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Ionic polymer-metal composites (IPMC) are such as smart materials which under applied
voltage will be deformed and they have a broad application prospect. On the other hand,
increase of surface area of this composite is directly related to bonding between electrode
and polymer, as a result, polymer surface morphology is highly important, therefore, the
effect of micro-blasting on the dynamic response of the composite beam is investigated. In
this research, a membrane from ionic-polymer-metal composites are manufactured. Its
main core is based on an electroactive core named Nafion and the electrodes are made of
metals such as Platinum which is a noble metal. Then a transient voltage applied to the
ionic-polymer-metal composite which was 1 volt and the displacements are measured
experimentally. Finally, by the effect of micro-blasting as a surface treatment technique on
the composite and comparing experimental results, a suitable equation is proposed for the
behavior of this actuator under transient voltage.

Keywords IPMC, Smart Materials, Electromechanics, Experimental

JFFZNS dndeo e olaid  FF 0j93 )€4) g0

oS> lio wlatie
49 Ngdpe JSb s Hles ol JWs Jlesl w90 53 & s giadisn dlge dloz 51 (538 — e yerly slacjsrelS ooyl
&9 Oﬁ‘ a.la.m colus u,u_ll)s| as aiss Oﬂ‘ 4_»4994‘.‘ )ig) L:s)b )’l PSSO leeh)"u.;..f LS%'.‘)‘S )'|.\3|‘a.d§:5 sth ede [BY%Y- ‘e Luys

Vb el 5 genly aha (539098590 Azt 53 s peuly 5 39581 Glie sr Mswy 5uhEx b eaties dhail) ceqjerelS
O3 ‘alajl (G285 'ﬁﬁ)“-‘)ﬂ:“ U_u)wlf).g.: u.i.ml.u.\ awb » o Wi 9)ifg.a ).ub W A ede O A RO )|3)9'>)9

' ool dpex

Ydlpai ¢yl

el oz 318 SO oS iV iz 3139580l g (9u80 iz 1 ey At b (6318 - (g0 peuly wojselS i 5l Lt S

dwlze ()23 Wygods (Jleals pslie g w)f 5h8 edg l).'\ij‘iJs el icwlie gho eilay 5l g g cwl sl asle
x50 b cajosel ol (s ponly dud s wlay il oot sshieds cawlio gladslae @)l dllie ol Gam 33550
olfc\,sﬁ b B D,gl j‘ 3% u.imLu) @»L: 9 ﬁSb L;Lm.xul)s j' o.mTwa:g (_;Lmzla )‘l oslasiwl l.:)iLo.c O:?I )L'I.é))g oM siuw

oMl )b’i ol&azls SailSo wdige !
Ob ol wlisixs 5 esle 3>y
9 ﬁJ.: o&aidls SeilSo uwdige 7
L)I)Q) ‘U‘)"‘ i

ol l)ifjtdg el oslw
Joiune odluusgd #

. o]
G o SilSag iUl catadion slse (3 —is yarly aiorelS neflganls soleimanimehr@srbiau.ac.ir



oblen g oo Ly WY

Gilize yolie 51 980 115 yagiol Glsieds |y 3,08 ¢yt
Al Glie paizen 5 giaaST 3555 (S gazen
oy Blo ol liend Joed tewlosd JuSiS =
17) ol C7HF1305SC2F4

wldee gl & cul 3w 5 sl S Sisodly Sie
Gleicds g3gd 50 oalaiwl odumy g S wiwhd b
oslaswl ol yae Gialidl sly Gip slaylpl Gy ileys
Ko 3 aix oiee oable @l [Blsdie
oSy 4 whd g obanl s Sty Sae
b ghw 63 «lNEDgw ilowg il wglho (63,lee
Dlsyls in b (5315 Gals

51 esliial Jold 4 cunl prh (g5looslol by pxhaas (53,Speal
@ s S eVl b Sbjhs  olewd slge
wWhey ol A Ghumesua) sl ) ol cde guen
L ot xbhw wlaxdie o olaws Glp by, oyieske
MO0l jLs3y3e 535

Gl 5l e 63 -Gsr Grenly slrcasels cile gly
Sid Wle o5 (g pouly &t )] S dagd g 39,580 ui
33 i b o 51 ey 5 39 Il eMholas 5 Lol b el
9 095 gwy yauly (535 » 0 Lzl 38 (g3l Sl (igluS]
4 gy Glol diwa b 510 sas (LS4 Gigr s
Sgiie s iels Sl pezes ilise slaghs,

ssliiulzyge (558llie 53 e yob 4 & (losuiSlsl Jolge
byle b pigsie (S 3ST sie (S 5560 18
cpsinesll siile @lild By ol 09,00 b 0o LuSsise
G exiSLal Jolge plgicds 3 padw 5 oo oS
112156 e as L

@ Ul s ol 0gails @ Ol

2 S

- U wv@ wv&,»a"c ™ &.w'

-

v:ﬂ_w P @ ",‘:'i" wi’.,wv

<

o VLW LNTLLY
sy Sl

S - g youky aiguels slislu (Y JSb

VP yg0 Ve jlad ¥Y )9

doddo -\

Medgr oo S plgieds 38 - Pgapealy slacaienls
L_;Lm)%l,.g ol 53 Gyl Hludl wae wlie (solg> gebg
gl SLlie Iy (38— Hgapenly slacajguols (guiS g xSl
Misiss IS st 5 09> 6olub gy

9 ¥ dlge G —Ge yealy leeojeelS (uizen
UaiS g u—*—'b Wy Jlael eygo 53 &5 Swd Lsﬁ.izgg_él.bs_il
33 Sl S 5 (520 53 &S oKim § Limde gl
SIS 5o el SyisIl (3STg 3358 o 518 g Shee ulide
SalS (sl Slge ol sadise el lagl (Shy ool o
Satosogss 9 GSielow (Sbjy isio sladiue) 53 sasie
sgunin glgieds gl 51 pwsSao I b uizes § Sl culin
L2159 50 oalastuwl 4

9 SISl slaguwly Slgie 38 -(ispenls cajarels S
Wy 9 Sl YK sl e caly a ]y SeilSeg yiSUl
s Sy ‘L_,,.ggil.%;l.a sled 3 a5 85 skl (Jlesl
Y) T coow @ (538 —Gisapeals cojalS Syme gy
Soxs Gl ulpls ede &) (Pl s
M yls 3929 (mloails g 29,5

L

- ’- WV’. a",w"’; = _'w.\-f

-

...".»a oL@ ’_’i’, w;’_w_

63 —Gg2 peulsy ujarels Sy @huilSe 9)Se (V S

S ol 0951 slie Su Jold (538 - (Hgapenly cajsselS
oY slaie b ead (iSgy (38 gleag Sl b Syb gs 5o
[ 550 Gl ol glapgissd g Syxio slags:

Glee @Y o Jlis 4 g lady¥ (ayiigsm 318 (slmag xSl
e S|y

Gjls iz 51wl g sl wewsels ool wilo gl
29 038 S0 g ity ol cpsasVly oz o
Blaisly pglie I9e o o5 b (23Sl

ouile 51 js oS cwl (36 lrod ol Gl Y
s dlite slogss esnl Jold a5 wloss saiSly (g yesl
osreld L ol [ewl Lz g2 PN glasSse

atdydegy il slopadle 5 (5 B0adle lo uilialS (raesd elie degaze dalisgig «pupde lilSe uiige ale dalinls



w ol y1 casyrias 9550 535 1y aallbe
wlakdie g el (i Guiz 39,180 wlasie Ll

49,]9' LsLbo)') wygody )l.ﬁ.o U"I RO aSdie U9.ASL| 9 )A.AJJ
..\JZ’JLA.CI‘”SY&\ Jg»e)‘.b.awbs

Jlade wely>
FIA (aSesio  055LS) I8z
/FAY osmlsy card
o 0%t (Bl Kb Jyo
) St gonv

[ Wy (Sle wlasin (¥ Jsaz

Jda wols>
MEQ. (aSesio  055LS) I8z
< FAD vl cuys
Vyes X\ (JSwly) b Jsse
) St gonv

5]yl (Sl wlasio (V¥ Jgaz

slade wls>
v (=Sayie » 0S501S) ISz
/FAY- osmloy cape
YAD 523,38 oy

olid ¥ Jgaz 55 woad ablo GjeselS b sl (uizen
.l 034 03l

S -ig peaky cajerelS slal (F Joax

4o aley!
v (ogiile) Jsb
e (e9,540) 928L ol
£ (FegsSie) 39Sl ol

b 638 ~Gis perly cojorls cole sy wewnd ol o
EE PV LU BT (53,5 yiiume g ol HS3 sl
355560 418 Gy 390 g 1 LS 3Ly yuibicas Sixe

O G1S gl a9y 3 S —Hsapesly cojarels
ol oud oals u‘-*‘” Silods wygods 0 IS 53

39781

oy
PG /

Sy o 538 - s parly caispels Gz 51 55 Sl (B IS8
48

MME, Proceedings of 2nd Iranian National Conference on Advanced Machining and Machine Tools

s 258 ¥

1 ey 3959 by Sl jl8, (plolids ey Siglaie ool
cjopelS gz Sl et wele Sl amr sl eladl Gaisd
G @ S (G55 Jleel 5 Gloe wogody 318 - Gigasesdy
Gldblee calehys g dwiblyy 5 JSD pass glise 9 LS,
GisselS ud (iiSTly Ghmoter @l > pepieS b cwlie
g 4yl oads 53 baulyd o

Guixd g ¥

Grosly o3le S Cll b (5318 - (g yeuly cojguels el
G sl dlge wcdlel 338e LTl g
cyls ud¥lssS gy sleeg)S 51 45 Lo aible (lapesly
Aloadds JuSid

sl WY 15130 ot el 53 o5 (6 panly Lol & 3y 51
sole 3 48l ey b Sis caodhisiw 5)Sae (g
VUS55 o 0 s el GP105A 3wl b § e
ol 0ddy 03l lid C)T ‘ol.gjl 1Y)

\ _ -l

S Sitlyg o (¥ S

Y 51 gl b codiS sanlie gly > (rals jshiied

ROMIPES VS L6 BRIV PTIN
Zhe 95 4 gty oz 1 39Sl b wlilee plal 51 Gay
09 £ bl 39,80l jo cld 390 SLAL (58l

ol

MIRA3 TESCAN|

SEM HV: 7.0 kV
SEM MAG: 5.00 kx Det: SE 10 pm
View floid: 41.5 ym Date(midiy): 01/09/21

Gy i b (F S

WD: 10.03 mm

RMRC FESEM

Volume 22, Issue 10, October 2022



ob‘SAm L LMJ)) wy

(S 5o -0

5 R Medsn dlse (3 -snyenly lacojsels
lgise ol S Jlael s 5 o5 Mt (g iyl
S olyieds g dgd STy yles g aiS sl (gob oS
Wilgie beaiseels 51 ggd ol (Jlod Syl Syze g9
2 g S sl o8 Jlad Sy o iy et S S
.».»SL».: Ll (e crow 4 cudie w1 osddislo
ey 53 gl IS8 i Glelid ez g3amie glaghy,
5 wdlo b dlie ol )5 o ssde ke Sy Jleel
95w pl ded=i gy ond S5 sl b jseelS
caled 13 9 G sboosls el cxbw (g lwoslel y cuodosiv
5 pwgiaw ggeme gy 4 exie Gbily 51 sxSee U
iz ol BT b i S L) el cez
oslitul 3 Uy wed (3 -(gr sl jsmelS
94 (0

V iy cod y Rledlr el Jols Hxie 4 azgl
0313y o/ W il j3 SuydT wygods (plodils o pidos (edg
ol sl @Sy adsl s 4 iyjaselS 3 o/ VY agli s g
&Sl 2017 odds dwlxo (uuydT o uyidon b Jud=s
wSlay 5l LS):.S°)'Q% b oS sibge aisS oyl )iJLu £330 (xal
b S50 slaasy coslholi slge 51 (p3ged g5l 5 culio
2568y pleise o g Gl cez ys osiladl
ot 0See glbs (y1eS b 1y S 5Ly cod ijseels
Ulsy sly lie 23Sle Wlgie Elge By 45 4S5 S9ai
Bl ot s3lge )3 3gaze ladl g Gl

s cale b oS ol cosly ol Sily sa @l
Cuslio ghuw w&lay 5 (536 - Gisarenly lacajselS uiz
S8y g3 Ll sl Glsie wmdorino 9,500 (s @
3190 53 Gizmad g 3903 aallbie § (o it ) Slee
)| Wslse 51 6 sSy b olsiie edamie Jitume slayialy b
3905 (6 lwdings 4 @l oads

55500 b o aslllhe Wlis (Saigs BN apsls
- 9yl aigelS ez 1 (g8 Sy Gl cwodhisin
s g 53 lie ol Gy Dl 4 IS Wy wed g3
leie Vel |y il 5 G

lio odiungi glgieds g dlaals (A8 o9y ol 4> &5 SluS
0ol GSaum gy0ull Wleads 2,0 Wlie ¢l 45 sue zyhe
3l 3959 (=8l

add slednie 5 @bl 51 piaghy ool eladl gl o gilie
o2l (5;,35 S grivw pmlaio ﬁ&l.d 9 cuwl ol w)f 13w
oeli B akngi bawgi lndinze 4uS g ol oadd oslisl Limgs
el 034

VP yg0 Ve jlad ¥Y )9

c‘a:q 9 e.:L’f.\ 45')' -¥
@l Jae ()28 Ghgy 4 (lrals gl oy 5l s
ool i d9de (gilwesly (Pxie bl

Ly 63 - isasendy cajoels b 5 pleals I Gugpion

ol odds 03l ULNJJ 1 d.iw)) U,u)g;.ols).u U'“"SIS (o

10°
3

Displacement (um)

] 0.005 001 0.015 002 0.025 003
Time (sec

5ty el (g3 —gy yeuly iz 5l o CSaelios by (8 JS

sy oals 1 eslaswl a4y cogi desly wud g zlhxiwl I s

oS

X
OFaS|
wigsee
S 3uSTgie CO
PYVETOSN|
eedS Ca

T O w»v a

24w Na

el U;;gijf
oSlae ol Hldy Gly oad Gy wYsleo solad o 5l
5 weslio buld Jolis qida dlye ugiow gsaze dslee

sl ol
n

y= Zasin (bx +¢)

i=1

Q)

weSine G 3l aitins SOl @l 8l e (3l 51 Ba

awl bli degaza (gl gulgi oad
fx) = )
a; X sin(bx + ¢;) + a, X sin(byx + ¢;) + az X sin(bzx + ¢3)
+a, X sin(byx +¢4) + as X sin(bsx
+c5) + ag X sin(bgx + cg)
+a; X sin(b;x + ¢;) + ag X sin(bgx
+ cg)

atdydegy il slopadle 5 (5 B0adle lo uilialS (raesd elie degaze dalisgig «pupde lilSe uiige ale dalinls



wy ol y1 casyrias 9550 535 1y aallbe

composite cantilever beams for refreshable braille
display application. Sensors and Actuators A: Physical.
2018; 275:137-47.

15- Yu M, Shen H, Dai Z-d. Manufacture and
performance of ionic polymer-metal composites.
Journal of Bionic Engineering. 2007;4(3):143-9.

MME, Proceedings of 2nd Iranian National Conference on Advanced Machining and Machine Tools

&l
1- He C, Gu Y, Zhang ], Ma L, Yan M, Mou ], et al.
Preparation and modification technology analysis of
ionic polymer-metal composites (IPMCs).
International Journal of Molecular Sciences.
2022;23(7):3522.
2- Soleimanimehr H, Nasrollah A. Numerical and
experimental analysis on the properties of ionic-
polymer-metal composites. Iranian Journal of
Manufacturing Engineering. 2021;8(6):21-5.
3- Yang L, Wang H, Zhang X. Recent progress in
preparation process of ionic polymer-metal
composites. Results in Physics. 2021; 29:104800.
4- Ryu ], Park ], Yun S, Kim B, Park J-O, editors.
Design and fabrication of a large-deformed smart
sensorized polymer actuator. 2004 IEEE/RS]
International Conference on Intelligent Robots and
Systems (IROS) (IEEE Cat No 04CH37566); 2004:
IEEE.
5- Karczmarska A, Adamek M, El Houbbadi S,
Kowalczyk P, Laskowska M. Carbon-Supported Noble-
Metal Nanoparticles for Catalytic Applications—A
Review. Crystals. 2022;12(5):584.
6- Esmaeili N, Gray EM, Webb C]. Non-
Fluorinated Polymer Composite Proton Exchange
Membranes for Fuel CellApplications-A Review.
ChemPhysChem. 2019;20(16):2016-53.
7- Wang Y, Sugino T, editors. lonic Polymer
Actuators: Principle, Fabrication and Applications.
Actuators; 2018: United Kingdom: IntechOpen.
8- Gadge M, Lohar G, Chinchanikar S. A review
on micro-blasting as surface treatment technique for
improved cutting tool performance. Materials Today:
Proceedings. 2022.
9- Mundotia R, Kothari D, Kale A, Mhatre U, Date
K, Thorat N, et al. Effect of ion bombardment and
micro-blasting on the wear resistance properties of
hard TiN coatings. Materials Today: Proceedings.
2020; 26:603-12.
10- Spur G, Uhlmann E, Elbing F. Dry-ice blasting
for cleaning: process, optimization and application.
Wear. 1999; 233:402-11.
11- Rodrigue H, Wang W, Bhandari B, Han M-W,
Ahn S-H. SMA-based smart soft composite structure
capable of multiple modes of actuation. Composites
Part B: Engineering. 2015; 82:152-8.
12- Zhang A-Q, Cai L-J, Sui L, Qian D-J, Chen M.
Reducing properties of polymers in the synthesis of
noble metal nanoparticles. Polymer Reviews.
2013;53(2):240-76.
13- Nasrollah A, Soleimanimehr H, Khazeni H.
Nafion-based ionic-polymer-metal composites:
displacement rate analysis by changing electrode

properties. Advanced Journal of Science and
Engineering. 2021;2(1):51-8.
14- Feng G-H, Hou S-Y. Investigation of tactile

bump array actuated with ionic polymer-metal

Volume 22, Issue 10, October 2022



