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BHOHFWLYH HERMSIRIDEPQRWD QWLIRFD\WHU QD QRMARKP SRV LW
KLJK VKDSH \UWB/R Y H U\

'LDRGRQY :PIQUBQ+DLEBR'HQYLE DR <RQJ 4LQJ )X
DIDWLRHQD/@WERUDWRU\ Rl 6FLHQFH DQG 7HFKQRORJ\ RQ §
6SHFLDO (QYLURQPHQWY +DUELQ ,QVWLWXWH RI 7THFKQR
EHSDUWPHQW Rl $UFKLWHFWXUH DQG &LYLO (QJLQHHULC
7DW &KHH $YHQXH .RRORRQ +RQJ .

ADFXOW\ RI (QJLQHHULQJ DQG (QYLURQPHQW 1RUWKXPE
7\QH 1( 67 8.

&RUUHVSRQGLQPDDBEWRBOXNKEN¥KLW HGX%Q /PQG
GHQYLG ODX#FLWDX HGX KN

$EVWUILDFWRSDUWLFOHYV KDYH EHH BHEKDHIIARBEGRUGN WHRY H Q K
SRO\PHU R®ZHYLH UF RP K PH[F K DQR MR W H UH Q ALID@YO HP HQ W
FR X SPORIEI L QWPH® WRRUG L Q MR RH MRWWL BRURPARDAFXOHV
DQG QD QRISDH \@ RO BX¥ 6 G HAH/QRKGEG \VZNCHYGIBERXSOLQJ
PRGHGHVRWKEKH U P R GHN Q lVILFVO B BSH BDR\Q | HQIHHZAMMH
QDQRSDUHLQARHFHG VISIRTHPBA® RDQRFRP SR VIRXQG
WKDW WKHUPRG\QDPLF UHOD[DWLRQ RI WKH 603 QDQI
FRRSHUDWLYH HHOMWDWJIBHPMREY DQG WRSRORJLFDO
PDFURPROHFXOH FKDHQW H QK DX N HAOKHF W H'O B QMW DRIQ E HK
DKLJK UHFRY RU\6U3 QDR F RO HMIHEWLYHQHVV R
PRGHO LV GHPRQVWUDWHG E\FR®S/ANLYXW WY BMRESQBIG L R
VKDSH PHMKDY DR KLYQGDPHQWD G DMS §WRIBIDIKHQLQ J
PHFKDZRWIRDSHFRYHU\ WSIBRIDOR ERFE RO\DLQRSBUWLFOH
H\ZRUGRO\PDW U L[ FR MFROR OMRGWDD) B RIP SI@RAD Bl O

L OWURGXFWLRQ

6KDSHPRU\ SRO\PHUV 60W HDNHD R P RWHULDOV ZKLFK
SURJUDPPHIGD QURI LVOMPRS RIS G VX EV H TRMHW WHLU U H
SHUP DKM GHU FHUWDL@7 N BKPORPHBRIQLQDWHG IURP
WK HDRDW UL PREFEDOBONIZEHFK HQ D E OWZ WRKII R RED S H
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PHPRU\ HIITHRW BRP SDMERQWR QY HQWKIDREHDPHPR U\ DOOR\V LC
FHUDPLFV 603V K BYH PUHHFGIR X YEDAH\G WEDWALROQWY W HH
GHIRUPDWURQQ ORGHFHOYDBOH DQG WEDHHKDH FEURSHU)
SRWHDRSMHEIADFDWLRIQRAWHQ Q VY WMMNHAEGOHEL R PGIHG Y IBIOHID

VHQVR DV WOMLVEWRRXYHY MHUHODWLYHO\ \OWRENIIVFRRAUD V

- O3DEHFRPWLPLWLQJ |IBR/VDRWIFOPEMWVERMDIDULVRQ ZLW
WKHLU PHWDOGL®7 RRRKOQAUMREWMDWEYPNLR XYV RHQ®YIRUFH
ILOOKDUWH BHHEHG MWRRWEH 603 FRYPBRWBGIFMHH YR RG
PHFKDQLFDO SBI@Q GR WAKMNNFHAMBIDHR® RVOXEHFDUERQ
QDQRILEISD UM DOBQRFODEIDQM[SHULPHQW R R ZHIBEY W& W
WKWHHFRYHU\ \RWUWHIQH WBOEYN EH VLJQRIEEBEWHIBWR WKH
QD-QR]HG WRIWR D QRSDUWRH@&HHR ZHYHU WKH LQWHUIDFLDO
FRYXSBR Q| L QUPHHERER U ¢ HOMDWWERIQQ D Q R S DIUWWKLLFIRNWKA-H U
PDWUL[ KDYH QR GEHHUH¥ )W R&Itnhicromechanicalmodel was
previouslyutilized to study the interphase influences on riiechanical behavior of
SMP QD QRFR P &M \theWervironmealt conditiors were considered in the
modelling process 1020]. Monte Carlo simulation @s also used to study the
percolationbehavio of SMP nanocomposite reinforced by carbon bl&d.

% DVHGNRID L QHQHNIPID HP H GAYE RARIGHMIEGW D QJIJRHPHQW
SROYMHBRO\FHDD@WG WRSRORJLFRO $RGWSEDIDRIFPHODWML FO H
G HW H U P IFRK SVGHRII L QUPAIBR\R U Y HORWNM.RIQVKLQ WKH 603
QDPRPSRVVYWHKRZIQ LTKHER®BE&BW VH Q WIMDEH W R OWKLHQ H
UHOD[DWLRQ DQG MXKIXIHY RAHWRKHHUB03 QDQRFRPSRVL
6X-EH Q W D Q JIOBHW W Q WKW HODMNRMYERIQY ZHHQ DGMDIEGIQW VHJIF
PDFURPROGKBKQ® :-KLOWKWRSRORJLFDO HQQWDKQMKKHPHQW
FRXS®RQILRQ LV JHRPHWLUNRRZLID® QUDRWPH B/ KWHUDFWLRQV R
PDFURPROHPXIDMG FEDD®SD U@ IKKFRR X.J H IEHHFWW HH Q
\K-EH Q W D Q JIDPI®RISIR\OHRQ WHDQQILOMH] S H G W H OF/RR SIOWRVG HY H
LGHWHOQRKH UHFWRYHRQUWKH 603 QD Q RIFHR/PXSRVIWHIH W R P
FRXSORLRQILQHPRRWYHOBWLR@QBKHUP R G \UHPLRRW LR Q



PDFURP RPKHIFE@BQZ KV.IOH 60( L\H® FKLWMKH WKHUPRG\QDPLF
WUDQVLWLRQ DQG UHODARMML@RQ RI PDFURPROHFXOH
,QKWVWXBERXS ®RBIHEDBURSRWRIGHVFULEH WKH WKHUPF
HQWDQJOHPHQWY DQG FRQIUGHPHOWAD GROKRFIRE/E B D UWH F
ZLWKL JK HF R WHALY B VH [W HEGSHRG EERR G B O@Z IV LQLWLD OO\
IRUPXODWHG ERYH® RPHGKHW & WLRE DRPE H@W LHREBW UR S\
>- @7KHWKHRQVWLWXWLY FDRUZIO D WY RMQWIKQBLWALRQ WHPSH
UHF R YMWWWW RW\W GEDQEH O H A'Y WYDHD JIDIH IR BI@AMY WD EW RV K H G
FK D U D F/QHBU § IWHKGHLUFRAR GU B O B [IFQVG. R/ D S HEBIH BR RR WK H
603QDQRFRPBRMLEBGH HIIHFW L YH GHAVZ\O \R B INRGRAM G
YDOLGDWHGWKH H[SHWHIRUMWEBGWH V B 08X U H
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77 L0Q HV VSDUDLIPMABY IS W W H WKIHERORY RMFOD [DWLRQ DQG VK|
UHFREHKDRLRO3 +HUPR O MWAXHUPR G PRIEFHL@W QLWLDO O\
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ZKHWUHLY WHKMHWLQJ SO UVPWWH WODVYV WUDQRUWIIRGDWHPS

DPRUSISROMPHIWGHILQHE PVRSRUWLRQDOLW\N FRQVWDQW

VSHFLILF L\QAWMUISFRQLRBU PDWDQRSDMWMWVFWHKH ODWWLFI



FRRUGLQDWLR® QEXPEMHUIHLHRRQ F H QWRU B RIQ FPRALG

QD QR SD UWMMSHAW DO DUH WKH WROKR ISR O \PQIG
QDQRSDUWLEBWSHFW IDH®\DUH WKH GLDPHWHU RI SRO\

QDQRSCEDVHGO R Q -W R W W IXPH/ @V KHR Y S -F\D QY KQWVH L V
QRWHZRUWK\ WKDW HTXDWLRQ LV QRW VXLWDEOH WR
603 QDQRFRPSRVLWH ZLWK K\EUL@ \QIDKERKWUHD L F DG QR WW |
FDSWWUH VIQHUJLVW ER HKD/OHF HEN-RRB Y | | HN HQGW R
QDORUWLKIOWY ZRUNV KDYH EHBQ SUHVHQWHG LQ

)LJ SORWDQWOMM\FO@WEDRIHG RQ HTXDMKQFEW LRQDRI

ZHLIARQFHQWUDWLRQ, R QO OWKIDBEWUBPHWHUVDXWVHHG LQ F

OLVWHBEO®L[ JURXSV RI H[SH U ISROQRMHQ RERWORRLWH V

> @XDYH EMM@ FRPSDUH WKH BYDUHWHOWGI G HV X
) D WKIHLV JUDGXDOO\ GHFUHDVHG IURP . WR
DQG IURP . VRR) @BO.RFRP S R VL(WH.\CBIRE D

SRO\ODFWAEHIB9$ SRO\YLQ\O DQBREBROBB SRO\WVWN\UHQH
UHVSHFWLYHO\ ZKHUH Z2VK HZ) LWKH. QW B ¥ W B2ZIQIGD)

E WKHLV LQFUHDVHG IURP . WR . ITURP oV

IURP . WR Q DROR FARKPHE RAVAA RN HVLRILFD 388 *13V
SRO\XUHWHKIBYHUDSKHQH QD @RSDODAMAQMIWYFDUERQ

QD QRW XEHVSHFWLYHOMN WWKHYHWSDWHD RRPSDULVRQV RI
DQDO\WLFDO DQG HYXKRIEZK®MEWAD DO WHDXEDPMY D FULWLFD(

UROH WR GHWYHRUWK®DBQWKRP S(WIHEHRQ WKHVH UHVXOW)\

DVVXPH WKDW LI WKA!OLWWHQQDIIREMRHWHOH ZLOO ZRUN
WR SURPRWH WKH UHOD[DWLRQ PRWGRQXONHEQFURPROH

QDQRFRPGRNUMWMHUG DV ILWWKRHWSHEDW DPKH QDQRSDUWLEFC
ZLK®WHD VWURQJ LAQWHKURIMMLRRRR O H AX00H3 HF KWW ® HW
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) &RPSDWRVERYXD O\WH\FD@OWY DQG H[SHULPHQW®O GDWD
IRU WKH WK UHYSHIFRRQWFRQWUDWLRQYRU QDIQRSBQW LW C8H \

SRO\PHU QDQRFRPSRVLWHYV

$V GLVFXVVHGOLQWHRISIR OIRRQFID@HPHQ®Y HMGURSHFLILF

LQWHUDFW SR R IQHIDRSARJWH. FVEKAE ROV U L\E R VBIHEFNAD

UHOD[PRWRRIOEDFURPRBKBXXLWHKH PL[LQJSHQMIORS\

LOQFHMVMKWIHOD[PRWWR AW\ LQWUWEHP DRSS D WKL AOWWK UHH
HOWHRSUHVVAIRD EH O LVDHIK GRXOWLRBL@J IRUP
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ZKHEHY WKH JDV FRQVWDQW
7KHUHWRKBHK D QIFRQILIJXUDWLR' S DOHRRWHD RSRPROHFXOH
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7KH WKHUPRGREHDN EHHQ [XQ & DMURERB/MBIGH
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$GGLWLKEDHOD[DW URKQDW LP HJH O D W& RBMKQ S DAY GV K
FDQ EH H[SUHVVHG E\ WKH2IROORZLQJ HTXDWLRQ
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7KH UHOD /R R@JKEH BER YMUMNAVWHODWMWPHRRQG WHPSHUDW
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)L &R P S D WE\HRAQZW KD D O \WHVFD@W VH [SH U L PPH @RWIDKOH G D W D
UHFRYWWUWHVYV ZLWHKi O B MBNMEHOMWHRP SHUDW XUH RI
%DVHMWRIK HTXDWLRQW QD ®WE FD Q@ HUARNYMIWHNYVRIDV D

IXQFWLRQ RI UHOD[DWLRQ WLPH IRU WKH 3/%$( VLOLFD QD



DQG ZHLJKW FRQFHQWRIBDWDLRMKRIZPLDQEDWK DQ
LQFUHDVEHLQKWKHRQFHQ W UDK\H. RIGI GRD [ B/ WRRFEDWMDIGPXHD O O \
GHFUHDVHBLQRPLR PLQ $W D7WHP DHUDWHOB[DWLRQ
WLPH PLQWWMHFRYWWHVVY LV LQFUHDVHG IURP 03D
03D ZLWK DQ L QRZUH DKMQ E8 QWD WILRP R1 WPRLFD
UHVSHFMWHWHOD QDO\WLFDO UHV KM LIRGNDWE®O ZLWK W
3/$( VLOLFD QDQRKRPSRVULMRHM WKH FRQVWLWXWLYH Ul
VWUHVV DQG UHODERMIOR DHWDPSIUKIBM. FWHG E\ WKH SURSR
7KHUPRG\@BIRDF LRU
OHDQZKNVOWRRDEOM. \D QRVWRSBUWDQW  FIXUDLMHWIKIKY LWHR
WKHUPRG\QDPL® U QRIFR B3R VEUN MWV EQOH VWIKIDVERUNLQJ
PHFKD @LWPKMHMHP R G\ Q D P IYF & MKODAYIL\RWAL BDYWP SRR MG W R

PRGWGBHRQVWLWXWLYRHVWRO DWH RPRUBKICEXNWK UHVSHFW WR \
WUDQWHWBEBRQ ZWIXRKHKDYV WKH IROORZLQJ IRUP
§"8 8§ gr ™ §g ™.
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ZKHUH( DQGDUH PRIHROLWKH SRO\RRU WDWQVLWLRQ JOD
WUDQVLWLRQ DQG IORZ WUPQOQRGWDRE R WK/ SWHRABLHYUHDON X U

WKHWUDQVIAOWOL\NRQWUDQVLWUR Q VILGMESRPFAWIHY G DUDPHWHU YV

PL L DUH WKH :HLEX@O PRGXOL

JRU 603 WKH 60( LV RULTLQRWHKGONURP KWMKOMH QJ

WHPSHUDX\DW HFQ@ QVEKBIQRZULWWHQ DV
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ZKHUHDQ® DUH &K HDWBHLIRKRQFHQW UDDMIRRSD IRWLFOHV
UHVSHFWLYHO\

$FFRUGL@XKHNBSVIDUXOH@WKH VWRUDJH TPRGKIOXV
QDQRFRNBRYLEMHWKHQ REWDLQHG

() E/ET) 18, | 4 EJE(T) 18

ET 1
S0 TETEM fo T EIE( fe

ZKHBEHLWKH PRGRORWRSOIUW Ldx@H b/) IXQFWVRXQVHG WR

FRUWHHWHFW RI QDQRSDUWLFOH RQ WKH PRGXOXV RI QD
7R YHULI\ HT XibarahdkyGcal results aftorage modulas a function of

temperaturefor the 3/$ (M OLGD QR FR P &&v¥ Ibéénplotted and WKHQ

FRP $UL WAKKHR U UHV SHRQ 8 UQ BPUHFOWXIDOS R UQY HOG. WHI@D W X U H

9D OVRHD OVOKH SDUDPHW KD XM EBWHIBXQOD WLRQ DUH SUHVI

L@DEOHg. 4 SORWWH) D O\WH\FODOWYV R VWARKLDKHH RRGXROR.G

DJUHHZH@W WKH H[RO MY shevw Bg. 4a) 4(b) D UR), WKH

VWREBREXOXYLMA@ROUHDVHG IURP 03D 03D WR
DQ LQFUH DAHL JFGWQFKIH W IQD\@ RSO [J W UR®H WR
+RZHYHU LW WXUQV WR EH GHFUHDVHG IURP 03D WR

LQ WKIWWRP WRW . DWKRZ6igs.4(c)DQKd) 7KHVH DQDO\WLFD

DQG H[SHULP HOVEDE BB X\OKWWHVD XQRVEID B @1 A QAL MUKD FW LR G
W KD F U R P R © K B/AAX L FKH V WWKIHFRVO D [ P RAWR®XQH DVRVUR Q J
WSRORJLFDO HTK D QKHIW FEMHE BMRPG W K HZ W H @ XAHAY K W
FRQFHQW QD\WRSQ LRPFAHDRRG WR 2Q WKH RWKHU KEC



WSRORJLFDO HRQVWQDQRBHRHNIWOH DQG RDKEIMRPURMODIVAX® D U
ZLWK D IXUWKHRQRHQWDRD®W RROWRPL FOW R UHVXOWLQJ
UHOD PRIWR@EOFHOHUDHWWEHED O\WLFDO DQG H[®PHWWLPHQWD
IROOREISHUFRODWLRQ UXDO& RIDQRE R &S RAMLWW B H
7D E O Nalues of parameters used in equatidd8) and (14) for the PLAE

nanocompositewith variousweightconcentratioaof M. O.L F D

E(MPY E(MP) E(MP E(GPY TK) a b m = m,

)  &RPSDWRWRMDR UDJ N VPR @®X OX Q AWHREH EBIWIZHHQ WKH
H[SHULP HQ W@QDEIMVOIVA DDV XIVWQ R IRU 3/$( E
IRU 3/$(F IRU 3/$( DQG G IRU 3/$(

&R Q VW LWHOM MY IRRUHVKRLYSH YUY §BWBHWFK UDWLR

% H O R E MRS Kl R

JRU WKH DPRUSKRXV 603V DQG W KVILUBHOLDIQ R BRASR VU RV
WKH JODVV WUWRMUWRREQWMIM(ESWLRQYV RI PDFURPROHF)
XQGHUDRHPDURRE QBEWKHFRYMIMHD $ KLUKFRYHWX VWUH
HQDWOKHH 603 DZUWBBWK@WSEDEX @7/WHUHIRUH PDQ\ SUHYL
VWXGLHVWRFXPVHIRYH W KWRU HPOBYENUP WMQM RI FRPSRVLW



QDQRFRPSRVLWHE @HEKORIE®RHVHQHFHVVDU\ WR SURSRVH
PRGHO WRVHFS@RUNLQJRARHBRBE QIDVPRFRPSRVLWH
JRB03 QDQRFR P SRKIHAFRINS GLIGIFW EHWXHE QY DMKIKWHPHQW
DQG WRSRORJLF D8R G BW MO0 aPBRWMVHKEYWDQJOHPHQW
DQG WRSRORJLF DORHK QQBHI DOMBHPORID MH U H  LQX B B HRIW D O
RIWKHFDFURPRBOKEXNMHZKLFKRI WKHP \DXERQWQ QJOHPHQW

VWDWHV MIFURPROKBXOHMWRORORILFDO \HQDEID IJOHPHQ

H[SUHVVLRQ IRDRG FDQ WREWEBHQHG

6 WUIHYXHGIBYWLF ITUHHREQB QD QRFRPBERVWWHA) DV

ZKHUH L W KJHD DsWétch FatioLQ WKUHH GDQIKBFWLRQV

DU H LK W L D OOBDIQ@RVDER B@B Q R F R PVSIRPVA.GMH
'XULQYKH HOBDNRWPHRWRRHY YV YKORPRPSRPVAMXQGHU D
XQLDWMH@VLOH ORDGLQNB BWR Q/\K\W DYRD XWHKHWHIRUH

ZKHUH LV WKH VWUHWFK UDWLR DOBQG WKH WHQVLOH V)

%\ VXEVWLWXWLQRWRVEKWLHRMDVWLF |UHHUWHMSRQAVH WR

XQLDYMDEDVVMVEHBUHVVHG DV

(18)

‘LWK D IXUWKHU LQFUHDVH LQ WHQVLOH VWUMVV D FH
QHFHVVDU\ WRBEMHVD @ VIDIWRIHFKURPROH#AXOH FKDLQV

(19)



where LV WKHRKDQLFDO i @éinbkdimum stretchratio of elastic
deformatiomand  is the activation energgf VXEHQWDQJOHPHQW
As discussed ifRef. [24], thenumber of V XHQ W D Q J O H slde&pevhined by

both thetemperature and stretch rgtiwhichhas the followingexpression

(20)
ZKHUHLY WREVWDQWL.WKH HTXLY DOWQMWVFBEOWBWLER YV D
IXQFWLRQ ZKHQ

%DVHBHRQ@ WKH FDQ EH ZULWWHQ DV

ZKHUHLV WREVOMD®RW  L¥enumber of V XEQWD QADHPHQW

By substituting equation (2 into (20), a constitutive relationship amonipe

number of VXE QW D Q J(O H)P tdrgp®@rature ) and stretch ratio () can be

described using the following equatjon

,Q FRPELQIMWKXRP®WLRRQG WKH WRWDOHQWPEH®HPHQW

DV IX@QREWHRQHWUD WG H/W UHWBK) REBIWD RQHG

% \VXEVW HWXDWOQRMOG LQWR WKH PHFKDQLFDRD @ QHUJ\
EH REWDLQHG



TKHQWHUQDOFIR@XBWKHUDFHULYHG

(25)

7KH WHQVLO M &WEMADM\QLHYGE
(26)
By substitutingequation (2) into (26), the constitutiverelationship between the

tensile stress () and stretch ratio () below can beobtained

7TDEODOXHV RI SDUDPHWHUVIRUHGLIOQ FOT ODWRFRPSRV LW

6DPSO G

3/%(
3/%(
3/%(
3/%(

)LJ  Analytical and experimental resulf44] of recoverystresswith respect to
stretch ratioof 3/$( QD Q R F R WithRafib W weight concentrations & O.L F D

7R YHULSURKRVHG HPRAXHOL RMXH D QD O\ VRL ADHOF KDY XDV
VWUHVV DV D IXQFWLRG@/R(WOVLFDWE B QURAHRIP B IRREWNDHRGIH G
DQSORWWHG7KE D U D RFKWHHA K6 X D W L R Q0L VIWDebE& 3
([SHULPHQWDO GIDONBDRQB(SRERBRBRWIHSHE@D $HIEHHQ



HPSOR\HG IRU WRP SDIK WR&e ) and stretch ratioof

=1.275 WKH UHFRYHU\ DVQURHRRPIBR BOWE XDOO\ LQFUHDVHG
03D 03D 03D WR 03D ZIZWKJIRRQ EQ RUWHIDWHL R Q F
QDQRSDY WILFOMH WHRKHVH DQDO\WWLFDO UHVXOWYV L
UHFRYHUYV WW UQIMNE DOQNDONANENERSHR @/RJ L F D O EHHQWZBIQIXO HP H
PDFURPROHNRQB ROMNSIIKHNIHTDOM Y WH ¢ HBH BHQ@WHV VHG

ZLWK DQ L Q FUHHDRKRIQLFG @M H D W L R\QL QVIKEDDICRRESRIPLS\R IV I @VHH
$V VKRZDJILDItis found thatWKH VWUHVV LV GUDPDWLFDOO\ L

03D WR D@ADLQFUHDVH UDWHWKIH QXWRIBBORULFDO
HOQOWDQJOHAHWQMQFUHDVHG IURP WR DW D JLYHQ FR

. DQG OHDQZKLO®HD [WKRPHOOS/ WWWDKMVR LQFUHDVH

IURP 03D WR(IIHPWDRI WHPSHUDWXUH IRQWKHRYHU\ VYV
REWDLQHG LON.JVERZQY KWR&H ZKROH WHPSHUDWXUH UDQJH
UHVXOWYV DMK B OU MAKIDYWHINO/X HV D U HZ ILWV@RUGIUHHIGV H L Q

QXPEHWRBIRORJLFDO HWWD QJ @HMHIQWR. WKH UHFRYHU\

VWUHWWUNDRHG 03D WRDQ OQBUHDVH WEHWBWRIH
QXPEHWRRIRORJIJLFDO HQWD@RWHHP\HHAGV IUR P WR

)L $Q D O\ W HANX® W W HARWKMBIHMWYK UHVSHFWBMR WKH

WRSRORJLFDO B\ VD DIQYHHQPBRIWEGIRIRFDORHQWDQJOHPHQW

PRO / DQG PRO D) RYWWHMS/ VWUHB FK UDWLF



J)RVWWHWHPSHUDWXUH
$ER YKHHW

$W WWHPSHUDBRYUH WKH WKHUPRGOIDOPRIF B Q3

QDQRFRP SIRWIHEQ HG O LD HO U\ /) HTXBWLRQ >

ZKHUH LV WKMHPSHUDWXU& D/E8EDW HDFFDWMRHULDO FRQVWEL

+ H U H nuildésiof VXEQWD QJOHFHAMWRSRORILFDO(HQWDQJOHPI

can be expressexs a function ofemperature

(29)

By substituting equatioii29) into 200 WKH WRWDO QXPEHU VNVHQWDQJ

IXQFVRMEBP S HWUDDNXAI MW UHWHKXQUERWIDR D H G

%\VXEVWHWXDW OQRMQG LQWR WKH PHFKDQLFDRD@QHUJ\
ERREWDLQHG XVLQJ WKH IROORZLQJ IRUP

,Q FRPELOBWRWLRA®G WKH UHODWLBBNKYBRUBHWWZ HH Q

DQG VWUHWFKXQUHPEWLHRYVHG DV

7R YHULI\ HT XibarahdkyGical results ot H F Rafreissas a function of



stretch ratiohave beenobtainedand FR P $HUL WWKKH H[S H WHPWK@WD/O R |
73, *273, WUDQYRO\LVRQUHQBSKHQH6RILGBIQRFRPSRVLWH\

UHSRUQVBGWIO@DXWMNUH WKH WHHPRYH DMWBUDIER B SVRH
WKH SDUDPHWHUV XVBIGHLQUHVERE)M$REDWD Fig. 7(a)

WMBQDOWHMOODWNUHM LQ JRRG/ZALWK MAKHQ WRSGIRUE IR HQ W D O
UHFRYWWY LQFUHDVHEB&SDMRRPB3D ZLWK DQ LQAHUHBEKWH LQ W

FRQFHQWOQD®WREBRURMURPH WR DW D FRIDVXWVBIM W F K
UDWLR OHDQZKLOH WKH HIIHFW KBH FRYMEMHID Y WEHHQ R Q

SORWRMHGB) 7KH UHVFRAMNWUILN\IQLIUFRDFRUMWMORAG 03D WR
03D ZLWK D GHFUHDVH LQ WHPS HWXMX UMRIJARPQ WUDWR R Q

RI QDQRSDUWLEQHWKH RWKHHWIIKDP@QGEREHMW FRORILFDO

HOQWDQJOHPHRMHFRYWWMHNOFKRHWWXOGRKBYWKH UHVXOWYV
SORWMgH®B) LQKH UHFRYHU\ VWUHVYV LV JUDGXDOO\ LQFUHI
03D ZLWK DQ LQFUHDMP LQPRO / WR PRO / 7KHVH DQDO\

YHUWIKDWR SRKHRJLFDO HYWCHO®IXPOBN@RH U HWVR/WAH U \
603 QDQRFRPSRVLWHYV

)L D &RPSDEHHWERBRQO\WH¥ROWYV IURP HIX® WLRID
H[SHULPHQWD OREDNWABHWAIH WK UHV SHFW DERYMEUHWFK UL
$QDO\WHNDNQW YV RRMMNH | X QFRW VRIQPSHUDW XUH DQG VWUH!'

JLYHQ QXWBHROWRILFDO RQWDQJOHPHIONG PRO /



/DEOBSDORHNSEDUDPHWHUV XVHIGUMREBHTI RDWRRRPSRVLWHYV

7.

ORGHO®PNRDSHFREHHKDYLRU
%DVHG RQ WKH SKDVH WQONYSKWNVRIQHWREB RWLIRQ IXQFWI

JHQH XV O G\KNDRJ D FMKHHU UHNER DB FDQ EH ZULWWHQ DV

ZKHUHLY WKH VWRUHG VW U D L IQV DMKWAKERINME DBV H
WKH UHVLGXDO MWW RHQD FW LS BRRIGRPDHFQRBROHFXOH FKDL
LV WKHBD[WWRRG® LV WKH REVHUYDWLRQ WLPH
%DVHG R¥GDWKHEV WKHRUWKH DFWLYDWLR@IHQHUJ\
PDFURPROHFKDBHEWWDROQHGRPDLQ VL]H DQG FKHPLFDO

SRWHQWLDO

%\ VXEVWLWXWLQLQWRWWHR®KDVH IBFRE®XW DR/Q

IXQFVRMBPSHUDNXUMRDEBQWQ D YR &GFB\IREFBMD LQH G

7R YHULI\ WKH HTEZXDWRBRQBEGD O \WH\FROWWRUHG VWUDL!
ZLWKRWHKRIH[SHULREQW D Q HEGEMWRBMWM/KXRIDQRFRPSRVLWHYV



> @I9DOXHVSDUDPHWHUV XVHG®DLYH HEFDOV/DEQ@QWNG LQ
UHYHDOWIGA IDRWKH DQDO\WLFDO WHWSEWLNPHQWWDHO B QH MV
WKH VWRUDNGD IXQFWLRQ RI UH QO33B[ D INBIRD@® RVALAPHS R R IUWW K

ZLWK D YDUBLAAMRQRHQWUDWLRQV RI DQG LWK DQ

LQFUHDVH LQ WHPSHWDWXWKHURPRUHG VWUDLQ LV JUDG
XQWLO )XUWKHUPRUH WKH HIIHFW Rl GLDPHWHU UDW
FKDLQ RQ WKH VWRUHG VWUDLQ KDV EHHQNKIGDFWHUL
E:LWK DQ LQFUHDVHIURFGLDPWRVHU WHKRWRAD RD WG
VWUDLQ EHFRRHVHVORDO\WLFD® KDY XWKH WPHDYHDHOU V|
QD QR S DERADMHO XGLR P HW B B WHWXICBW WHOHDVH RI VWRU
VWUWROLED3 QDQRFRPSRVLWH 7KHUHIRUH WKH VL]H HIIHFE)
RI 603 QDQRFRPSRVLWH FDQ EH H[SODLQHG XVLQJ RXU Q

Table 5 Value of parametenrssedin equation (3).

1IDQRFRP

38
38
38
38

)b . (& SRPSDULVRQW EDHOMBHEROWY |IURP HTXDWLRQ

H[SHULPHQWID ORGMDWKIHS/ VWIUIDAL R UHVISH W WWLRQ WLPH

D JLYHQJKRFHQWUDWLRQ Rl QDQRSDUWDRBGH RI E

$QDO\WHNXOWY RI WKALWKRUHBGSMAMWDWKR UHOD[DWLRQ



GLDPHWWHWRU UDWLR DQG
ORGHOOLQJIRI[LMMAKRBMLRU
Shape fixity ratio ( ) is also a critical factor in modelling the shape memory
behavior of SMP nanocompositds.the programmingprogress SMP nanocomposite
is initially heated above the anddeformed undethe external force (). It is then
cooledback tothe temperature () below the , enablingit with amaximum value

of SURJUD®RIbQf] ) while the external forcés removed where it has a

stored strain (). As discussed by Yu et.al§], the shape fixityratio ( ) is

calculated by théollowing expression,

(36)

where is the storage modulus of SMP nanocomposite at the

7KH H[SHULPREWDDQGGWDRPOWEHBYIRERPSRVLWHYV > Q@
HPSOR\HG WR YHULI\ WHKH HTXDWILRQ G DUH XVHG W

GHWHUPBRQHPX¥HYDOXH RI SURJUDPIRMWW LYW UEDLUD PHW H U

SUHVHQ@WHEH®HY VKRZQILD WKH WHPSHUDWXUBHKLIFK NMSW DV

KLIKHU WKKIB Q138 *13%03 QDQRFRP&ZK\HUHHW K H

DQG UHVSHFSQDBOI\WHVXOWY UHYHDO V

WH SURJUDPRDQH VWUDLQ DQG UHVSHFWLYHO\

$V VKRZQJILD WBEDO\WHL\FREBWXDWLR@HQQ DIJUHHPHQW
ZLWWKH[SHULPHQWDB® *ABWDQRFRPSRVLWHY ZLWK UHVS]
FRQFHQWUDSWARGVRDBHLW\ UMWDQORARPSRYIQIHLED QWO\
L Q F UG DRIP W R DZDWNHQ VEKHIKRQFHQWUDWLRQ F
QDQRSDUWLFOH IURKPMWRWRKH LQFDHDNR\QFHQ@WHDWLRQ F
QDQRSDWKH FDRISRORJLFDO HQWDQJOHPHQW EHWZHHQ 38
LV KHO SIXIODWRH VWRUDJH PRG XXX U W R EBRNIBFNEHHVY K



ZHLIJKRQFHQWUDWLWRRP Rl *18QWR WKH VKD SHK HQLW\
GHF UG DRR WR $V GLVFXBMKEHG @QWIXISSDJIRIHIIHFW

QDQRSDUWLFOH UDWKHU WKDQ WKH FRXSOHG FRQILQ
GHWHUPLQLQJ WKH VKD S HR ML IMMIKK DAL FFKRY) DIDQW BRI R Q
Rl QDQRSDMWHIFROMOMEBJIJH HITHFMWDERHGBNEUHVV WKH VK
IL[LW\ UDWLR Rl 603 QDQRFRPSRVLWHYVY ZKHQ WKHUH LV |

Table6. Value of parametenssedin equatiors (27) and (32)

IDQRFRP

38
38
38
38

Figure 9 (a) &RPSDULVR QW KERW A HMIQF R IO HIT XD X\A\R Q V DQG
ZLWKHYSHULPHQWDO GDWD > @ IRU WIKWKSURNEBPWLY R )

KROGLQJ WLPHH DR FHYWQODWLRQ RI QDQRSDUWLFOH RI

DQG E &RPSDULVRQV EHWRHTQDMQRMWA PDIOH UHV

HISHULPHQWDO GDWD > @ IRU MKWHK VIKIDBSHHIW MWW R UD W L

FRQFHQWUDWLRQ RI QDQRSDUWLFOH
5. Conclusions

,Q WKLV VWXG\ ZH SURSRRHN SIPRQXHW PR \ QOFPH FWLJD W
VHOHRAWWDH JOHRRAWW-NXB DQIJDOWRORORILFDO HQWDQJO
RQ WKHUPRPEHHKDWRUSOBD D QRFRP SRR RIQWVAWM. W XWLYH UHODW
DPR QVUKZAH L JKRWQ F H Q W IV IRFS@® WRHLPFSOHHU Bl WRCYRRNDHQ G



VWRUHG L VAR QMWK WLHGGH Q WIR X JWKELQJ VPRIBKBQLVP
QDQRFRPERVIRZHNQG DERYH JODVV WUDQMVRWDRBEQWKBRS
UHFRYHW\ED/QVEM VLJIQLILFDQW QW RISFRSURRIYIF 6 OERI®W E Q JO H
PDFURPROHFXOH FKDLQ RI ZKLFK WKH WKHUPRG\QDPL
GHWHUPLQHGBQBAD QIBHHIPIF@W Rl QDQRSDUWLFOH +RZHYH
FRRSHUDMHLFM XEQWDQJDBHRMNRORILFDO RQWWRHOHPH(
PHFKD GURBSOGRIWIOBY QRFRPEHRO/RIVWKH JODVYV WUDQVLWLR
7KLV LV EMWKHXVWKHUPRG\QDPLFGHW WD MY HRW KLV
SRO\RMBEIRO\PHU D QW G@RQRSHW W L F O BK H QRG-KUIDFRMHIPRHAW R
UHFRYMUWMHD Q EH DV KLIJKHDVODVV WUDQVLWLRQ WHPSHUI
WLPH DQG UHOHDVH UDWEB RSIHWW RUHHEG HEFMUKYHHQHDADD Q J O H
FRX S GMXH V H QWZERQ JDIHIP MM ®E\DWFXUDF\ RI DQDO\WLFD
LVYHULILHGD XVHQLHNSHRULPEQWIFOXGHORYHU\ VWUHVV
W K HRIHPIRK D PLRFEYOD RBKDSH IL[LWKLWWDWHRO\ SURSRVHG PR
H[SHFWSHER WIRGH DQ HWRB G WU I DRIRERURIGHE & D QIO
SURYLGH DQ HIIH RBMHMWIHY WWISHW QD QFRF R /3 RWKKW K
UHF R Y WA
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