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Abstract : This study has introduced how to make conducting shape memory polyurethane(CSMPu) as a possible application to
smart actuators. Different from conventional polyurethane, CSMPu can have a high conductivity and then electric power
supplies enough energy to deform. To prepare conducting polyurethane, carbon nanotubes were incorporated into shape memory
polyurethane. Basic experiments to reveal its characteristics have been conducted for a development of actuators. From the
results conducted in the present study, optimized conditions for the process of actuating deformation were found.
Thermo-electric characteristics such as the relation between temperature and specific resistance and trend curves of resistance
variations according to elongations were measured. These data provided a strong possibility of CSMPu as a smart actuator.
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Fig. 1. Conducting SMPu film.
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Fig. 2. Preset process for actuating deformation.
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Fig. 3. Devices to find the optimum condition of deformation.
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Fig. 6. Experimental device for measuring elongation vs. ele-

ctric resistance relation.
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Fig. 7. Elongated length vs. electric resistance graph.

S42 Y}, o] £ ojalolN LHATL BrjHos
Z7hako] HoP ONT @f-&ol ol 0.5~6 Qm o]
o} zkg eI

o] Fe9l 0T~90C Feolq LHATo] BT
548 Holed, F2lsulere] 252 FHrubbery region)
o] WR T2A B4 WE Aoz wua.
3. A% o) ®MI|HEe AS

ARA 4 719 BeSdwe Agel hE 31497 X
S8} (Qol, E, Fahel ola) WrIMEe] MFTE 2l

2 A7)4% W5l JRWAE Bolrr] 93 12 69
249 Al sk

F9) £EE 25010 YA FANTT 2] 2
ol7}  25mm(L)<Smm(Wp04mm(T,ZH AR BolS
smm Ao 2 2747 APe ZARA: 17 79 A

979

Amld & 4 glo] ArIHRE Aol we} HBA
a2 eked ol ARS golrt Folyel wel =

QF AL AT Q2HH LTAY ) derk

V2
p’V’C(Tt— To) = k?t (2)
kV:i
= 3
R p'VC(T,—T,) ©)

olufl, p'= CSMPug] Wk, V& A&, C= vlg, T= A
ok, To= R7IRE, Ve A, RE AY, = Alglojth
A7 ke A7UAZE devAR HEdEE 582
At 0.58 ARB3lTh &, 30 Vo] AYE 7ekd 12 F
¢k CSMPu A& 25CoA 36TE 71E3l7] Yair 8+
He 4 afAEE W, 730 V, =1 see, 1,25
T, T=31 C, p=1170 kg/m’, C=1.842 kI/kg/K, k=0.5, A&
7= 1Imm>30mmE  thUEke] A} R =580 [Q]S A,
& o83t ZFAT p0.02 [Qm]E L&

2. MMH

HaoT A AN AT TRAGRE FA)
A MR A=A g 719 Zeeige] A o.
5~6 Qmuch 9 Ak w2 APPS s A=A ¥
719 Zeeke FEo) Bed FEI 9% douy)
A =& AFe Hag vk s AR AL
CSMPue 98 57124 875He 718 3@
A HA)E whEekr] Zith waiA, -8 ARy 3
4719 ZEl9e FAEr1E Adslr] YEide AdEs
@3 A7l 988t

Ay 4 719 EL9EEE 55 AE7I= A
AaMe ts3t 28 FA30] sjdsolor & AR Az}
Hit WA, g@Ag Az 34 719 22| Eke Aol
ot 2% FUMIeE FEAL A% € £ HHE vhE
T+ glok gEbA Qg glo] 222 7] AHE 3BT
T e e AT ZEeEE Ade] "asi wd,
A7) Aofel] w2 FAF WkE &nr) =g]y) i g
T Ve A% 54 JlAde] dasith o= nEx 53
9] g8 Fxd A= e, Tl vis) wEAdR gy
Aol digt A =rt B FEE o] dasich

=

% 457 NLE s
& 2 s wHe A

Ao EesRe 548

o
421
o

Y

o Ny

e

s

o ﬁ“

‘Q’ ox Ho

J o

E o — ofk

R oor 2 E

i lo N

[0 o
=
o
Lo
oftt
oL
rE
oftt
o
kt
>
fo
-



980

AE Lotdo] E-714 54L& sk Al
P oHste] A H4E dFeEx WY A
AolE A3 712 ARE FRIYCH
A Ay FA7I9ER gl B A7 FE2 V)
Z @Aloltt. B0 YE ONT 4h8, AAA9] =42 Ul
(necking) As}e] we BAF A A4 Wzl Z(loading)®]
il mE W9l e dyeEae] daaA 53 22 d
= NER AFES 1Ed B2 AP FUge RN
a5 24 AE Frsjol & Aotk olHT AFE F
i A= g3 719 E97 A2 5% AEVE A

AZrET,

oX
i)
it e
24
oot

ofl o 1o

2L

HuEs

e

[1] A. Lendlein and S. Kelly, "Shape-memory polymers",
Angew. Chem. Int. Ed., 41, 2034, 2002.

[2] R. P. Kusy and J. Q. Whitley, "Thermal charac-

blends

bio-medical implantation," Biomedical Engineering and

Dental Research Center, University of North Carolina,

Chapel Hill, NC, 1993.

terization of shape memory polymer for

ul o] &

= = =

$7 3%} 4B A% F B
o

MO - Xs8t - AlAEZE =2X1 H 10 2, ’Hl 11 & 2004, 11

(3]

(4]

(5]

(6]

(7]

C. A Rogers and E. Malafeew,
"Investigation of shape memory polymers and their

C. Liang,
hybrid composites,” Center
Systems and Structures, Virginia Polytechnic Institute
and State University, Journal of Intelligent Material

for Intelligent Material

Systems and Structures, vol. 8, 1997.

Y. Shirai and S. Hayashi, "Development of polymeric
shape memory material," Mitsubishi Technical Bulletin
No. 184, Mitsubishi Heavy Industries, Ltd., Tokyo,
Japan, 1988.

F. Richard P. E. Gordon,
applications of shape memory polyurethanes,” FElsevier
Science Publishing Co. Inc, Mat Tech 8, 1993.

S. Ijima, "Helical microtubules of graphitic carbons",
Nature, 354, 56, 1991.

Y. C. Jung, N. S. Goo, and J. W. Cho, "Electrically

conducting

"The properties and

shape memory polymer composites for
electro active actuator," SP/E [ 1" Annual International
Symposium on Smart Structures and Materials, vol.

5385-30, San Diego, CA USA, 14-18 March 2004.

20023 9~ AU 7)1AF

B5 P FAF,



