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ARTICLE INFORMATION ABSTRACT

Original Research Paper lonic polymer metal composite (IPMC) actuator is a group of electro-active polymers (EAPs) which
Received 29 November 2015 bend in response to a relatively low electrical voltage because of the motion of cations in the polymer
Accepted 25 December 2015 network. IPMC has a wide range of applications in robotics, biomedical devices and artificial muscles.

Available Online 16 January 2016 The modeling of the IPMC actuator is a multi-physics task as it involves the electricity, chemistry,

dynamics and control fields. Due to its complexity and nonlinearity, IPMC modeling is difficult in

ﬁemgg?;}ner metal composite(IPMC) terms of mathematics and its pehavior is still not fully agreed upon by res_earch_e!rs. '!'his paper prese_nts a
Electro-active polymer (EAP) novel discrete-time model with state-dependent parameters (SDP) for identification of the nonlinear
Identification response of an IPMC actuator. A single-input single-output nonlinear identification algorithm is
State-dependent parameter(SDP) formulated and demonstrated for an IPMC actuator that exhibits both soft and hard nonlinearities. The

nonlinear characteristics of the identified system are represented with coefficients which are a function
of the input and output states. Following the SDP algorithm, the model is identified from input—output
data to represent the model parameters as functions of past inputs and outputs. The proposed modeling
approach is validated using an existing model and shows exact representation of the non-linear behavior
of the IPMC actuator.
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2- State Dependent Parameters (SDP)
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Table 1 Young’s criterion for choosing an appropriate model
for system identification

R den num 1) YIC
1 3 3 2 -9.786
2 3 3 1 -6.515
3 3 2 2 -14.149
4 3 1 1 -14.126
5 3 2 1 -7.273
6 3 3 3 -9.656
7 3 1 2 -11.875
8 3 2 3 -11.689
9 2 3 2 -5.510
10 2 3 3 -6.989
11 2 3 1 -1.353
12 2 2 2 -7.524
13 2 2 3 -2.745
14 2 1 3 -11.782
15 3 1 3 -8.761
16 2 2 1 -8.348
17 3 3 4 -8.646
18 2 1 2 -10.706
19 2 3 4 -5.536
20 2 2 4 -8.020
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Fig. 4 Identification of the system response by SDP method
based on the white noise input signal

Sebos g3 JUKw (6955 Cund (80 B9 A it Gy 2Ll 4 S

2.390¢ o ‘ ‘ ‘ ]
* Estimation of Parameter * SE Bounds
S 2.388) poizaz s
2.386 '
0.4
2.072F e + Estimation of Parameter + SE Bounds -
N o omne o L0800 AN
S -2.073f I R
'2074— L L ! I v ’vv |
-0.4 -0.2 0.0 0.2 0.1
0.626 ‘ l ‘ l
* Estimation of Parameter * SE Bounds
S 0.624¢ JUVON cuwmw e
0'622 L L L L L

-0.4 -0.2 0.0 0.2 0.4
Displacment (mm)

Fig. 5 Variations of the output coefficients according to the
input white noise signal

b g5 JUKew (68555 olol g3kt @b (29,5 cal o Sl pess O YK

1- Standard Error Bounds ( SE = ¥(N) + 28(N))

304


https://dorl.net/dor/20.1001.1.10275940.1395.16.1.32.5
https://mme.modares.ac.ir/article-15-10095-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

[ DOR: 20.1001.1.10275940.1395.16.1.32.5 ]

Obled 9 Suwgs Sle Sl pasio d dlly SLa pielil YB) &1 H92 Sreh S HS LB 9aelS Yuin S pSlac HUid) (Salwliv
© St l | ‘ — input Signal |
r_? — O o ) —‘Input Signal
o > o
> < S <
_5 I | [ I 6 2/ O T
0 20 40 60 80 100 =, |
% 1 -—- Moeinkhah Model [i?] """ Propbsed Model | 0 20 40 60 80 e
E — r
E o O"""l’ Y I‘ y""ﬁs’w%j Md;‘"‘ a s““‘i'f' !,Jta il“""l o 1.0F ---Moelnkhah Model [17] """ Proposed ModeH
2= '\' 3 "‘ t' £  05f V" #,v, i,‘;q X
2= at F 0_0 1. ,1 1 PoEl 1 F"
0 20 40 60 80 100 3 E o5P ‘\‘N £ *:e hw 5M
0.4 Q 0 80 100
0.25, s, : : : :
=~ s H 3 < =3 - by
2 E 0.0*;“MHN'MMW"W‘W—%QM$N{M?W?N 0.2,. Pttt rtorotorortoirttototq
L -0.2r ! — — o~ ;
- o 0.0F ‘s\‘-\\\\‘-\\\\‘-\\\\‘-\\\\‘-\—
0.4 , , , , SE DUl W Y WoW W W oW W oW W W W
0 20 40 60 80 100 w e -0.2¢
Time (Sec) 0.4 , , , ,
0 20 40 60 80 100

Fig. 10 Identification the system response by the SDP method
respect to a Random input signal

JESew (69555 4 Coms (260 Loy & pee ol bl 10 gl
G’eaLa.';

S8, ool g, 5 eolatul b el Casds gl Ly 4 olwlid
B sp 990 S8 e slazg, 5 5399 5 (2B Sjpar Sles
2l Cond Slas S5l oleiing Joo b)) cuz Ll o088
o Sl 2o @l (S35 18 sy n 9590 olgSds Jlesl sla JuSn
0003 Gy |y ySloe L8, o5 CBo L golpiin Jow a5 gy Cudly
See (L3 olulls cyo ool &l by, lcuie alex 5l ool
22,5 0,L8l 25 8 50 4 Gl 0 (S S reek 3B (S j9alS
Slelid Cax e iy S0 el ey &5 Ll ) (1
S50 Slos oy L8 4 azgi b g conl (a8 slaptunn
S0 (S |y Sles 18, ]SS 4 Gl 95 @ Gl
Sial38 b coass @l o oSl e Sledlbl (gjluesgpSs Jds 4 (2
s Gl ol sl e oMl
el slp ol sy alaly 5 soleiin b, ) ool L (3
| ol ) ass o b s o), 4 14 alaf, Slee sl
)5 dlne Jloel JUSos j2 2l 5o
ol olsls JiSs o 4 e Shas 5, o3 s L (4
@by @8 S8 cux plojes S5 Glaptns 5l g5 oo

g0i ooliiul Slos slyzl
e S ygd -5

nxn il o sile A

4o Sl 18 slapiuns 10 @ 50 (63955 il D
00l (o i e sl e(k)

pxp slal b glos il lp

Las):.ol)Li Slows N

(b o) sl il P
ool pae s yile P’
T 2 L"‘Q)S °“"‘"5J)""5 ):;'“‘)ltf. Qnwr
5 st glas il SE

s ($2ly (529> y(k)

305

Time (Sec)
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respect to a Square input signal
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