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A Review : Underwater Applications of Ionic Polymer —Metal Composites
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Abstract : Specialized propulsors for naval applications have numerous opportunities in terms of research, design and fabrication of
an appropriate propulsor. One of the most important components of any propulsor is the actuator that provides the mode of
locomotion. Ionomeric electro-active polymer may offer an attractive solution for locomotion of small propulsors. A common
ionomeric electro-active polymer, Tonic Polymer-Metal Composites (IPMCs) give large true bending deformations under low driving
voltages, operate in aqueous environments, are capable of transduction and are relatively well understood. IPMC fabrication and
operation are presented to further elucidate the use of the material for a propulsor. Various materials, including IPMCs, are

investigated and a simplified propulsor model is explored.
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1. Typical IPMC placed under an applied AC applied AC
voltage step function input of 3.0 volts at a frequency of 0.25
Hz. (a) no voltage applied, (b) positive polarity, and (c)
negative polarity.
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Fig. 2. A cross-section of an IPMC showing two electrodes (top and
bottom)with porous expanded graphite and dense platinum.
This IPMC is manufactured by the solution-casting and
further treatment with porous graphite and chemical
reduction of platinum as effective compliant electrodes (from
Kim and Shahinpoor,[15]).

X&gd  o]24  E-AHionomeric perfluorinated  polymer
backborm)®] F53 A&l ogitt thE TR HE2 MY
dubdol oSDypontAte] Nafion™ EE AR Asahirbel
Flemion®] $1t}h. Nafion®] 74-%- ¥ A protons), H™ 7} th& <&
o] 2Acation) 57 wFE 7] wiFol o]AL o2 w3 ozt
aba),

kel H o] 2E0] B4o|2E57 n3tEHIH F4o|E
235 Y Alreducing agents)oll &J3] FLH 1, FHo)2

2 74" 2E dASEe] WA ol AF F2E
_ a;ﬂ 5]1;]. :L,/.:/\—}‘,] = E?i*ol: ‘<_>_ X«]C‘./HO 71-01:4
siehE A w) dekst WsE & ¢ vk a9 2014
Zo] AukAQ) [pMCTHES] &n)A AL
7t 4 9 wpgo® FEEFAE
sEF 5‘11‘3}.
2. &=z #e|

I 13 22w gl AU AW AT 3 ek
w24 FEEEE 3he A& £ F Jdvh olAL 18 A
EAbe FaQke)] ANkl Boj(URtde R Eyo 58S &
Atebd & = UTHZH 3).

71A 38 AKbase polymer):= ionomerZ 54 7 SK(specific
charge) ©]E0°| o|F38l7] A3 EHs| ARt P33
Aotk IPMC7t &mi(guHd oz Bydl o) k3] AU
o, 2 F2E 232 Ung7)9] 7F/AR FE2E BT
[46]-[50], [52][55]. ZAE ©]28] IFEL F2H JYo
A Bull(solvent)ZAHE o2} B A|(matrix)Stol] EsHH o=
A golEn A3AEshe iR AAEEY] Ed
A "k A7)e] B FHEt A7 W), A=) g W
o wE w3 %o LA v 17 49A =43 g
o] Ao, thE Ao g A3 odHE 7:'&‘3] o
ojdr} drkq o g olid TS AEHITY 4

o
=
o

ﬁ—h

o]
r

i
oo
r%’ﬂ B
K

T

T

4

N

-]
g

M - X=5t -

ANAESE =2X K103, W11 &

2004. 11

(b) ()

Hvdrated Cation

I3 3.(@) M AUHA] IPMCe] T8 (b)) HMS ¢lv)
A @S w IPMC 9 (o) A AAA
IPMC ¥4,

Fig. 3. (a) Bending of IPMC with an applied voltage, (b) IPMC
section with no applied voltage, and (c) IPMC section with
an applied voltage.
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Fig. 4. Relaxation phenomena exhibited by IPMCs under an applied
DC voltage for an extended period of time.
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Dynamic Sensing Charactaristics of an IPMC
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Fig. 5. IPMC used in sensing mode. Data obtained by applying
small bending moment (three times) to IPMC in cabtilevered
configuration that produced a voltage across the membrane
as shown (from Shahinpoor and Kim [39]).
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Fig. 6. (fop)An SEM micrograph of a typical IPMC (surface);
(bottom)A TEM micrograph of typical IPMC that has been
electroded with Platinum particles. The top left region of
micrograph indicates the surface of the TPMC(particle
density is greater)([from Kim and Shahinpoor, 2003 [15]]).
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Fig. 7. Four-point probe surface resistivity measurement of samples
with various penetration depths (from Kim and Shahinpoor,
2003[151).
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line represents the previously published data from Onishi et
al., 2000{35].
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Fig. 11. Properties for various actuator materials with potential for
biomimetic propulsor applications [18, 23, 24, 28, 43].
Values shown are maximum values, not necessarily used
when designing actuators.
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