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Simulation of Electrochemical-Mechanical Behaviors of Conducting-Polymer
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Abstract: Conducting polymer actuators have been investigated as novel electrochemical actuators due
to their unique properties of light weight, high force density, and low operational voltage. Among the
various conducting polymers, polypyrrole is the most promising conducting polymers in many fields of
applications such as artificial muscles or MEM S demanding a high level of miniaturization. In this study,
three-dimensional poroelastic model given by Della Santa et a. [1] is combined with the
one-dimensional equation for ionic transportation. The estimated pressure increment calculated from
poroelastic analysis is used as the apparent externa force for the three-dimensiona finite element
deformation analysis. The electrochemical-poroelastic analysis for the bending behaviors of
polypyrrole-based robotic gripper was also conducted. The numerical results are in good agreement with

experimental results and validity of the proposed model has been demonstrated.
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Fig.1 Schematic diagram of volume expansion/shrinkage
of anion-driven conducting polymers
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Fig.3 Dimensions of robotic gripper model

Table 1 Materid parametersfor ion transport andysis

Coefficient of viscosity 7 =1.18x10" (N-g/m?)

Boltzmann constant k =1.380x10%(N - m/K)

Absolute temperature T = 293(K)

Elemental charge e=16x10"(C)

Dielectric constant g, = 2.8x10' (C*IN-m?)

80

Timeinterval At =5x10"s

Space interval h=5um

Cross section area S, =57.5x10°(m?)

Avogadro number N, =6.02x107(/mol)

Initial charge density ¢, = c(x,0) = 1147(mol/m?®)

Teble2 Materid parametersfor porodadtic andyss

Friction coefficient f =1.29x10%°(Nsm™)

Porosity £=0.108

Elastic constants for PPy Epp, =80MPa,v,p, = 0.42

Elastic constantsfor PVDF | E,,pr = 440MPa, v, =0.412

Elastic constants for C.F
(carbon fiber)

E., =230GPa
ver =03
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Fig.5 (a) Input voltage profile and (b) Cyclic Voltammo-
gram corresponding to input voltage
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Fig.7 Response of PPy bending actuator under a cyclic
voltage (between 1V and — 1V)
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Fig.8 Deformations of robotic gripper
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Fig.11 Parametric study for the 5mm actuator under 1V:
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Table 3 Material parameters for parameter study

Ee(xloCz/Nmz) q(xlO’lle/m) C,(m*Imol)| C,
Casel 5.6 2.36 0.0325 | 28
Case2 11.2 1.18 0.0325 | 28
Case3 2.8 472 0.0325 | 28
Cased 2.8 1.18 0.0325 | 112
Caseb 2.8 1.18 0.01625| 112
Caseb 5.6 1.18 0.01625| 28
Case7 6.0 1.18 0.026 | 28
Case8 5.6 2.36 0.026 | 28
Cased 5.6 472 0.026 | 28
Casel0 8.4 1.18 0.01625| 28
Casell 5.6 1.18 0.01625| 56
Casel?2 5.6 1.18 0.01625| 36
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Fig.12 The predicted reaction forces obtained by using
parameter sets shown in Table 3: (@) casel~6 and (b)
case/~12
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Fig.12 Force analysis of (@) 5mm actuator, (b) 10mm
actuator and (c) robotic gripper
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