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B1E MR T, IMEEBNZ E OB TIRWEFNCB W CH S BB SN A EEM O~ 7 naR y FARD LN TE
D, Z0k kAR y MNUTEAAYV—BEL2HTIRE~A 70T 7 F a2 — S22 8EBAETHVAT LAOBEHANEE L
WS, VAT AERD~ A 7 il TR R BRI O WL NSETHDHZ L ERNTWE. WE~A /a7 7/ Fax—F
AT LOWERA & U CTERT X0 weR b A2 4 U 2 BReME iR ERF (Electro-Rheological Fluid) Z M5 & & HI1T48
WMEN AT L%&BHAL, &512 MEMS (Micro Electro Mechanical Systems) $fli& VN5 Z &2 X 0 Bk OFEEN B SN D
LTS, ZOR) RIFEERAEZ T, 1 ADORERE OH CTEEREOMLS « KV MNAMRET, IRERE/ET 7 Fax
— Z U OBETAZ K E ERF TOBEL T3 X — AR KM S D ZMENRE ER ~4( 707 7 Fax—F T AT hDOHE
R, FRERGRLOHMICERELTND.

E2E (RHENBBMER v~ 707 7 Fax—F L AT LAORE| TiX, VAT LAEEKO~A 7 vft & = 3L F—H KR
DOWNLDOT=DIZ, BEREVEIRIR ERF 2 Wi EREEORIE~ A 707 7 F o= —X VAT AOWREEIT> T 5. £7, ERF
ELTHRT 2R3 ~T 4 v ZHREOBEEE LRI OWTIR RIS, R~ T 4 v 7R EBERR L L7ZHl# L7 CTh 5 ER
~A 7 BNV TIZOWNWTIERDFBRNZSEXLTHHAL TS, ZLT, MEROER~A 70T 7V Fax—H T AT AIZOW
THALZOMESZH LN TS, RIZ, BETIRMENWEER ~A /07 7 Faz—F AT KMIDONWTC, KZES
BIZ X > TA LD ERF OREFiN%E ER v 7 u V7 TET 5 Z & T, RFMR—FafinEzBR L 77 Faz—2%
BRENT 2 Z L AEMERPE L T5 2L, I F0RAEZIRLTWS. &I, KMENBEER~A /a7 V Fax—H L X5
LO—FEE U CRRESIRE ER BT 7 F 22— 4 VAT LAEBEL, BHTT AR EZAOTZHRMAT 21TV, TORYM
LML TWD.

FBIE [T7—VET ML HEMERIMRAE] T, F2ETRELLEVATLAOT—VETNVERIEL, FEFEBREITI 2 &
I8 BEREEORGEZ (T > T\ 5. 1R LI HETIBEE) ER ih 7 7 2 =—% v AT AOWKRE TR CTh 5 2 IR, ER
VT, ER BT 7 Faxz—2 DT — T /L% NC LIEHEIC X A8m Tic X » TREL T 5. SIEL7- ER LTI
DNWTHE, MERDER ~A 7 a LT L RSO AT 5 2 L2 BMEERICE VR L TV D, RA A3A VE—F ZHRE
TRE LT RRIENIRD DA SN A ASRITE S 2 D ER STk » T L, AIEEE S 10mm o> U o— o = A%
T 7 F 2z — 2 ZERET 52 LK) EO/BMEEMIAL, BELIEVAT AOZYMEEH LI L TN,

% 4% [MEMS Hiffi & v 7= 1 AE ER il 7 7 Fao—4 | Cif, 9 3 3 CEWERE 2 ME L 7= 235k E F15RE) ER Jii i 7
JFax—B AT Mk A V7 a A ATEBRTH7-0I2, MEMS 82 Fv- 1 AHE ER Bl 7 7 F 2 =— % OR(EL1T-
TW5., EHEEIEOEDICET AR NN EZETO2RERE T 7 Fax—XOEHAOZHIZ, v a—r I A
PDMS (poly(dimethylsiloxane)) D LWVH 7 mE A 2 B%E L TW\W5. £z, ER7NVLVT D~ A 7 a{bdD 7= DI EHEE ERF O L E
PEZFERI L, EOFR~T 4 v 7 EREL TS, 51T, BRERESNET e 2 2LV ESN- T8 E S 1.6 mm O
PDMS BUEEIRM 7 7 Fa o — 2L oV a UM TIC LV BESNTZER~A 7 e\ VT 26325 1 HHE ER Rl 7 7 F
2T — X HRAEL, FEERICE Y ETFEFEA~O 1.1 mm OJE 2N 235 E2S 0 I 1.1s TER L, BNEEMA~A 27 oo
Ay b~OIGHTAREEEE R L TN D.

5% RAMEERBUT /7 Fax—F2 27 L) T, KMEIEEZ GOV AT AEEO~A 7 a4 XTOREL L
VCEHBET VFax—F AT AOBEDT-DIC,2 BHEER Bl 7 7 Fax—4 o 27 AOFEBZ AL L THEEBORLE,
FREEBREIT > T D H A TE TR L7 PDMS B 7 1 & 2 & W CHEE & 1.9mm @ 2 B H)% PDMS E#i 7 7 F 2= —
HEAERIEL, ZBKERBRIC X 0 mEJEIZ L1 mm, AEHEIZ0.7mm O 2 HREESEL#ER LTS, £, ZKimENRE
ER~AZ VT 1F o7 RICHEHE L) a il v 7238 E L, Z0~A 7 asZiEIRORE 2 ZERAGICHEE L T
W5, EBIZ, 2HMEPDMS 77 Faz—4 e v ) a kT v 7w —KMET 5 Z LIk o TLF v 7 LICRFE )RS 2
HHEER KM T 7 Fax—X A7 LA%MEL, ERF ZEIERA S LIZBEBN EBR ATV ORMEO—EE2 M L T 5.

H6E MR Tlf, AR THLNIMEEEZRIET 2 & & bICAZROBEIZ OV TR TN 5.
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The thesis entitled “study on alternating-pressure-driven electro-rheological microactuator systems using
MEMS technologies” is composed of the following six chapters.

In chapter 1, the background and purpose of this study were described. Microrobots working in narrow spaces
such as tiny pipelines of industrial equipment are required and are being developed. Hydraulic microactuator
systems are promising for the microrobots because they have high power density but they have the difficulty of
miniaturization of their control valves and the energy losses in their piping space. In order to solve these
problems, a new hydraulic microactuator system using ERF (Electro-Rheological Fluid), an alternating pressure
source and MEMS technologies was proposed and developed in this thesis.

In chapter 2, an ER microactuator system driven by an alternating pressure source was proposed. The ER
microactuator system was composed of an alternating pressure source and ER microactuators. Simple ER
microvalves using homogeneous ERF as the working fluid were employed in the ER microactuators for fluid
control without mechanical movable parts. Then, a working principle of the proposed ER microactuator system
were described which is based on rectifying alternating flow by the ER microvalves. Furthermore, advantages
and analytical results of the proposed system were presented.

In chapter 3, the working principle of the proposed ER microactuator system driven by alternating pressure
was verified. For verification of the proposed system, a large model of the system was fabricated which
consisted of a hydraulic actuator, two ER valves and an alternating pressure source. Bidirectional bending
motions of the ER actuators were confirmed in characteristic experiments.

In chapter 4, a MEMS-based one-DOF (degree of freedom) ER bending actuator system was proposed and
developed. For miniaturization of the high-performance hydraulic bending actuator parts featuring
high-aspect-ratio and three-dimensional structures, PDMS (poly(dimethylsiloxane)) fabrication process were
newly developed. The fabricated 1.6-mm long ER bending actuator demonstrated bi-directional motions that
achieved a displacement of 1.1 mm and a rise time of 1.1 s.

In chapter 5, a two-DOF ER bending actuator system driven by alternating pressure was proposed and
developed. Two-DOF PDMS bending actuator parts with 1.9-mm length were fabricated by the developed
PDMS fabrication process. Then a pair of two-DOF actuators performed bidirectional two-DOF motions in
air-pressure tests. A micro alternating pressure source using piezo bimorph actuator was designed by FEM
analysis and their characteristics were experimentally confirmed. The chip-size two-DOF ER bending actuator
system was partly characterized.

In chapter 6, summary and future work are described.
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