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State Observer Based Modeling of Voltage Generation Characteristic of
lonic Polymer Metal Composite

Hyung-Ki Lee*, Kiwon Park**", Myungsoo Kim***

ABSTRACT: Ionic Polymer-Metal Composite (IPMC) consisting of soft membrane plated by platinum electrode layers
on both surfaces generates electric energy when subjected to various mechanical stimuli. The paper proposes a circuit
model that describes the physical composition of IPMC to predict the voltage generation characteristic corresponding
to bending motion. The parameter values in the model are identified to minimize the RMS error between the real and
simulated outputs. Following the design of IPMC circuit model, the state observer of the model is designed by using
pole placement technique which improves the model accuracy. State observer design technique is also applied to find
the inverse model which estimates the input bending angles from the output voltage data. The results show that the
inverse model estimates input bending angles fairly well enough for the further applications of IPMC not only as an
energy harvester but also as a bending sensor.
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Fig. 1. Mechanism of electrical energy generation from IPMC, (a)
Equilibrium state, (b) Bending state
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Fig. 2. Image of IPMC sample



State Observer Based Modeling of Voltage Generation Characteristic of lonic Polymer Metal Composite 385

A4 A o WA oF 308 744
oLg 5miy Wi
%9,] 357]_ /ﬂ-ég—].tq/\-] rﬂ_e__c_q rz_cqoﬂ Pt zo] /\HHQ
L 7o Blo|T} 2 9l on, AAT o] ALZo] YD
IIHW}Z] 1~39] A& HbEsict. Pt =& g0 Eyd
1 cmx4 cm®] 7|2 22t Adof A5t Fig. 2= A
ol A5l IPMC A1) ke mojzc).

2.2 AlE XFxl_l 2

5 3
o) izl wlel WAISHE 719k S 24 & A A

p [e] =
2stoich. Fig. 3 A8 479 G4 2% AU ZS
J

Kol Fig 3(b)= A ALY =
IPMC #3]9] ZtE= Fig. 3(a)ol| 4]
e o] o5 3 A of o) sfj A A= Sl IPMC &8 A

Potential
meter

Vou
Stepper motor Lou
Motor rotation
Generated bending motion .
Fixed clamp
IPCLC sample [1727773
Guider Electrode _/
( 14
()
Ro
Ry
Vou © WW =
——0
+ DAQ
measurement

....... Step Input (°)
—— Output (V)

b
5 Time

(c)

Fig. 3. Description of experimental setup: (a) Bending motion
simulator, (b) voltage measurement circuit, (c) Output
voltage characteristic of IPMC
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Fig. 4. Description of circuit model and parameter estimation
procedure: (a) Circuit model, (b) Parameter estimation
procedure
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