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Application Study of Functional Fluids
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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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Fig.1 Structure of hydraulic nozzle-flapper
servo-valve with the magnetic fluid
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Fig. 2 Tested amplitude-frequency response of torque
motor with and without the magnetic fluid
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Fig.3 Shear stress vs strength of the electric field for
particle type ERF
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Fig.4 Construction of the ER brake
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Cross-sectional drawing view
Fig.5 Structure of the micro suction pad

5. 8HYIC
FEREMETARIT N TRl ) - mifkeE e~ o1 7 m bk
MREEF ORERRICHE LTV D, AFaTIE, EBREY
AT LT WA EROEEREA 1 N a7 A S
#ETHLY A TV D BEREMEFR IR &2 W T2/ INE R Ik L
FOWFFEFFAR DL AR LT,

S 3k

1) Jinghui Peng, Songjing Li, Yutaka Tanaka, Vibration
suppression of the armature assembly in a hydraulic
servo-valve torque motor using the magnetic fluid,
Proc. 20th ICMT in Dalian (2016).

2) Jinghui Peng, Songjing Li, Yutaka Tanaka,
Numerical Study on the Vibration Suppression of the
Armature Assembly in a Hydraulic Servo-Valve
Using the Magnetic Fluid, Proc. 18th ISAEM,
(2017).

3) Xiangxiang Fan, Sayako Sakama, Takanori Togawa,
Yutaka Tanaka, Design and Fabrication of ER
Braking Device for Micromouse, Proc. 7th FPM2015,
IEEE No.CFP1599K-USB, pp.729-733 ( 2015).

4) Jinghui Peng, Takanori Togawa, Yutaka Tanaka,
Design of ER Braking Device for Micro-mobile
Robot, Proc. 9th ICFP2017, Session C: Simulation,
pp.167-171 (2017).

5) HkfsefE, HEHE, BA—iR, BRHE—, HREE
WD — 2 AW/ NERET 7 F a2 —2 D
axEh & RME, 2 15 (0] EE) & IREHOHIE ] v
RNYT L GEEGRSCE (2017).

Prototype of micro suction pad





