7V A7 P TRROaAT AL L L
L7z, #0728, a—b—L E0RAYMEI—7F

Ba—F—%R2RT L), BREOSMIFET,

REZOTRNEZES L O BE L7
MHOI—C =TV A4 7O IES
THhotz. LLLERS, TUF54 50 5I3ER
LSRN N 4 2B L, BRI R % i
B L7207 — A TIEBG 2RI &35 2 B BRIRE AT
biufH7z, BHEH1~6I1CZ0T%2/RT.

3. b ¥ I

A TIZEE S BIERS Y VA RI ™ AWHE2011 0 #R
Yty g VOMELZ R, BFIRSAENTHR
HAKREROBETREHLLBILLVWEHESH

AT, Rty va VIZHELTWZW-e3ER,

BIEFEDTERIIKRE LB 2o Tz iinia R
FRMREXA, BERSPSBEOBRHFEERELE, K
VURYY LAEFRBENB L OHEFEERIC, JE
CHFLF L RIF 5.

WEIDERS Y ¥R Y7 JZ20144E 128/ R HSE 2R
(R T¥EKRY) 2FETRERE LT, BHREMRIL
HCTEMTLTFELE > TS, TOWHIZIE, HR

H43% W20

BFES5 RRAZOKT -5

BFRE6 BRI FEORKT -6

DOREFHEHDELEE, HHAKER THe 288
Whbh Mo ERL, KV RIT7L0
Bty va v IlEL ORENISINTE BEBRED
BoTnbI w2 MELW.

Z £ X #

1) Kyung Won Ferrite Ind. Co., Ltd.

0000
[F & # )

s v RF B
¥ H E fE
19864 185 e R I L R AR T
B TR, RSB T & T 2000
= SRR TS K2R, 200142 1 A2 B 2 d
20074F [l K HEREE, 20094E R K2, BIAE
‘ . E 5. WZEE Y AT A O BRI,
a ECF% R L 723 2 7 & 0[5\ fE 5.
HARZ )V — F8T — ¥ A5 L% - HAK
WEaOAH. M1 (T%).

E-mail : ysakurai@ashitech.ac.jp
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JFPS Best Student Paper Award™

e Wk

1. U &I

FEQM 7 IV — PR —EEY Y RYT AT, 7
W= KT — 3 2T LA OFBIZHG T 5 RN 2 6
NEPEL, o, YUy RIY YLD TEN#HEH
A SNIZFESME L, BIERELXO L
[JEPS Best Student Paper Award] %= ¥#5 L 7-.
Llnl, ERIIY VRI Y LAENGBREASRERZHEZD
—HE L CZoH#EREICEbS 20T, UT, %
DEEBREHRETLHE LI,

2. BE AT

WY YRT Y LATHRAEREZRT S LIE, Call
for Papers® 4 ¥ v RV 7 LA OWEBH 4 b T4
LTBY, T7ANI 7 rofhb KR, A%
WA T T2, BT U RY T AT, —
i, FHEEDLETHUHOT 7TANT 7 MR
HY, TOHROTTANT 7 MEHICEAAZ Y —
VoV TREEMNS DT N R—5— (FEX) 3
O T2 X 2 HE A FET, w1200
DT NR=N=PBENT2. D) BES0FA3F
EREANDISGEEE )L TH - 7.

9, FAREOE-REFEAL LT, —# 4
DERDHENKY Y RY Y LADOFEHFTALATT IV
NR=N—OFHliAf bz, BARRIZIX, #EEoL
7= X B KA B L OREHEDORA ~
METH D, ZOXRA VP2 XOE % BRI
fiL7zbD& L, FAREILHEZEDOKRA, ¥ MEO I
f20% % B — RS AT M H & L7z,

B—RERIC L D E O IIFHE S 228, Rk
DX DY, TREHBRWES NV —T L 0kET
HHIENVIEALTH LD, FEORLNDEF
G % BRI 5 2 23 L v, AR
HEMANCEZONLETHAZ LMD, HIRER
TlE, YUVRIVILEY Tl EHHONET —~
ELTHMEICERERTE TV DINE ) D RAEL

SPK234E12H 6 H AR AT
R [ VR SR A B T e e
(Fifedh  T240-8501 HEIETH PR T+ BHRXHHEATI—5)

HAE B2

ZHHEZNINT 5.

% %
%‘%_A

7o, BETRIE, oL LOY Y RIYTLAETRA
SINLI/HEINTHEH T, B THERENSOFA
DR WL T, MEBEROMME, 274
Robr2) 3, BRI, FRES, 5
IS OIS 70 OB TR 2 4T - 72
RN E S E OB IREESKT 1%, R
WERHREZRMBL, £—EE, £ REAO
R A B E 2 T L, [JFPS Best Student Paper
Award] ZEH 6 Hx e L7z,

3. JFPS Best Student Paper Award= &%

ZHEHZ, UTO6#THA.
K& (i), “wsCGEH" OF

- Jinshi LU (Tokyo Institute of Technology),
“Study on N-level Pressure Hybrid Power
Supply Hydraulic Servo System with High
Efficiency and High Response” b

- Akira OZAWA (Yokohama National University),
“An Indirect Measurement Method of Transient
Pressure and Flow rate in a Pipe Using Steady
State Kalman Filter”?

- Akihiro YAMAGUCHI (Keio University), “An
In-Pipe Mobile Robot Using Electro-Conjugate
Fluid” ¥

- Andrew SCHENK (Purdue University), “An
Investigation of the Impact of Elastohydrodynamic
Deformation on Power Loss in the Slipper
Swashplate Interface” g

- Kento MORI (Keio University), “The Control of
a Bellows Actuator Using Electro-conjugate
Fluid” ¥

- Tatsuyuki IWAWAKI (Okayama University),
“Development of Portable Energy-saving Type
Air Supply System Using Variable Volume
Tank” ¥

4. 2 H R

BERE, YRV A=ZHHE (10H27H) o
YAy ML, Ny A Y FABETH D IThR.
BREAFEOBRN—EMHEE N R¥EEZ LY, &
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BFE1{ BHETRERLVRERZERGEINZ
B (Schnenkf%)

FRE OREETHICOD W CTZEZE D45 #
SNz, B TENY Ty FBIMBEEERER LT
WahH, ZEZEIAGPZE LI L2 WO TS
EVINTIAANDY), THELOREIIGDE
T—ATORT—=JIZHEH L7z pl&kiiE, HHE
— W TP - VRV LAETRHELY
SHEB KRG SN (BHE, 2).

5. b W IC

MY URY T AOFERKG L1200, K501 1%
FHERBIINEIN WL TH Y, FEOEHL Y
YRITANOBMEANH S LD TES, VT
NOBLIYY VR LAOEH IO A%l L
RIREN M D 5 VITEHWEBEOEWL O
THY, BEBRICOHYOEMEZ LTHEIN0
TH»9H. BHEWITIE 6 ADOZTHEITKS N2,
ZHEIRNZZH & T EEOFMdfHEAETH -
72, SHBOEEFRO SO 3 AR EMEEL v

Z £ X #®

1) Jinshi LU, et al. : Study on N-level Pressure Hybrid
Power Supply Hydraulic Servo System with High
Efficiency and High Response, Proceedings of the
8™ JFPS International Symposium on Fluid Power
Okinawa 2011, 1A3-1, p. 79-84 (2011)

2) Akira OZAWA, Kazushi SANADA : An Indirect
Measurement Method of Transient Pressure and
Flow rate in a Pipe Using Steady State Kalman
Filter, Proceedings of the 8 JFPS International
Symposium on Fluid Power Okinawa 2011, 1B1-1,
p. 104-109 (2011)

3) Andrew SCHENK, Monika IVANTYSYSNOVA :

HAE B2

FEH?2 HMHETREREZEESK (Yamaguchi
K, Ozawalk, Morilk, Lulk, IwawakilX,
SchnenkX), FEKZLG %= F bz
P SUIFYE

An Investigation of the Impact of
Elastohydrodynamic Deformation on Power Loss
in the Slipper Swashplate Interface, Proceedings of
the 8" JFPS International Symposium on Fluid
Power Okinawa 2011, 1C2-5, p. 228-234 (2011)

4) Akihiro YAMAGUCH], et al. : An In-Pipe Mobile
Robot Using Electro-Conjugate Fluid, Proceedings
of the 8™ JFPS International Symposium on Fluid
Power Okinawa 2011, 2B1-2, p. 456-463 (2011)

5) Kento MORI et al : The Control of a Bellows
Actuator Using Electro-conjugate Fluid, Proceedings
of the 8" JEFPS International Symposium on Fluid
Power Okinawa 2011, 2B3-1, p. 488-494 (2011)

6) Tatsuyuki IWAWAKI, et al : Development of
Portable Energy-saving Type Air Supply System
Using Variable Volume Tank, Proceedings of the
8™ JEPS International Symposium on Fluid Power
Okinawa 2011, 2D3-1, p. 665-670 (2011)

OO0 A
% # & 4]

T99AAFAK 1 ] 37 R 2P R A e AR T
AR [R) R A= Al B, 19984F M Bh#d%. HITE,
FRZE T sehedesdz. Ah tu=2
A, WA VAR - BEWCR OB I RE & i E
OfFEIHEHE. HRIZ V= F NI =V 25
LEgy, HARMMW S, BB MR L
D&H. L (T97)

E-malil : yasukazu@ynu.ac.jp
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E
2% 5 B % # &#2 o # =E
HOM f BL*H
1. 2L &I TN—FRT =Y 27 iE, KEICBIT ST R

The 8th JFPS International Symposium on
Fluid Power, Okinawa 2011 T, &ZMMEFAT—>
DRKEZFHEHEYIZE LT, StelsonZi#Z CkIH,

IAVIRYE) LB EIANT— T 5L,

Fu¥iz (hE, #iL k%) kb FvyE5r—v 3
VICHET O 2 O BRI A T b L.
AEETIX, ZNoOMEEZBNT 5.

2. StelsonZEIRDEHE

2.1 StelsonHRICDOWVT

Kim A. Stelson#d%id, 19824\ KE~HF 2 —
ty v THRRATH LS 2L, BlfE KEI %
vV % K % 12 B v TNSF (National Science
Foundation. 2 KFH=ME) ORiB4IC X ) &%
& N 7zCenter for Compact and Efficient Fluid
Power (CCEFP)" o+t > % —ETH»5?. M+t
yF—x, HAIANVF—, AMATFr—IVoOHVE7
W= FRg—7pk, a7, ERIERTHER R

ATV — T =2 2AF 2 0EB % HIEL TV A,

22 HEOBEY

K UVRIYVLAEHMO2HE GEEOMH) @
F—TF =T LEZ I &6 &, Stelson# %
OEFPIIR L, 500 CTirb iz (BE
1 ).

A #% i 1, [Saving the World's Energy with
Fluid Power| &fEL, MHOH T IV F—IZEHEK
§ 57 I — KN —DIRIE DGO W TR S
7. UTICZEOMELHNT 5.

9, WRAOEZANT—IZHENT 5 7V — K%
T—IZOWTHBIL TWw5b. BIEEOHROIRNIZD
WTIE, Ao, HEREBRAL, RN BaEO
REER EDT AV F — RS 2 FIE S 2156 L

TW5., KEZAVF—HD2008EDHKFICL B &,

K231 H28H AR AT

R TR T AR ZE T

(FrfEdL T 226-8503 b 2 11 WA 5% T ok X = it FH ] 4259—
R2—42)

HAE B2

F—1RED23~30% % 5DTW5E, 7272L, 7V—

FXT =2 27 2 0%FIE, WHIZED 6 ~40%,
I T21% TH 7% DKV, S8 5 ER D 5 % DR
D FEE, FERIO~110E F VO ANV F—a X b
DR &, 433007 + v UL EDCOMEH & o Hl
ZH7:5F. SRBRISERICIS%AIEZED L Z LN
TEE, FR190~250E Fvo T A v F—a A b
OHiF &, HAFEI00H v PLEDCOHEH & o il ik
NTELELTVS, TAVF—RROYLHEICL D,
7V — N8 — ORESEREM, BEIFEW, B X O]
= UN\OIRHIZBIT2E T AN T — DR %5
LTS, Fh70— K287 =IOV Tk
~, EffE, 7V v 7vanlE, BUTmENE, E
BAR, MMV r, @i, BXOEAT —BE
MR, BRhE, B, EMAVF 4L, Bk
DI NTWARWZ L ELTW5S,

DXI|Z, CCEFPIZBWTT A MRy FEHEEL,
B LTWwEHo0mnrs, A fVF—I1CHEL
= ZO D RFHICOVTHA L TWw5b. CCEFP
X, 7IV— T —DEFELREIANVTF -2 HIFL
e ERLTBY, 1) BEOWHICBIT AT
ANVF—REOBHE LY, 2) KREOMTENA
7 v FEAFIZX 2R HOMEOLE, 3)

%J’DT:L\fd:L\

Mottainai

Energy is too precious to waste.
We can do better.

Stelson# 5% O #iE OFET-
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Power and Weight of Fluid Power Systems

2

-
<
:

High energy use region T
gh energy use reg P wind

turbine

-
%
\

automobile
* /./' *
~ excavator

Power (kw)
2

1004 mobile robot % - 7

% = CCEFP test beds

- e
* medical devices

10! 102 10? 104
Weight (kg)

B1 ZNV—FNXNTJ—=T AFLPDIINTT — L EAE
[CHk3) XD izidk]

BB D WG R R AT A4 XD 7 v — R85 —
FNAL AR, BLU4) 2 F ¥ 2o 1
#HEELTwA. K11k, CCEFPF7 A Xy K
WBFHNRT—LHEZRT. TRHEDT A MRy
K, Thbb, BEATFNL A, BHaRy ~, M
B, NY—ya\VBIOEDY—-¥Y L WErd
HNRT—BIUOEBREOL Y IVE2IN—FT5LIHE
HERCOEZEEIN TV,

§ 118, REBEMERWO —>THEH/37 —
IaNNVIZOVTIBRT WS, T — g\,
HEEBE, AT TV ¥ ZTEELR ELBOEEE BIR
BILZAT 9 MHE 1% 2 F5o 4 7 1 — R EHE R O
RETH 2. WY LRIHIY A 7V E2ITH 8T —
amVOIANF I, TRV F—D40% DL
Lot A o ae e < flFIIB W ThRbn b 2 &
ZRLTWS, R, HEf2zTEEERY
FTICHEEMZ A LX), BICKAHEEZ RS
FTAHILNTEXL., WHNEAERGIET 7 F 21—
a rTlE, —OOEERIEE,A S DT AN F—EE
HIZH ) —DOOFMERBCTHEHT LI LENTEX S,
THF2AL—FINODIANFT-EREMZ 5T LI
XD, SHRRKRELRIANF—ZHHNT LI LANT
5. FEBRHEEGIE/NE ST -2 axXVIckD,
PREHRE %2 #9128 TE D 2 EAVRENT W 5.

B212, ZV—FRT—0FH LwItH & LTHE
NA T RA—IZOVWTHBRTWES, JHRERTT
WA ED, L) RIEOBEBADIHIZBNT,
WHENA T v KA =3B RN 7Y v Fh—=12kb
RPBRDEBORIREBE VT ZA N THDLZEEZRLT
BY, =2—3—=71F, 3006DMENLS T v
NGB OMEMZ#EOTWE. 252, FEHIEAD
ISHBZE DD BN TV 5.

WMHENA 7Y v FH—i HMT (Hydro

HAE B2

Mechanical Transmission) BX U7 F 2 AL —%
EHOWAIANVEF—\ET AT ALY, B0
DIYATLEREBTHIENTESL. N TYY F
VAT AL A ANF 1L, KB AL
X, I T7EELI VY VRIS
XBRFEOUNE, BLIOZ Y Y yo/MAICE D FE
HWahb.

WENA 7Yy FORIZIZ4HED S, T4b
L, WBHIE, EHIE, AJEAEHMTE, BXOH
DFEEHMTIE TS ), HMTIZ8) )55 855 B Bk
EBREEN S, A, WERAELZ= Y D AEER
DOBEMZEERE IS Sz o b v Tk
W TH 5. WHIEHMENA 7Y v Fh—1F, @mw
ZERNE AR RO, T Y L OBERRRIIL L, ®
KreREL TS, BEHIEMENS 7Y v -1,
oW X 2 B # B % HST (Hydrostatic
Transmission) C#E X# 2 723 D TH 5. HSTIZ
MR TH Y, EHIZEIIRICERZ Y Y oD
BEME X WS, HSTICBIF A T 2V F—H%ED
IV VIR OUENR LV RE L RSN D
L. TN, BORERORYTBIORY S - E—
ZWEHIEMENA 7)) v K —OREN EIC L%
LEMTH L. WHH 7B L BB EO R T,
WHI AT FERES, EFIGEGER IS ShTw
5.

HMTIEFIE B X OEFIE ORI 2 A8 T
HO, ANFEERTLIIHOEERETE .
HMTIZ, #88E MED =2 OB D5 &R H
A. HMTEENA 7Y v FA—1%, BRI THE
BHRETE 720, WHEBLUCEVIZELD b EW
BV Z AT BT DH 5.

VN7 P TCIZANF—2ERT L0112, itk
DHAZHCTF20L =% Tld%R L, HERIC
IANF—2ERETLT7F 2L =P ENT
Wb, F, TUIVVERVTOI=y FHRREE
nTwna.

#3112, AT —E L IonTRRT WS, i)
i, RET AV F —E 520304 F TIZEAT AV
F—FHD20% % 5D E W) HEZERELTWS X
IS, Gk, HEELRIAVE-JHE LS. FEEEIL
JWHE L)) IR L 2 TNE RS RniD),
JAJ) 5 — € NI HGERE R S BT H . BFE
X, —ERLEOFT Ry 2 A%MHL, 7 —TL
7 =7 ZATHIELTWDEA, 7Ry 7 AI3E
, BT, EBEMESMER. BEEOKTIE, B
EBVAHNWAHLFROBNEAMIZ X 2L E
C5.

HSTX, MAHy—E oz, F7XRy 7 A
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BE2 FuBdEomEokT

Rb DM FEERMT 5. HSTIX, ¥7Kv
7 AL WAREE AT, JEST &M B 72D IR il
ZERWAZ LK), TRy 7 AL EEKEE
e THIENTE L. HSTIR, F7KRv 7 R &k
RIS, MEEEE O — ¥ ORI FEE
BN$ 2 XWCHHTE B0, &aFE2E{TE
LU MDD A, T/, WEAEHICLY, NT—x
L7 =7 ZIZEBRBOKRTBLOITX MR

&, FWIREREZMEHTLIENTEDLHITHD.

HSTIE, F72, HEEZAOMEGEANH S 583
LT LI REREGELEI T v v a VIR E
HT A, —208 LWwid&lE, HSTZ FEIVNIZ
B L7zR > 7 e, SEREHEHGE D ICHED
EEICRELMEE—Y 20T A ETH D,
CORKRIEY, FEVOFEBEHOTEEDHIZ,
AVTFF VA, BEHBIOKBEDODTRTOE
BREFENDT 7 AR BFERHIITHIENTEL.
WBIZ, TN— RN —HEREIERTHY, HAR
DAL TH D [Holznrwv] OFMEIREL, 3
FMC X 8o EzXsZ LPEETH D Lk
RTW5,

3. FuBIRODEE

31 FuHE#gICOWVWT

Xin Fu#dzix, 19984EIC A —A M) 7 L F —X
YRFETHLSEZRG L, BE PEWHLRTO
State Key Laboratory of Fluid Power
Transmission and ControlB & OB T 2#FHZ TR
L, 7V—=FNT—=Y A7 A0S - BEE, ~4 7
07— R =3 257 A, BXOTHREFOHE
EDTNEYY,

HAE B2

K2 FxUYsr—aryBlollH3T50KE vF
WBUA2FYETFr—Y 3y [XHE5) LD
#7

32 HEOBME

R VRYILOEM 3 HHOREREXB LV
Ny N OERINC, Fuddz o g Bl e el i g,
FEEEEIS00CTirbhv iz (BHE 2 3H).

A % 1 1%, [A Fundamental Research of
Cavitations in Hydraulic Components] &REL, il
JEREZEN D F v ¥ 5 — 3 3 v OREBENIFEIZ O W T
RSN, S5, MECBIFL 7V — R8T —
FEREOBIRIZOWTHM SN DUTICZoMESY
AT 5.

321 MEBEBNOF X Y5 — 3 v OIEBEIFZE

T, WMERBNOF ¥ 5 — 3 3 v oXBENHF
FORELZ DOV TIHRRT WA,

Fr ¥ —3a rORELT, BERED XN =
AL, BIXUOKAEED A = XL MEiEE L,
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BHL, WMEFYETF—Y a0k Bukl#EzgE
BT 52 LA WMEOHNTHS., Fr T — 3
Y OFERGITICOWTIE, IEREREOh A S alE H
WHEEZIY FF, AF—VOUE/ v FBLOVE
Iy FIZBIAEFY YT — Y a YRISEOBI %
fToTwb, BEBEDA =X LIZDOWTIE,
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WZOoWTIE, BEARER EoOEAKICBNT, FrE
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T—aryOEFE LT, BWAOEMIIC X SR
B RERTIC & 0 AL A5 —H s e L, &
ENRGA—FELTHFrETF—Y 3 Vigfollon
THW LTS, VIE vy FBIUVUE v FI2B
FEXF YT —va yEAEHEENATITLDEIIL
Tw3 (HM22M]). VIE/ v FoGa, oy
VEBIZB VT, PNCIEAE LEBT A A8 5
AT BT B &) BRSO &, WAROMHE
Whezy VHOFARIGHICEIDFr T — 3
VIELBELTWA. UE/ v Foiai, Myl
WEE) T 2 R U CRERICE E L 72K & 722 221

2L, MRS 2R 2RESH L 2L L TW5.

S O I & BB ASEAT CTR O, WARh oMMk
N7y FHNOMHHRIIZE ) FryET—2 3~
BELLELTWAS.

OXIZ, FYETF—Ya vBIURBRETOTENRS
A—FIZOVWTHELTWS., v FIZBIFa ML
£, ALED, 7 v FROmERE, /2 vF3A X,
BIXOENEZZRT, BELAXVEEL, &8
A=Y OB EBRNHSL2IZLTWS. UE
7y F o, WMOENOBININL, Fr¥s—
TavIiIRELSBALT S, BELANVIEDH AT
KeEZLD, MEIIZITZEAERE LW, AOESN
OWEINZH LTI, FrEr—vayidm s,
BELANVIZIRRESCEE L2, maEldisl L
Bins 5. 7y FROMBKOBEMIG LT, Fv
Er—2 3 VIR RESEELRY, BELVIE
BWim+ s, wElxpLcmss. 2 vy FH A4 X
D—DODOEEDWMI LTI, FrEr—T3a v
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ER Suspension | MR Suspension

Max. yield stress 2-5kPa 50-100kPa
Max. field ~4kV/mm ~250kA/m
No-field viscosity 0.1-1.0Pa-s 0.1-1.0Pa-s

rabl mp.| +1 + 901 .
Ziegeab e (i(?n?g, D9CO)C A0 to e
Response time <milliseconds | <milliseconds
Density 1-2g/cni 3-4g/cnt
Power supply 2-5kV/1-10mA | 2-25V/1-2A
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é Diaphragm
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! ER valve 1 ER valve 2
!' - open : close
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Lo Glass plates Electrodes(ITO)
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Propelling actuator
Clamping actuator B Clamping actuator A
ECF jet

generator C ECF jet generator A
EC‘;E tank

ECF jet generator B
ECF tank

Clamping unit B Propelling unit  Clampmng unit A
X5 HHABHTARY bOBEEN

ECF jﬂ ECF je[ generator App]ied [OIaTiSIl rate

ECF

ECF stream Channel separation wall  Drift due to Coriolis force

X6 ECF~AZul—bhIvAaofiEe

Qutside power

supply
@
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vvvvvvv

......

Micropump
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(A) Structure and components of ECF-jet generator
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(B) Dimensions €A
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(b) View around the bellows actuator

(a) Overall view
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12 Water driven stage
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Thoughts and Impressions on the 8th JFPS Symposium on Fluid Power™

Andrew Schenk™*

1. INTRODUCTION

Fluid power is a critical technology used in
applications such as automobiles, constructions
equipment, manufacturing, and aerospace only to
name a few. However, due to the compactness
and excellent integration of fluid power systems,
they are often hidden from public view. Thus, it
was a pleasure for the 8th JFPS International
Symposium on Fluid Power to spotlight advanced
uses of fluid power in industrial presentations
while also reporting on the academic research
propelling fluid power technology into the twenty-
first century. I had the honor of attending and
presenting at the conference held in Okinawa,
Japan in October 2011 and in this review article I
would like to share with you my insights and
experience.

2. PRESENTATIONS

Over 100 papers were presented at the 8th
JEPS conference in just two days. Four parallel
sessions enabled all the papers to be presented in
such a short period of time and because the
sessions were grouped by topic, it allowed
attendees to focus on presentations immediately
related to their area of interest. Of course the
downside to this format is that a single person
was only able to attend a portion of the
presentations.

The conference began with a special lecture by
Prof. Kim Stelson entitled Saving the World's Energy
with Fluid Power”. The paper highlighted a 2010
study conducted at Oak Ridge National
Laboratory which found that 2.3 to 3.0 percent of
all energy in the US.A. was transmitted through

SER2VEI2HLTH AR
**Maha Fluid Power Lab., Purdue University
(FifE# 1500 Kepner Drive, Lafayette, IN 47905, USA)

HAE B2

fluid power with an average efficiency of 21%. The
paper concluded that there exists a large
potential to improve the overall efficiency of fluid
power with significant energy and dollar savings
as a result. It was an excellent presentation to
open the conference because it highlighted the
fact that fluid power is not a fully matured
technology, but rather much work is still needed.

As my research focus lies in hydraulic pump
modeling I primarily attended the breakout
sessions for ‘Fluid components and systems’. All
the speakers I listened to did an excellent job
presenting their research.

The official language of the conference was
English and thus all papers, presentations, and
questions/answers were in English. What makes
this fact so impressive is that I was one of the few
people attending the conference who spoke
English as a first language. I would like to
personally thank the other attendees for making
the effort to use English throughout the entire
conference even though it would have been easier
at times for people to speak in their native
languages. This effort did not go unnoticed and as
a result I felt very welcomed and comfortable
throughout the event.

It is simply not possible to comment on each
presentation I attended due to the length of this
review article, but I would like to mention a few
in particular. Although my present work is in oil
hydraulics, I see a great future potential for water
hydraulics to replace many of the oil fluids in use
today. There are numerous advantages to using
water over oil, the greatest of which is a
significant increase in environmentally
The keynote speech by Shimpei
Miyakawa entitled Aqua Drive System: A Technology

friendliness.

Using Tap Water and its Applications® highlighted
recent advances in water based hydraulics and
some of the newest applications.
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With the vast amount of research in the area of
micro-electromechanical systems, clearly there is a
trend to miniaturize systems for use in many new
technologies. This area of miniaturization is also
present in the fluid power community often in the
form of function fluids. The presentations in the
session on functional fluids were excellent,
especially the papers Control of Bellows Actuator
using Electro-conjugate Fluid” and Numerical

Simulation of Ion Drag Pump Characteristics”.
3. VENU

The conference was held in the Okinawa
prefecture at the Okinawa Convention Center.
The particular venue worked well for a
conference of this size as there were both large
rooms for special lectures while also having many
smaller rooms to hold each of the breakout
sessions.

During the breaks between sessions and at
meal times, it was a pleasure to network and
speak with so many different researchers. Being
only a PhD student, I did not know many
individuals attending the conference beforehand.
Fortunately, everyone I met during my visit was
extremely friendly and there are a number of
people with similar research I now plan to
continue to stay in contact with.

The closing banquet was held at a hotel nearby
to the Convention Center. It featured an exciting
cultural presentation with dancing and music.
Following the festivities, the Best Student Paper
Award was presented to six students. This was
my personal highlight as I was one of the
recipients of the award for the paper I presented.

Fig.1 The 8th JFPS Symposium Best Student
Paper Award Recipients

HAE B2

Figure 1 is a photo of the best award recipients
posing with Miss Okinawa and Prof. Shinichi
Yokota.

4. CONCLUSION

It is unfortunate that more researches from
outside the Asian continent did not travel to the
JFPS symposium. The opportunity to meet with
so many prominent researchers at one time is an
extremely unique opportunity. Personally, this
was my first visit to Japan and I was extremely
impressed with the friendliness of people, the
culture, and the delicious food. I look forward to
returning to Japan soon for business, the 9" JFPS
conference, or pleasure. I would like to thank
JFPS for allowing me to write this review article
and would like to suggest to all who read this to
attend the 9" JEPS conference in 2014.
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Where is Matsue City, Shimane Prefecture?

Shimane Prefecture

o

Matsue City

This beautiful town, surrounded by water and blessed with an
abundance of beautiful natural scenery, the 'water city', Matsue.
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Application of Simple Adaptive Control to Water Hydraulic Servo Cylinder System

Tsuyoshi YAMADA, Kazuhisa ITO, Shigeru IKEO

In this research, the positioning control of a water hydraulic servo cylinder system with the simple adaptive control
(SAC) is discussed. Conventional model reference adaptive control (MRAC) also achieves good tracking performance for
cylinder control, but the controller structure is much more complicated and has less robustness for disturbance in real
application. Compared with MRAC, SAC has simpler and lower order structure, ie. higher feasibility. However, no result
has been reported on SAC application for water hydraulics. In this paper, we examined and evaluated the control
performance of SAC on a water hydraulic servo cylinder system, and it was confirmed that SAC gives 1) better tracking
performance compared with PI control, and 2) comparable control precision and higher robustness compared with MRAC.

Key words : Water hydraulics, Servo cylinder system, Positioning control, Simple Adaptive Control, Model Reference

Adaptive Control
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Fig. 1 Water Hydraulic Servo Cylinder System
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Table 1 Specification of the experimental set-up

module specification

14MPa, max
21 x 10 *ni/min

1.7x10 *'mi/s@7MPa
bandwidth 60Hz

power unit

servo valve
(nozzle-flapper type)

motor _
L 15% 10 °md/rev
(axial piston type)

pulse encoder resolution 5.0 10 'm

water temperature 30+5C (tap water)

51 HEREEHMHEE

Fig 327 B EIERIBIFE R %2, Fig 4L ORREILARL
72b 0%y, £72Fig SIGBIERVER R Y. 22T, 1
BEeBES) LT 570 1miEORRERL TS, 72, 4
TOEBRIIBWTY ) ¥ FOHYE L - 150mm & L7z,
PIHIBIOY DA, FEERFIGE R DD F ) 1235 Tl8mn
BEOKE ;T —N—Ya— PR 5NE. Zihud#Ey %

HAE B2

_4_

20— :
/I U N R
E
£
£ =50
[0
£
[ 7]
8
a_ —Reference |
27100 ~-SAC
- MRAC
---P1
150, 5 10 15
time [s]
Fig. 3 Position Tracking Performances
19
10}, PV P
€
E 5
+
c
g 0
L]
S
a -t —Reference
3 : --SAC
10t et —mom ] T MRAC
Pl
_15 1 1 1 1
2 4 6 8 10 12 14
time [s]

Fig. 4 Closed-up Result of Position Tracking Performance

Tracking error [mm]

time [s]

Fig. 5 Closed-up Tracking Error

15—

10- o
E T
< 7o
= 7
I~ S
£ i
5 G
s —Reference
g -—-8AC
- MRAC

---P1

6 605 61 615 62 625 63 635 64
time [s]

Fig. 6 Closed-up Tracking Performance in Transient Response

A v OBEDPHE LW LI L 5. EFRERO R
WEIEMC +0003mm, AT -0007TmmCTH ), Z DEH A

20124F 3 H CPI%244F)



L - i - )

BALEIS R OKTES — KT ¥ ¥y A5 A~DEH 27

X3 2 OB ENHAET B BEERE O & 55
BLEZONDLD, INOHOMPIHIEEICL > TRER
EWIR SRV, 202 LS M RPIFIE T Bif%
RSB SN L —T, RIHETE TN #oE REH
BREL, Iy bu—9754 Y OFEICERELRTL
BAWBEL 70 5. Fig 61 BIEINEC BT 2 ERkE R 2 ik
L72bD%&RT. BIEIREIC BV CSACIT Bt 2 PIHI#HLC
WARTRIFZ2EH% LTPH Y, MRACE FSREDBIZ
RILT0WBZENGH5. 72, MRACTIZY 7)) ~
JI%205msE TLAVNE { TE L v—7, SACTIF02ms
FCTPHELTLIEDNNETH 7. TOZENBHSAC
IEMRACIZHAGHEEMAVN S W E DR S L.

52 NIA—AZTENHTHO/ X i

WITINT A —ZEFNT B &l o a N2 bMEZ b
W5, KL TIENF A — 2 EHE LT OZEH) &
) v OBBEERT OB L TR 2179 .

521 HHEEZEENTS A a8 A ME

Fig. 7-Fig QW HSHRIEZE) T CORHIMTEOME BN
REOEBHEEZRT. EToOMBEFEICBTBES
TMPa L THEHIBISS X —F OEE 2TV, FEERIFIZIZ
BERIT 2, OMPaid & UBMPaN& 258 L CHEER % 1T - 7.
PIHEIC B W CIARIE 2SR E NI EB) L 72 & X 122sHH]
MEORBAFNT WS, THIIRE L2F0r 4 V5K
EVWDICRILEEZZONDLD, —HTINERETS
CIRERFASR & {2 . MRACD kR, Mg B
LIREATH SN LA, P LE~IEH (R TS

X —Reference
10.6 5MPa
e ---7MPa
£ ---9MPa
—' 104
o
o
E
(7]
5102
8
o
10-
5 10

time [s]

Fig. 7 Robustness for Supplied Pressure Change with PI Control

) | —Reference _
106 il 5MPa

J —7MPa

W .
104 %s ) 9MPa

i

e
E
ST
I

displacement [mm]

<

(%]

Eres
e T TN
===53 SIETER

5 ’ 10
time [s]

Fig. 8 Robustness for Supplied Pressure Change with MRAC

HAE B2

_5_

—Reference

10.6-

=
+

—_

f=4

N
)

displacement [mm]

-
@

5 10
time [s]

Fig. 9 Robustness for Supplied Pressure Change with SAC

5. ZOWRENIOIIRIE TORRIEDTK E W 72D I H
RICBVWTIEETSNT, ZOZ LIISACTHABETH 5.
—JiSACOIRBYIEH] & PIHIAIC e _IEF 12425, MRAC
WZHARDTPICELHENTWS, 202 &2 5SACIEPIH]
KR E C, MRACE ISREO TN MEEZH LT
WBZ EDGH B, Lo LSACTIIMEHEEAYES) L 72312
EWRENPKREL ZoTWA, ZhF R LA X9 %PFC
BEALIZ LIZL D BIROEETH D EEZONL.
522 EMEAMZEENIT a8 ME

Fig. 10-Fig 12123 V) > ¥ OEPEAMZS) T T O K Hl#H T
P X BAE BB O FERE R R T, AMASB0kg T
BN X =7 Z®E L, TOHRANZ100kglZZH LT
FEaTT -7z

' —Reference
10.6 -—-50kg
i 100kg
£
104
5
5
3102
)
o
10
5 10
time [s]
Fig. 10 Robustness for Load Mass Change with PI Control
10.6
—Reference
= ---B0kg
E104 ' 100ke
< i,
Q EH
£ B
] R
2102- P
3 :
10 :
5 10 ' 15

time [s]

Fig. 11 Robustness for Load Mass Change with MRAC

20124F 3 H CPI%244F)



928 HART V= K87 — 3 27 N2 aimmsUik

106 —Reference

z ---50kg
100k

E104- &

c

@

E

g

5102

&

Z

10-
5 o 10
time [s]

Fig. 12 Robustness for Load Mass Change with SAC

PIHIEI DS E, BMASB0kgD & X 12 HAGE IR AR O3
PR TV LZ LD h D, Tz, TOLEDF—
Ne=va—bFHRELSHRLTWS, ZRIZEEER OB
INC & 2 5BSE I E R M OB IUCEHN - £ 2 5
N5, FERICEMZENIN L TMRACT b B E Ok
WV ONDLD, FOLEDF—/N— 22— MIPIHIENIC
HAUNELIR HNTWA Z LD D 5. ZHUREIE/ 3
A—=FOEHNTE Y I8T X —F BB Z @Y HifETcETw
5720 ThAH. —J, SACTIIS0kgDHiar & AT b IRE)
RO AL H SN, F—N—3 22— FHPIFIEICEL
TSR ENT VBB ZEWnnAh. O ENBSAC
BB LT O PIRIENC LR, a2 MEEA LT
Wb Z DTN,

53 AFNHELICHT B0/ ME

KIS — KA TR R § 2 Rt 0%
TS 27280, 72+ —8—F v FITT BEEORHH
HEENTWAED, —HTIIUTL BE OFEAEDET &
NpnZ EDRI SN Tz, RIFZEICH L 72— R
TH, ANEEICBITZFEUHETA T —VEMDIEHT
03V, HHITOAVREDO RN AEAET 5 Z & 2SFBRIWIC
GhoTw5h, AU LTI, FEERBIMGRT 48 T8
fEIZE D AT — L% A — 7THILE IR L, A
TRZ IR D 5 T B EBREIT>TwAh, Ll
DOFINEEITF BTN DS LIRS, REIEAS
AT —=IVOBEHIIZH L TIELDL 28I hb. 20
BIBIZ NI RROFEAIC L VIAN T 5 2 LS HETH 5
A5, AR GHEINET I T 2 L E L ONG. 22
TRANIELO—BI & LTH =R AT LAWNIHFLET S
FERROAEAT L 13PN, Fig 13138 & 912, PCH TR
AT (Disturbancel : F 10V X UDisturbance?2 :
£15V) & AHMIBRICE 2, SHETFEICBIT 503 A

Designed control
input (voltage) T

Actual control Servovalve spool
input (lvoltage) _o_4vT _ | displacement
‘ | 03V

|
PC 1 Servovalve
Table 2 i

Fig. 13 Model of Dead Zone

HAE B2

_6_

MAEEMET L7z, Fig 14-Fig 1612 2 S o AiHEELZ Fn
L7 & X OBHIEEIC X B AE BRI 2 R

T FPIRIICI1E, AT ORIKIC L 0 BRI X 2 A
FA v 7 Ay THENEEZIHN TN D Z EDB5h5.
EHIIHNERFIRAKEL BRBICONTAT A v 7 A v T
HEOWEL FERICKE L o Twd, TR0 E
WEBLDTHDHEEZONDD, RNEAFIEARMTH 5
Z &S MIEISE OB RUEEITHE LY. —HFMRACT
BPIHENC R OND L) B AT 4 v 7 2 v THIGIIHERR
ENT, N OZIC L B RELBEIR SNV,
NEHFIEDR & 2 BIZONTRIEISEDEL 725 2 &
53%2%. SACTHMRACOMER L IZIZFFETH 575, A&
THIROBMNC & & 72 ) WA OFBAIZ SN LAF
5.

Pk Z & h HSACIEANEAT &2 BidiE L 7= AJIAMELISH L
Tid, MRACEHLCHEVENZ MEEALTWAE T
EGHD.

6. ¥

AFSLTIE, HAGEISHIE (SAC) REAREF—KI)
VEIVATANEAL, FOREMEREE T 5720, K
JES =R V7Y AT LOBFE TN E ILICSACHI S
DRk EAT - 72, 155 N-HEC X ) PRl FEER % 17
W, B ZRPIRIE, 6k TdH 5 E 7 )V HHET 58 I ) )
(MRAC) &DIERIZE Y LT O Z AR S 7
- BERAIZIEMTH0003mn, AT -0007TmmTH H, =

NEEHHTRICL A RERBEVIIR O N 572 B

PE IS TIESACIEZPIRI BN LR BAF 2 856 2 R 72 L

MRACIZ I L CIRERE DB TH - 7.

c T A= B L TOUN MEOKGET D720,
KT RN 2 Z L S84, SACIIPIFI#IC A~
FEFITHONZ MEEALTBY, MRACIZIELCH
SREOUNZ MEEA LTV,

S RE—RFRIZB O THRICIE L 7 ) B oA g & Bl
L7 ADAELUCKT 2 TN 2 MEOME R % 1T - 7.
SACIFPIHIENZ RPN OB H TN M TH D,
FEMEISAICBOWTIIMRACK D & @ N2 MAEATERE

il

10.8
-—-Reference
—Without disturbance
- - Disturbancel
Disturbance2

_._.
e ©
S~ =

—_
=
|

displacement [mm]
=
N

«©
w

40 50 60 70
time [s]

Fig. 14 Robustness for Input Disturbance with PI Control

20124F 3 H CPI%244F)



IH - Gk - 2 - BALEISHIEOKEY — R ) ¥ 5 A7 AN0#H 29

" -—Reference
106+ —Without disturbance

- -~ Disturbance1

E 10.4F Disturbance2

o

=y

£

[iF]

& ;
o i

: g
40 50 60 70

time [s]

Fig. 15 Robustness for Input Disturbance with MRAC

108 | --Reference '
106 —Without disturbance
— --Disturbance1
._E. 104 Disturbance2
§10.2
E
['5)
g 10-f--—— g
2
T 98
9.6
20 30 40 50 60 70

time [s]

Fig. 16 Robustness for Input Disturbance with SAC

Inz:.

PLEOFER X ) SACIEIMRACIZ LA~ E DM HLCHIEHA
TAVNSWVIZH D ST, FEREORIETERL SN,
ONA MEZFLTCWS I EDHERS N 2O Lhn
R INE DU E LT — KROS5 FEAN RSO
ThbI LIHRINT.

SRR AR HIEIEROPFCEITA L2 &12 &
B HRNRD BN EOREAAT 20D EHLNIIT S
VENH A, Tz, WIHELOAIED T TOMRACE O
REHED EENS.

2 2 X ®

1) Sanada, K.: A Method of Designing a Robust Force
Controller of a Water-Hydraulic Servo System, IMech.Eng,
Part 1, System and Control Engineering, p.135-141

(2002)

2) Laamanen, A, Nurmia, M, Koskinen, K. and Vilenius,

M. : Two different control methods for digital flow control

HAE B2

unit, Proc. of 5™ Scandinavian Int. Conf. on Fluid Power,
SICFP03, Tampere, Finland (2003)

3) Tto, K, Ikeo, S. : Robust Speed Control of Water Hydraulic
Servomotor System with Load Fluctuations, Proceedings
of the 7t Triennial International Symposium on Fluid
Control, Measurement and Visualization FLUCOME03,
No. 091 (2003)

4) BIRGRER, FIHY), REFSCHED @ 2255 — K0l
S, FHI B B AwmoC . Vol 24, No. 11, p.
1187-1194 (1988)

5) WG =, WX S - T 7OV E
ISR O BAIMEY — R ¥ A 7 A~OH#H, T
& ZBRE, Vol 20, No. 7, p. 625-632 (1989)

6) Ito, K, Ikeo, S, Takahashi, K, Kanamori, N. : Robust
Control Performance Comparison on Water Hydraulic
Servo Motor System, Fluid Power and Motion Control
FPMC2008, p. 149-162 (2008)

7) Barkana, I : Parallel feedforward and simplified adaptive
control, Int. J. of Adaptive Control and Signal Processing,
Vol 1, No. 2, p. 95-109 (1987)

8) wFER, VLHHS—, HEFMR], S R R
= HALEISHIE (SAC) FHOWES—R T AT A
NOMEREHANOIGH,  H AR Sl 8Cili, Vol
61, No. 590, p. 3991-3998 (1995)

9) HHURE=, BRHATI, ‘GIRER, ARAHRR © —fkiE
FEHZRE ) v OMEROHIE, HAZ N — R
77— AT LSRR, Vol 35, No. 6, p. 97-102 (2004)

10) Broussard, J. R, OBrien, M. J. : Feedforward Control to
Track the Output of a Forced Model, IEEE Trans. on
Automatic Control, Vol 25, No. 4, p. 851-853 (1980)

11) Steinberg, A, Corless M. : Output Feedback Stabilization
of Uncertain DynamicalSystems, IJEEE Trans.on Automatic
Control, Vol. 30, No. 7, p. 1025-1027 (1985)

12) Barkana, I : Positive-realness in Multivariable Stationary
Linear Systems, Int. J. Control, Vol. 42, No. 6, p. 1491-1505
(1985)

13) FIHES, EAAE3E © AJifafl s A 7 4 @ Anti-windup
W, ¥ A7 2K AARE Vo. 46, No. 2, p. 84-90
(2002)

20124F 3 H CPI%244F)



30 HART V= K87 — 3 27 N2 aimm Uik

ERE/NIV— RS TV F 21 T — 2 DT IVFAIKIE"

K

MW, R RO O M |

ko

Bt A M

Predictive Functional Control of a Tendon-driven Actuator
Using a Pneumatic Balloon

Jun-ya NAGASE, Toshiyuki SATOH, Norihiko SAGA, Koichi SUZUMORI

In recent years, Japanese society has been aging, engendering a labor shortage of young workers. Robots are therefore

expected to be useful to perform tasks such as day-to-day work support for elderly people. Therefore, a tendon-driven

balloon actuator has been developed for the robot hand in such environments. In this study, we have evaluated

characteristics of force control of a balloon actuator using a predictive functional control (PFC) system. Predictive

functional control is one of the models based on predictive control (MPC) schemes, which predict the future outputs of the

actual plant over the prediction horizon and compute the control effort over the control horizon at every sampling instance.

In this paper, PFC control performance of a 1-link finger using a pneumatic balloon actuator is reported.

Key words : Predictive Functional Control, Tendon driven System, Pneumatic balloon, Soft actuator, Robot hand.
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Fig. 2 Tendon driven balloon actuator

Table 1 Specification of a balloon

Material Silicone rubber

Length 25mm

Long diameter Short diameter
21.0mm 9.0mm

17.8mm 5.8mm

Outer diameter

Inner diameter

1-link finger
Fixed plate

Load cell

J‘ Balloon actuator |

Fig. 3 Photograph of 1-link finger system using balloon
actuator
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Precise and Practical 1D Analysis Method of Temperature in an
Oil-hydraulic Cylinder Chamber considering 3D Internal Flow

Kouki TOMIOKA, Yusuke JOTA, Kazuhiro TANAKA, Masaki FUCHIWAKI

It is important to study a precise and practical way to predict temperature rise of oil hydraulic systems. It is interesting
whether internal flow patterns have any effect on the temperature change in a cylinder. Nowadays, commercial CFD
(Computational Fluid Dynamics) codes give accurate solutions of temperature as well as flow patterns. The authors have
calculated the flow pattern in a cylinder using a reliable CEFD code and have found that there is characteristic vortex flow
with a strong three-dimensional effect on the flow pattern, and the internal flow patterns can be classified into two flow
regions, a 3D vortex flow pattern and a 1D parallel flow pattern. So, it becomes possible to predict precisely and practically
the temperature change in a cylinder by incorporating the difference of the internal flow patterns with a modeling method

based on a lumped parameter system. A new method for prediction of temperature rise in a cylinder is proposed in this

study.

Key words : Oil-Hydraulic Cylinder, Temperature Prediction, CFD, Lumped parameter system, Vortex flow pattern
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Fig. 2 Test model of cylinder

Table 1 Analysis conditions

Physical p =860 [kg/m’], =0027 [Pas]
Properties A=013 [W/(mK)], cp=18% [J/ (kgK) ]
Turbul _
Hrbuience SST (Shear Stress Transport)”
Model
1D (Eq. 4)) : 1.0x107° [s]
Time Step ;
3DCFD  :10x107* [s]
Boundary Inlet: T,, = 40 [C], P=00 [Pa]
Conditions Wall : Adiabatic, Non-Slip Wall
Cylinder Motion | Frequency : 01 [Hz]
(sin wave) Amplitude : 100 [mm]
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Fig. 4 Cell-dividing model of cylinder (3 cells)
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Fig. 5 Comparison between 3D-CFD and 1D-Model Analysis
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Fig. 6 Prediction error of temperature at cylinder
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Table 2 Conditions for dimensional analysis

D=007,01, 015 [m]
V,=005,01,015 [m/s]

Cylinder diameter

Piston velocity

Kinematic viscosity 32x107% 115%107° [m?/s]

H43% W20

Fig. 10 Grid generation with tetra type mesh around inlet port
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