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Thesis Title Effect of Electrical Properties of Synthetic Rubber in Actuator

Application
Name - Surname Mr. Nopanan Boonchu
Program Materials Engineering
Thesis Advisor Miss Sumonman Niamlang, Ph.D.
Academic Year 2014
ABSTRACT

In this research 7 kinds of synthetic rubbers were used, as actuator materials such as
styrene acrylic rubber (SAR), acrylic rubber (AR), styrene butadiene rubber (SBR), butadiene
rubber (BR), nitrile rubber (NBR), styrene-isoprene-styrene rubber (SIS), and styrene-butadiene-
styrene rubber (SBS).

The bending response was studied by dipping elastomer in silicone oil between copper
electrode under electric field strength of 0 - 1,000 V/mm When external electric field was applied
the elastomer was bended toward cathode electrode and degree of bending increase with increasing
electric field strength. The dielectrophoresis force (F,) increases with increasing electric field
strength. The dipole moments were generated and interacted with cathode electrode thus elastomer
was bended toward cathode electrode. Higher electric field strength, stronger dipole moments were
generated higher degree of bending was observed. The electromechanical response of elastomer was
studied. When external electric field was applied, the storage modulus (G’) of all elastomer
increases due to the electrostatic bonding between generated dipole moments thus higher shear force
was required to deform elastomer.

When external electric field is applied, the G' of elastomers increase and F 4 of elastomers
are generated. Thus these synthesis elastomers can be used in actuator applications under

controlling electric field strength.

Keywords: mechanical properties, electrical properties, synthetic rubber, eletroresponsive

properties
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3 1A 2.21 Material Polarization and Surface Charge Densities [11]
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2.1.9 Parallel Plat Rheometer [14]
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=)

Tasauogaaazan (Storage modulus) HATUYAAGYITY (Loss modulus) VOI81IN
o 4 A I 1 o A 1 aAA
dunsizignuaas 13 lua1sed 4.3 Taedlumsuaasnmegdafainyiinaudae 0.1, 1 uag
4 44, o Y 2 oy 4 4
100 rad/s WUINNANUDGUUANBAAATETY (Storage modulus)  UUFIVUAIYLLDIIINT
~ a ] Y o I~ ?,’, o Y v
ANudgINganssuvee luausaneudues lanuauauE v hldnuegdadzan

(Storage modulus) HUGININNANNDE [25]
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SIS 14%
SIS 17%
SIS 22%
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NBR

AR

SAR

Ceéomp>4q40eO

H U 1 @ o J
sl 4.5 AmadaveINEgdTaLaN(Storage modulus) YOIWNFUATIZH

A = ' ! va A A =2 ' ' o
ofsaumeunanandularIng gﬂ‘ﬂ 4.5 BAAINATNAANUDINDQANASTY

(Storage modulus) 3VNGVNANNA0.1, 1 1Az 100 rad/s IAsNUNAINANIVDINBGT D

A Yy 9 9 AY 1
ﬁ$ﬁllall'ﬂ\ﬁg‘ﬂ‘ﬂfJ']QV]ﬂJﬂ']iﬂigﬂuﬂ'Jﬂﬁu'liJnlww”I"l]']ﬂﬂ']ﬂu@ﬂ 1500 V/mm!,mziz‘uu*n“lummi

nizquAreaun liihainnieuen (Storage modulus response AG' = G- G’,) tolins

9 Y 2 g 1 1 o
ﬂigﬂu%"lﬂﬁu1ullww1ﬂ18uﬂﬂ Iﬂﬂﬂ']il‘Wllﬂl‘L!“U@\‘iﬂTWa@ﬂﬂﬂl@ﬂuﬂf}aﬁﬁgﬁﬂ (Storage

' Y
modulus) AOMIINUYY
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Mef 4.3 AwegdadzaNYeIeNdUATIZH TUFINIWD 0.1, 1 1Az 100 rad/s tazaIMsaoUaueIn1allih AG (Pa)

oo A14D 0.1 rad/s AN 1 rad/s A14D 100 rad/s
AIVEYN
G’y (P2) G’ (Pa) AG (Pa) | G’,,,(Pa) | G’ (Pa) AG (Pa) G’ 4y (P2) G’ (Pa) AG (Pa)
SAR
507,690 868,680 360,990 1,246,000 | 169,130 1.076.870 1,115,500 5,518,200 5,636,800
AR 875,800 951,700
1,126,300 809,010 317290 1,903,200 | 1,027,400 3,160,500 2,208,800
SBR 261,949 277,743 -15,793 526,171 466,362 59,809 908,812 814,147 94,665
NBR 432,020 400,470 31,550 737,837 664,273 73,563 1,494,005 1,374,892 119,113
SBS 3,089,435 4,020,107 -930,671 3,962,892 | 4,818,914 -856,022 4,883,450 5,923,310 -103,9860
SIS14% 527,429 571,134 -43,705 705,768 695,991 9,777 913,413 929,010 -15,596
SIS17% 941,863 922,500 19,363 101,8714 | 1,027,380 -8,665 1,203,588 1,239,379 -35,791
SIS22% 545,916 535,310 10,606 537,611 576,260 -3,648 623,850 609,488 14,361
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aumvlihnelu 3-10 Ju1d uee19 SAR, AR, SBR, NBR, SBS, BR higunsondugh
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ma19i 4.4 na1lumsnaugzlduninmsdeseniinsnizduareaun luihonneusn

Sample T, (s)
300 V/mm | 500 V/mm | 700 V/mm 1000
V/mm
SAR - 3 X -
AR vl > ¥ -
SBR N 5 - -
NBR - - - -
SBS S ¥ 2 -
SIS14% 10 10 10 10
SIS17% 10 10 10 10
SIS22% 3 3 3 3

A = 9 Y| 1 a [ 4 1 A
E‘W@ﬂﬂiel”IWﬁ"lli’Nﬂ’JWﬂJLﬁUﬂJﬁu"IﬁJ]l‘V\I‘V\IW]i’)i’Nﬁ"Iﬂﬁ‘]JSBN’EJGU’ENfJ"Nmei”I%‘ViW‘]J’NUJE’]

] ' Y v
muanuduau lfhesmmstasomunniuawanalugiin 4.7-4.14
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4.5 wamsmomsslaoanInslwisBa (Dielectrophoresis force, F)
1 v
ORI (Dielectrophoresis force, FD) FUNUYNIANITADUTUDINITUAIDUAL
[ [ [ 9 A o 9| Y L) o
'Jﬂﬂ’]uﬂﬂaﬁﬁgﬁﬂﬂ'lﬂﬁlﬁﬂ'ﬁlﬁufJ'J'Ll’]‘ﬂ’]ﬂﬁu’]iJllV‘IV‘hlLa'Ju’]Wﬂﬂ151’]ﬂﬁ'ﬁ]ﬂu1ﬂ’]u3mllﬁ\1

(Dielectrophoresis force, F) Feaumsn (2.17-2.19)

Fdi3 _

V(y=0,x=0)= 3E] d (2.17)

) :mgsin9+Fd

(2.18)
d(3El)
Fd =<
|3 (2.19)
A A A 9
139 V 19 528ENNUOINITUAIOFAN Y

E Ao mdweqad UA MY 2G (1+v)

A 1 [ A
G Ao AwegamaDu (M = 1 rad/s

1 a a A Lé s 1 1 3
I Ao M luwuveduliFe aalia =— +t°w
12

t flo MANUNUIVOWNTUATIZH

A 1 9 [ s
w 9 AIANUAINYBIBTUATIZH

' (% 4
1 ﬁ@ AANINUYNYNTAIUATIEN

o 1 Ao <
muamwmmmm"lﬁ”lummm 4.5
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A o adg a . .
M9 4.5 mudmnssladanIng IWisSa(Dielectrophoresis force, F,)

E F
Sample o d(m) I’(m) 1= /12" mgsin ‘ » F, (N)
(V/mm) N)x10
SAR t=2 B} .
300 2836 | 2.04x10 0.006 | 3.35x10 2.14 1.07 2.14
mm

w=5mm 500 2836 | 2.03x10° | 0.006 3.35x10 2.15 1.01 2.15
1=60 mm 700 28.67 | 202x10% | 0.006 3.35x10 " 2.16 0.97 2.16
m =046 g 1000 28.89 | 202x10% | 0.006 3.35x10 2.17 0.97 2.17
AR t=2mm 300 20.2 2.54x10° | 0.006 | 335x107 | 148 1.03 1.48
w=5mm 500 20.6 2.43x107 | 0.006 3.35x10 1.51 0.98 1.51
1=60mm 700 268 | 226x10° | 0.006 3.35x10 " 1.52 0.92 1.52
m (g) =0.44g | 1000 23.9 2.16x10” |  0.006 3.35x10 1.74 0.88 1.74
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H o ad a . . 1
MIN 4.5 ﬂ1u3mll’iﬂﬂﬂlaﬂ1ﬂiIWLicﬁﬁ(Dlelectmphorems force, F))A0

E \ I= F,
Sample 0 d(m) I'(m) . mgsine » F, (N)
(V/mm) (1/12)+t N)x10
SBR t=3 mm 300 13.33 2.68x10° 0.006 1.12x 10" 1.01 1.25 1.01
w = Smm 500 22.63 2.58x10” 0.006 1.12x10™" 1.86 1.2 1.86
1= 60 mm 700 21.05 2.3x10° 0.006 1.12x10" 2 1.1 2
m(g)=0.51g 1000 2317 211 x107 0.006 L12x10" 2.01 0.98 2.01
BR t=2 mm 300 17.8 2.14x10” 0.006 335x107"° 1.55 0.16 1.55
w =5 mm 500 18.26 2.06 x10” 0.006 335x107"° 1.59 0.16 1.59
160 mm 700 16.96 2.00 x10” 0.006 335x107"° 1.48 0.15 1.48
m (g) =0.52¢g 1000 20.05 2.00 x102 0.006 335x 10" 1.74 0.15 1.74
NBR t = 3mm 300 21.5 2.65x10" 0.006 1.12x10™" 1.97 1.84 1.97
W = Smm 500 20.3 2.20x10" 0.006 1.12x 10" 1.86 1.53 1.86
1= 60 mm 700 19.8 2.18 x10” 0.006 1.12x10" 1.82 1.52 1.82
m (g) = 0.55¢ 1000 21.8 2.15 x10-2 0.006 1.12x10™" 2 1.49 2
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H o ad a . . 1
MIN 4.5 ﬂ1u3mll’iﬂﬂ6mﬂ1ﬂiIWLﬁ%ﬁ(Dlelectmphoresm force, F))A0

E 1= F
Sample 6 d(m) I'(m) . mgsin ‘ » F, (N)
(V/mm) (1/12)+t (N)x10

SBS t=3 mm 300 10.26 1.71x10° | 0.006 | 1.12x10" | 0.97 1.15 0.97
w=5mm 500 113 1.75x10° | 0.006 | 1.12x10" 1.07 1.18 1.07
1 = 60mm 700 12.4 1.95x10° | 0.006 | 1.12x10" 1.17 1.32 1.17
m (g) = 0.56g 1000 12.95 236x102 | 0.006 | 1.12x10" 1.22 1.59 1.22
SIS 14 %t=3mm | 300 20.78 | 2.70x10-2 | 0.006 | 1.12x10" | 1.87 2.59 1.87
w=5mm 500 21.8 | 2.54x10-2 | 0.006 | L12x10" | 1.96 243 1.96
1 = 60mm 700 2278 | 221x10-2 | 0006 |1.12x10" | 2.04 2.12 2.04
m (g) = 0.54¢ 1000 22.78 | 225x10° | 0006 |1.12x10" | 2.04 2.16 2.04
SIS 17%t=3mm | 300 1457 | 2.81x10° | 0.006 | 1.12x10" 1.38 4.36 1.38
w=5mm 500 1722 | 2.65x10° | 0.006 | 1.12x10" 1.62 4.11 1.62
1= 60mm 700 20.8 2.32x10° | 0006 | 1.12x10" 1.94 3.59 1.94
m (g) = 0.56g 1000 2287 | 236x10° | 0006 |1.12x10" | 2.3 3.66 2.13
SIS22%t=3mm | 300 213 201x102 | 0006 | 112x10" | 2.02 2.62 2.02
w=5mm 500 21.8 | 2.15x10-2 | 0006 |1.12x10" | 2.07 2.47 2.07
1= 60mm 700 2207 | 242x10-2 | 0.006 |112x10" | 2.09 2.17 2.09
m (g) = 0.57g 1000 21.8 | 2.46x10-2 | 0006 |1.12x10" | 2.07 221 2.07
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Abstract

The eftect of clectric ficld strength on electromechanical response of
synthetic rubber (SAR and Acrylic latex) was investigated in this
research work. The bending response was studied by dipping synthetic
rubber (0.5x6x0.2 mm).in silicone oile between copper electrode under
300, 500, 700 and 1,000 V/mm. The degree of bending increase with
increasing clectric field strength due u; the clectrostatic force between
polarization of molecule and elecwode. When the electric field strength
increase, Thus this synthesis rubber is new class of material which can
be used as robotic arm and energy harvest. field strength due to the
dipole-dipole interaction between polarized particle and cathode

electrode.

Keywords: SAR, Acrylic latex, bending response, electrostatic force
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