ll—: Py .
—

o
ol

(=3
L]

RSV SSEE 2006 FA s

-—  KSNVEOBA-05-02

53 £2990] b5 s PMC TE7] A4
Fabrication of MDOF IPMC Actuators to Generate Undulatory Motion
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ABSTRACT

The ionic-polymer-metal-composite actuators have the best merit for bio-mimetic locomotion because of their large
bending performance. Especially, they have the advantage for mimicking a fish-like motion because IPMCs are useful to be
actuated in water. So we have developed IPMC actuators with multiple electrodes for realization of biomimetic motion.
Generally, the IPMC actuator has been fabricated in electroless plating technique, while it needs very long fabrication time and
shows poor repeatability in the actuation performance owing to the variables in chemical fabrication process. Therefore, the
novel fabrication methods were investigated by combining electroless plating and electroplating techniques capable of
patterning precisely. On the whole, two different methods were compared and analyzed with similar thickness level of Platinum
electrodes. Present results show that mixing chemical reduction and electroplating can be a promising candidate for electrode

patterning.
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Flguxe 1 Stmcture of the IPMC (a) Chemical structure,
(b) Cross-sectional structure: (@), Surface Electrode
(® Polymer-Metal Composite (€ Membrane).
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Figure 2. A schematic illustration of an actuation principle.
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Figure 3. A pattern of multiple electrodes of IPMC actuator (2)
Pattern design of multiple electrodes and
(b) Partial schematic of improved pattern design.
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Table 1. Basic characteristics of masking film tapes.
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Figure 4. IPMC patterning by masking tape and electroless
chemical reduction: (a) Bonded tapes to Nafion, (b) Infiltration
and rough edges, (c) Patterning by previous masking tape and
(d) Patterning by improved masking tape.

B
N
2l
<, o

PRSI

Wy

A B9 39, 24
FrH oz Adgsialnt. INS
200mlel 2mMe AAHID @3 20mMY &
F7HeE F, 5g FIRFAIV)IE B9 =5
st A A7V, AriEFEE 0.1A2
B AFE 71ste] 30 &4 7 3 w
. o A3, A Azte]l 3 42 £9%31, I1¥
JAE

= 4 ol o
[o%
o
— Xe
A
=
pll]
° fo
8
>
ol

l
)
o® 1

2

LJ?O

38 1S tlo o > gl rlo Ht oox

e
>

5(a)oljr] RTpAT @5 HF
gy, 9F 2o S H2dA 20 m7bA] A
Fatdar, vlA AEso] i Edd oew, A
Ned BHAAM HEHO
IPMC7} B stx g¢skoh Foro, 29 6(c—
d)elld B ¢ 9l%ol Zt T v FEHelA F

>
ol
2

vistgich A4 2= A A7 @x70 mmE
AMZ o gl 7 WEol, ¥ 3 3 o] AF UL E
2 I Eaci 3 =8

Table 2. Operating conditiroless plated Nafion membranes.
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Figure 5. Patterned IPMC by combining electroless plating
and electroplating with masking tapes:
(a) Specimen by Method 2, (b) SEM cross-section of IPMC
sample by Method 2, (¢) Picture of uneven plating surface and
(d) Optical microscope picture of plating line disconnected.

Table 3. Current density conditon of electroplating.
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Figure 6. Comparison of bending performance according to
current density at driving voltage : 1.5*sin(27 *0.2 *1).
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Figure 7. Surface resistance of specimens according to -
current density.
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Figure 8. The integrated expenmemal setup tor
measurement of transverse displacement and total movement
shape of patterned IPMC.
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Figure 9. Comparison of tip transverse displacement
between Method 1 and Method 2
at driving voltage: 1.5 *sin(2z*0.5*1).

e 22 BHUR 9 &
0.24i-~- B Y . o

B0 -

EAR

Transverse displacements (¢m)

0.2 t T

x-direction (cm)
Figure 10. Displacement shapes of two different
phases under harmonic excitation : 3*sin(27*2*1).



6. & &

ol Ao, FHH EEd WNET WHE
AZAZ A2 AEd s Adskdoh wd
¥ oRA el HAZ T=F Fo] ¥AE F s
2 AFHIE B2 AFstn, 474 39 4% Hx
E, #d A7) A, 29 g4 5 AHEUT
0.33A/dm*9] AF ‘ﬂa‘ioﬂﬂ Azt Aol FHojd
AE5g B =3 AR dEHY e T8
0s A38S 77%5— IPMC F%&717t 358 &34
ol FEE & USS AR A i
FE 2571 dsve] $d A4 2o w9
e FoEA HS gaFed 238 Sl vt
Ttk oW ATENE Y FZES 293

By oS3 g .
(1 ¥ 1L 7p s e 7PHeE,
71E2) sEd Wy wo o AAE kel st
SH9E, 7Y 45 =7 259 223 o
23 Hee] NS B3l 74 2 A=A
(2) W 294, A3 2149 AV=F ¥y

o} HggozM IPMC 7572 A5 A

dAdo] BT, AR A2 A E4F

ok vlE W 1 o Hls) 53 dEel EoRA

mlo

o 9Ed ZAS FHIE do= 2AV 9
R, EF U 2 229 NN E TH A4
T T3 AR F AT

= 7|
2 d7e @EdEAe 5471 AT(RO1-
2005-000-10848-0(2005))A| 4 0.2 S HAUS
2

(1) Oguro, K., Asaka, K. and Takenaka, H., 1993,
"Actuator Element”, US Patent Specification 5,268,082,

(2) g AFL, o]FE, 297, 2005, "IPMC
o 4 54, FF2LVETNY FAEUY £F
A, pp.356~359.

(3) Salehpoor, K., Shahinpoor, M. and Razani, A., 199§,
"Role of Jon Transport in Actuation of IPMC Artificial
Muscles”, SPIE Smart Structures and Materials, Vol. 3330,
pp-S0-58.

(4) Sfakiotakis, M., Lane, D.M. and Davies, J.B.C., 1997,
"Review of Fish Swimming Modes for Aquatic Locomotion",
IEEE Journal of Oceanic Engineering, Vol. 24, Issue 2, pp.237-
252.

(5) Tadokoro, S., Murakami, T., Fuji, S., Kanno, R., Hattori,

M., Takamori, T. and Oguro,
Drive Element Using an ICPF Actuator”,
Systems, pp. 60-68.

(6) Guilly, M. L., Uchida, M. and Taya, M., 2002, "Nafion

K., 1997, "An EHiptic Friction
IEEE Control

Based Smart Membrane as an Actuator Array", SPIE Smart
Structures and Materials, Vol. 4695, pp.78-84.

(7) Nakano, M., Mazzone, A., Piffaretti, F., Gassert, R.,
Nakao, M. and Bleuler, H., 2005, "IPMC actuator array as 3-d
haptic display”, SPIE Smart Structures anid Materials, Vol. 5759,
pp-331-339.

(8) Jeong, K. M., 2001, "Research on Artificial Muscle-like
Actuator Using IPMC", Master Thesis, Sung Kyun Kwan
University.

(9) Sewa, S., Onishi, K., Asaka, K., Fujiwara, N. and Oguro,
K., 1998, "Polymer actuator driven by ion current at low
voltage, applied to catheter system", TEEE The Eleventh
Annual International Workshop on Micro Electro Mechanical
Systems, pp.148-153.

(10) Nakabo, Y., Mukai, T. and K. Asaka, 2005, "Kinematic
Modeling and Visual Sensing of Multi-DOF Robot Manipulator
with Patterned Artificial Muscle”, IEEE International
Conference on Robotics and Automation, pp.4315-4320.

(11) Oh, 1. K. and Jeon, J.H. and Lee, Y. G. 2006, "Multiple
electrode patterning of ionic polymer metal composite
actuators”, SPIE Smart Structures and Materials, Vol. 6168,
Pp-286-293.

(12) Technical Sheet., 1995, 3M UHMW Polyethylene
Tape 5423, Foundation Web site:http://www.3m.com/intl/kr/
img/single/pdi/5423.pdf

(13) Lee, MK. and Hwang, Y.G, 2004, "A study on the
Preparation of the Platinized Expended-Titanium Electrode”,
Applied Chemistry, Vol. 8, No. 2, pp.498-501.

(14) Morrissey, R. J., 2001, "Piatinum plating”, Metal
Finishing, Vol. 99, Supplement 1, pp.291.



