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

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

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

Key Words : ERF (electro-rheological fluid), Microactuator, Alternating pressure, Soft actuator, MEMS
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Fig. 3 ER mrcroﬁngers fabricated by MEMS process
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(DE-FERV)

OOMEMSOOOO00DOD0OO00DODOO0ODOO0
O0Fig.3000%0

O00o0oopooo0oOooo ErROOO
ODE-FERVOOOODODO

Fig. 4 000OOEROODDOOOOOOOODO
00000000000000000000000
0000000000000000o0o00ooooo
000000 EROOOODivided Electrode type
Flexible ER valve: DE-FERVOO OO OOOOOO
0 90Fig5(@00000000000000000
0000O00O000O00oO0O0oO0ooOooooao
DE-FERVOOOOOOODODOOOOOODOOOO
000000000000 10 mm 000000
0000000 5.0mm00 1.0 mmOO0 O 0.10 mm
00000 200000000000000 Fig.
5p) 00 0000000000000 0O0O0OOO
MEMS 0000000000000 O00OOOO0
00000Fige 00090

ooooon

O0o00ooooooooo ERFOOOOo0
Jdoddooooooooooooooooooo
000000000 D0DOOoO0OOoOo0o0 httpd
yokota-www.pi.titech.acjp 00000000000

googno

10 De Volder, M., Yoshida, K., Yokota, S. and Reynaerts, D.:
The use of liquid crystals as electrorheological fluids in
microsystems: model and measurements, J. of Micromechanics
and Microengineering, 16-3, 612/619 (2006)

Rubber chamber
(pressure increase — extension)

Electrode

» 5[
(b) Motion
Fig. 5 Microgripper using DE-FERVs

PDMS sheet Electrode Insulatlon spacer Electrode

Upper electrode Lower electrode

Fig. 6 Electrodes fabricated by MEMS process
for DE-FERV

20 Yoshida, K., Miyoshi, T., Eom, S.I. and Yokota, S.: A
Multi-DOF ~ ER  Microactuator ~ System  Using
Alternating-Pressure ~ Source, Proc. of ICMT2012
(CD-ROM), 1/5 (2012)

30 Miyoshi, T., Yoshida,K., Kim, J.-W., Eom, S.I. and Yokota,
S.: Development of a MEMS-Based ER Microgripper
Using  Alternating-Pressure ~ Source,  Proc.  of
ACTUATOR14 (CD-ROM), 394/397 (2014)

40 Yoshida, K., Hakoda, S., Eom, S.I. and Yokota, S.: An ER
Microvalve Having Two-DOF Flexibility, Proc. of ICMT
2011 (CD-ROM), 46/49 (2011)

50 Yoshida, K., Hara, S., Eom, S.I. and Yokota, S.: A Novel
Microgripper Using Flexible Electro-Rheological Valves,
Proc. of Mechatronics 2012, 3, 834/839, (2012)

600 Yoshida, K., Tsukamoto, N., Kim, J.-W. and Yokota, S.: A
Divided Electrode Type Flexible Electro-Rheological Valve
Fabricated by MEMS  Technologies, Proc. of
FLUCOME2013 (USB), 0S5-01-1 (2013)

- 38 -





