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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, by applying a new programming mode, thermomechanical behavior of activated
Received 26 May 2015 composite with shape memory alloy fiber is extracted subjected to cyclic off axis loading using a
Accepted 11 August 2015 3D analytical micromechanical model. Object-orientation and its applied principles are

Available Online 30 August 2015 . . . . .
g implemented on the micromechanical model and response of the composite is determined by

Newton-Raphson nonlinear numerical solution method at different thermal interval. In order to

Keywords:

Shape memory alloy fiber reinforced achieve an optimal response, a factor such as convergence coefficient in the Newton - Raphson
composite nonlinear solution method is employed. Representative volume element of the composite consists
Micromechanics of two-phases including shape memory alloy fiber and metal matrix. behavior of the metallic

Object oriented programming

. matrix is considered as viscoplastic while shape memory alloys is assumed nonlinear inelastic
Shape memory properties

based on Lagoudas model which is able to model phase transformation and super elastic behavior
of the shape memory alloys.Moreover, arrangement of fibers within the matrix is considered
randomly. Thermo mechanical responses of composite at different temperature ranges are
investigated to display the shape memory effect and super elasticity properties of shape memory
fiber. In this regard, at the first, the composite system is exposed to cyclic mechanical loading and
unloading and then exposed to thermal loading. Shape memory effect, property of shape memory
wire and composite are compared and the effects of forces within the active composite induced
via axially constraining the composite are investigated. Furthermore, the effect of fiber
orientation is illustrated. Comparison between the present research results and previous
available researches shows good agreement.

Please cite this article using: Sawlod oaliw! Jd ©yle 5 Wl ol & glayl gl

S. Moghbeli, M. J. Mahmoodi, An efficient micromechanics based algorithm to predict the response of metal matrix composites activated with shape memory alloy fiber,
Modares Mechanical Engineering, Vol. 15, No. 10, pp. 67-77, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

539eXxo dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Sae dsby SHLS f.‘@_),le )

Se¥lne slaiS LB s cul Byl g 51 s SIS S0kl
s e b ol aais S 4l el Joabisle LT v 5 saioloy)
oY s 5 ks (035l 65 Al (g bl S sl )
oas Ly [B] LulosSY 5 wagr Joro olol 2 45 soimans Ja [9] o) Se
L1, loalibls 5T GL! alauly 45 oot Jlad o jonslS Zeasly 5 @511 1 o5,
23,5 gy yloalasls LT BL el sla il

iV py g 5135 (2385 1500 <olB b Jasa [10] 55b 5 951
sl s iols @) 55 slo i, b olyen SVl gl loalibls LT
S ilward G LB b jloalidl LT (Soalyogeyi )L, (g5luands sl
U] o @) G)5en 5 g bawg dipniallpgn 5 (IS Salibl> 3]
5 ol oygmaniz g ISk sl gaman oo Hyeiin g s
S5t 9 Syl 6B Al (38,5 Sl slace B b (ool 2
S [13] Ken 5 Slow Si6 a0 [12]lws,s @) i)k
Aol 53,5 s b Jloalibls 5T b8, ol ly ccsdmdas
Cod Coiile 6xSiaz 5 Sayile 5 RGE 5 ool G ogzge
233,5 Ahl (calid o8 g odzmn e b (51050

ba,ld; siledae Cuz cmlio (Seleg Sie g, S 5l ool
[14] asyioo st (5902 5 p3Y laujals o loaladls LT ooy
Sellegey Eol puin xSl S slaoe
g oy el oals &l loalasl> lasldl L osadicg gl glacy jeuelS
Sl (Selfag S g, [15] lSen o uilglies 5 [14] o Sen
sloalasl LTSI L Setdl aie) slaca joelS Jolae (olgs dmloxe
) ot lp gl is S @l Job (lSy 5l 5,138,k cos
059, 3 eolatul b sogl a3 S solitwl [16] oo Joo 5l Jloakisl> LT
Soygot 95k g g8 SIS i8S by (SillegSee (lebod
|y sloalblo SLIT BLIIL oadicy o ate o jgralS (S grasly usbiioniz
Sloabasl> LT L3, o5l Jow sl b ol 4o [17] ols 13 ey D90
sl 0ol Pl [19] S g alwgas a5 [18] J1,565 5 1515 Jow |
Sy obiossz oo slie 5 s, [7] g0l 5 OIS 05" eolici
b s roek [s38 aiey (eSS slocy jomalS’ (SeilSage s geuly (oo
Slyp olal o 5 &l Sl a8l cou lealasl> LI LI
el (50400 .055,5 solatl ulogSY by, 5l jlealkadl> 5T LS, (g5le Joe
1y sloaladl SLIT BLII L oaiicash (g S5 oy jouals (Silsag S
s Jedos ln [20] ols 3 )y 000 Syn Sl S i ow
5,5 ool [21] Jow 5l lsabasl> 5LIT amnial g HLd, o i
aleinl 5l 80 SVl G55 g (Seilfese s AiSpan SIS
Jloalitl ST GLIN L ssiiio g slace jomalS ,o oalail> 5LIT 5 g3l3
ly aallla ool )0 [22] 28,5 18 (s 0550 s0ml 5 8 Aleass <
Jokeo (SilSlog oo 29 5 [23] 50501 Jae 51 jloabidlo 5LIT (55le Jose
By Sl s Wik 8,8 5 solid 5,50 YL 235 b atilprass
slocajeels Jolod sl 95k m9See (ouldesin o ot
Sy S Julod o5 il jlsalidle LT wily ST L ondbiy o
Sl (Som ey Bl g plate gje8 b S 65,08 ol ]
cnl 3 jleabasl> SLIT[24] s plnil ose g (dow loslns sline 2

9 g S8 18wy 050 lgw Gaman Jow leoletul b tegh

4- High Fidelity Generalized Method of Cells

10 o lests 15 09> 1394 s (oRIde Sl Swade

dodo -1
o3lall 398 (Sujd 5 (SHe olst Jods 4 o a4 (5318 a5 e 0l
Sk 5 Gileg s> mbo ln 0250 5 clie olse lsiea
dioy S o lge Lagy] lee o [1] wig oo 10 Kos qmaige sloo )15
(el Seagd olpem @ Lol oy (g, 5 Ol S8 JdS @ (osriees]
aloz 5l el (5B ane; Slacejeels sbedised e IS
5 Vb Canglin 5 Vb ¥l Jsoo 4 lgis o] drgi B Oliogas
Ao 0 oS Coadi .5 5 o 1,8 oolatul 050 b Cond 4 Al
Soge a by andl wly SLIT Ojse a4 g gy wSlg o 3B
s oal ) 5ol 45 g 438, 155 3 035 5 aliyS B 5 Ay el
5o [1] el AI203 4 SIC asbe lecSsl jur sl o 5l Lo oS
6 lag]l ol edisl il 5l eolinul 5 Jleel slaol,
[2] o500 o155 (silottagy s o5 Cuslay joalS

00ij Slogzge b, eaisS el a5yl alauly 4 loaliils clasL]
SE s Gl dbulyay B8, al Wigdoe oael diedsa itus
50 Oile 4 0pd e Oyge Lo o8l sl eolaill b Salldl
IR L Gl oo 09 SGadl S sl JlealaSl> ST &S g9
lo 5 it [3] wls S5k 095 eyl US54 1, 5T 5 55 ol Les
o 4 (g loakasl> osuy [4] sl 20,010 Xy o ool D939 4

ol sled B 5 ool YU slos B m Sob (3 dals Al
coi o a Mi g Ms oles dasein gz b loabkabl> 5UT el coyis )l
ST glabes o 5 3 A 5 As 5 iy le il oL 5 T slalos
BBl ogio0 (3yme sl i (L

oz 57 letS 5d ool 5 Canl,ge  Lanl, S o lsalil> il
Slis 0g5 5l dilie Ll s oS el Jfoalitls LT Koo (slacasls
slsldl o JluisS 599 5 (g bakbl> conls g0 yo slins w0 o
led 5B o 3585 o delx dlloeiwl o a4 g el S i (loalasls
9 1y 093 IS b ol ol 5T a3 )l by sles 51 5 cial (oYL
A1 85 ot b 2 (ol Lo9) 555 5 (W L) il o 5
& loakisl> > 4o 098 oo edmline anlygs jloalabl> slasIT o Sis
S oS Sl Los 2l ST 3 S s sloml 3] o 45
Sl SLIT S8 55 6 Ginle o o] 5 03,5 olyer |, oelogz sy
[6] oS oo

5550 5 9,5t =950 e, Se atwd s b loabidle (slasLIT (5 3lu Joe
@ 55k sbaJoe walily glodoe Gl ;0 0,5 o0 JLE (puyp 9590
i oo p)l5 5o Gllxe slaghy) b )55l 5 (Sl o
oy sy e ol WS 5 oolital 3,50 5 edg cawlic
slapite 6 iu g Cuile B dbul » (oSl )L St
ol 5l aS e oolitl (Sl )bl Glg8 5l Vgene (0350
S S ks i 53 g fsailor (Lol ol il 55,0 &5
Wy o Jloabible Ll ulply ©09d SIS adgh carge Wilgioe s oo
b Sl 6Pl oledl s &S WS e Gl Ses plgieay
o [8] losSY g s 7] 05t oo (SlSe (535 @ e
&S B e leea Coile peme S X8 Ao b g (gaman

1- One- way shape memory alloy
2- Two- way shape memory alloy
3- Super elastic

68


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

53900 dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Se dsby SHLS f.‘@_),le )

| sie STocal Y jsmee gz o Lr gl Jsb b s X 9900 <z o Le
LS pb L Jolo jo by Caz 0] 5 X oz y0 onjleds it
P biLy cez psabX cax o bdshs I Sop Job g 050

Sy parin 1 LZ Co>

S 2970 (5,105 )b i S o 00lo HLid, -1-2
b mlg csnules Glll Joho jo 2l plaals sladdlie a5 058 0
o> oLl poojly Jloyg slo s a5 0gd 0 28 uitred (e
5 [28] oS o ol ] 3l chp i 45 md CujemelS sanles
slois g sl 10 (0)7) 5,50 sla i dolas 3l ooliiwl b . wSe p
dsloms (1) byl oaled Lol pe 50 Jleel (S, 1= 2.y, 2) 550

T

Z o b; = S,L,

j=1
c

za;fai =S,L,
i=1
T c
ZZb-(a-a”):s L. L
j\4iVz zhr b
(1)

=1i=1
50 2 50 S iie gshe 1 (505ee sla i Jolbss 5l 53 (2) b,
[30] e comsay jglne Jobo
o = (i>1)
{cf)i,l = a;;j (G=>1) (2)
7 Eagals (oo lall onijle (sl e S JLail (28 L
S slashe B st ggeme plp Cuar Supe esle el G
[31] cesgi 1, (3) abasl; Bl oo o el g ot o s,

Cc c

( , .
Yl = agl =1& (> 1)

i=1 i=1

< r r
Z bjg;] = Z bjS;J = LT‘C'Ty (l > 1)
j=1 i=1

& =g,(i>1j>1) (3)

‘sadﬁé)‘df)l{k.w N,J)AGQLO)UJ:)—Z—Z
lg sanles Gl o Lhp glagys i a5 Sedioe B S (nl o
G5 S By o Jlel b aSinl 68 L [3332] wen

7
| X
Z
A B,
L,
\ &Ji . i
aj ai de
< > E(SMA) AN
L (AD) 4w

S36 g0 (B LS e oole sanles ez ladl 1 Sl

69

Sl LAl Gy &5 ilagRen Gl 2 o8, b ohlSen
T GG Glacyjpuals Jdos slp 1) 09 odds oy jloalidl>
S35 50,5 oolitiasl LSl i, 5l Julos ol gl g 0l,) loabiil>
S| 5 5 155 00 b wgamme olall g, 5l eolitel b o San 5 STyl
Goceisals (ol (sl 5 @B leae) o okl 5L
Jow o)l o L S36w [25] wis,s PSR OR PR WIWNPY-H
b Oedle (02540 oo g (LB (el by, pstee SilSeg S
b oabiio sl cuSsl (sreely i Bro Cojpals olss (i Gl
[26] wisls )13 solisl 8,50 Sl g pScgz b loalasl> oligS (slpuns

ool axly Jolo SGilleg S Joo « SilSag Seo sl oo yleo 4o
Cebizre axgi 3,50 Vb SIS uimen g Solu g 8o Lo 4 ea
Jow jleolatul b dlae cpl jo ol ol el ool a8 3 13 g0l Lo
iny Capoels SlSagai fuly conosly aoly ol Sl o
sl oalible ST .05 o ) loabisls 5T GLII b snbiias o5l
s5Y gamans Jae 5l T iledae Gl o cl oy 68,
S g0 ool

SOt Sz (SHlegSee aly Ll sl S dlie cal o
@l loabidl> LT SUIL easJad (38 ane; slacyemels Gl

. . 1 = & . . . & * 0 &
61.@&4)*5 o g ‘;&5’“ Gwyd.o\.s).: Ry o9 )‘ oolaiul l.: "59"*’(5"
‘sw.’yd.ob).: °9""“" U”‘ ‘_J..a‘ 6L®§fﬁ )‘ oolazl 9 Od=xie ‘sw.aﬁ.ad.cl)).a

) . 4 . 3 .2, .

Jo slsly jo 068 oo eolatul T sy juim 5T (65l e il wiile
Lol S sabisls LT oS e g gmpopd bl yine S¥oles
9y 3l eolial by 0gd e a3 5 Sa0 53wy Jobo (Bg) (6 e DV olae
5o lealasl> LT ot e cVolas (00 guls gl Sgs (go0e >
aly Joke SGilSeg See o9, NS (o0 5B oadesl waly Joho Joe
Scejgals adpd 5 oz by, nl Gledse 4 0B
A Cojemels sasles o> oledlicnl jloalasl> )L.” SLI L oubcy gl
ot JelS JLail 5,8 e S s 53 e Sk TX X1
ST Sy (638 ane) @ azgi b CujppelS oz plall ol (gl
Cgz Alie cpl o caldil)l 10,68l 0gd o w8 )T Ll o Jloaladl
Sloalible slasll  oadiosls wmly Joho SilSag S (B3, g5luooly
S L oudiosli Cujonels (Slleg S Ful (owjp Sz & ol
oz S 5 oo Sl e w3 15 eolil 050 loabiil> 5LT

> A B3 & . . M 5 A
Gk S agly Sl ogdioe oy Cojenls Eul TS LU
ol SYoles faml aelsl )0 04d o oy o jemelS (SilSeg o
5 Sl g e )l DYoo 5wy Jsho by, Seilleg Se b
Loy @l (o 50 Ol (emgitebn iluosly 5 > oi6Sl
S 0 518 (s 2590

G0 g yCuo  doxd  fono -2
direy 950 S BT 1595 b 1y o jenels sailes cozm ladl 1 S
Sl g 6518 arey Jol 5 90 5l oanled goz> pladliams oo (las (533
o oledl 1S jo [27] codl sns as 3 i jleakil> 5L
do Jsb b9 Z jome <oz 0 1 als Jsb b Jsho TX X1 (gl ls oatyles

1- Object Oriented Programming
2- Inheritance

3- Encapsulation

4- Polymorphism

5- Fiber Volume Fraction

10 o less 15 09> 1394 s (o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

539eXxo dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Sae dsby SHLS f.‘@_),le )

(12) alasly & g0t A by @b g cosl o3 e commo S €
D9 58 B y25

3H
ZEJmn ,€>O
An =V\H
\g7omn ¢ =0 12)
:rb.:)‘é (13) ))QAS

g = (E) el el
3/ mnrmn (13)
4 o5 Sl 551 il o She 55 g phe (25 g (Bl
Al 25,5 oot H = !0 5 0 oLy (13) Ly, j3 sy
pdins poé 5 (28)) itons 1 Allowial bshas [7] coul (5 9o (535
Ngd oo iy (14) alal) & g0 (o8 1)

A
45 = 405 "Il;lcjmn

Al = A HC'/“:m

M = mof +U";§lgn

s = s+ mndimn (19

Caile § Cotiwl bl g JaSis wod g4 Mof g Mos Aof Aos a5

5 Sarle S5k calpe CA 5 CM 5 (s ooy Sl Lyl coi o8

alal) Oygo Coiiile o S Ep sl cdlo dolre el o]
Do Ok (15)

é _ Rmne,,g + ST (15)
g ge yyai (16) abal; 504 B5 S 5 Rmn ulo
R,, = 9%
mna mnl;l aUkl
@ @
S ar 9o Crnnk1 Qi
g = do do
PRSI MPY:
00mn
pmn aé—
M_ In(0.01)
MS — Mf
In(0.01)
4= AS — AS (16)

b ol i ) & ebilen 5 cal oaliéls LT _ziw Crnk
abal) &jgod @ 56 Al LU 0gh o 48,5 L0 g9 n! O

[7] 250 00 s a5 (17)
E>0,M <T <M’

In(1-5)
¢ = O-mnAmn + HCM(MOS -T- a—M)
§<0,A5<T<A

In($)
¢ = —0mndmn — HCA(AOS —-T- aA (17)

P 9w g T il - guwg SU8 5 (S5l Joe -4
abal, & )jgo [35] (saman Saudly Sy - Sl 6L Yol

10 o lests 15 09> 1394 s (ORI Sl Swade

ailie o Joho s 5 iy 0500 Sl o Jsho S5l 4 Jlos
il dolg> 9> g Jagore il

Tyy)Y
O'ij =1Tyz
{y} 4)

T.X' Z

[26] Sgib ol (S p 15,5 Sbml cow Oyl ax g R ies
b g J3s op sl (s g Jel Lop slo s wle Jols sl

23l 51,35 (5) alal; wb
T
(N b = 1,7
i Txz rlxz
=1

c
{ ij _
z Ty, = LCTyZ

i=1
1), =Ty (%)
g (6) alaly b olgse 1) Jobo s U3 o oS 5550

[34.33]
&) = £y (i>1)
{e;lz =l (j>1) (6)
wgly S Egeme plp oanled Ll S lagly Gl i
oals Llis (7) dolses Ooygods &S Sl S o] 0 s, SO sl b
[26] 595 o0

Cc

( .
z aigalclz = chxz
i=1
c
{ Zb-s” =L, &,
zza bieg, = L.L, &y, @

] 1i=
sle 1y *"9 ok (b9, Olgiee Y Ly, ool b colys o o5
5,5 il |y sl 435 )15 Jlay g by )55, o 45 (gloolo
[34]

Jloadl SWT L8y (83w o -3
ooy a3y [4] SloeSY Jow 5l ssliul b loakasl> 5LIT (6 sl &Yoles
webier oo (8) alaly &jgoaif Jsho sp (saman dolas oo
Emn = &qn + &+, mn =123 8)
5L (9) aby ©y50n S (9 Gillas Emn SmVI S ¢
g g0 Lol yo Oy 23
Emn = SmnkiOki ©)
G5 Ep el Sl Sl e 5t S by Gl o
Sy e 4y (10) alal, & g0 € 5>
gih =T (10)
5 ae) L8, el 5y, blasl ol s e sle @mn dlolas ol 5o
J9oz 53 55 3590 Sy g Wigh oo a8 S )13 50 8,5 Hlures &0 SLI
Do o &) 1
Sl 398 o0 Jow oloeSY e 5l oslal b BN SVl s,
ol (11) alaf; @yp0a 1 Joboo 50 oole Sas¥lpné (155 &5 olge o
[4] 25 00
go=4A ¢ (11)

70


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

53900 dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Se dsby SHLS f.‘@_),le )

2 Sy ey Ser¥le 5 SeaYlse 5 g Sl L8, (il o
5 Seilge 5 g Sl L, GIS) 88 oo 3 Sl 3590 NS S
g Sl gla S wlie g Cools Js 4 ST cpl (Sl
U SlsFlhd @ azgi by ol oads iyyad SLII g aiey SeiYlse
258 oo 5B ol 50k 8590 SVl 158 (Bl g e

Pl 65 O o ane) SGdlsSins LS, ile e
ST O 51 oW ol onSen SR e Sipe SeidlsSs
IR e Js ar Js ol pogad o siie Slls g 00g Iiome loalasl>
5 S8, GO 5l lacgemme ) (SlegSoe SYolae j5 (288
o] StV g SasYlgo

Sl ap o el (S Sl AT gam NS e
Joho (Silog S gy Sl siadign Cujonels (SeilSieg S
oolites] | SilSogSne genly Slac lsicas S cpl 45 sl oy
o9y Jleslatul b asly Jokow (hg, g OVolae (WS 0l 50 068 0
S ygots 1l [T] wio S o iipe Ggdly (s bt so0e >
Ve G g Wsdion 485 Hlai)s jao lade b ply g s oY¥olas
D9dee JuSi el (rngSTy i le Sl oS

5o oel 3gzg &y sla S S 5 SilSeg S gly S5 (sl
S J ST Sl o O9dly T g Uhg 5 eoliitul b oSl g d
dobo L o o lisle c¥olie sl oIS ol San 5 il
5 ol oals ool skl B L aS col onls ad 3 L o SUilSes S
ol sl s Lol s g ams s, 31 eolitieol b oniiSsgamme ol e
o oo a8 ka0 2X107 Wlie ol o lotie

Cojgell Seilleg Sl Jo o0 2 Ken obml sl o
5,0 107 alies o gl Sloj o8 o loalisls 5LIT GLII L oniscysis
@ Oty Sl g S g (orw (gl esliinl b lade (ol ogd e i8S
sl 455,55 ooliial 3,90 Cgllas st

odk £45-6

S e jlealadls LT aals SLITL (638 e b o jonalS asdllan ol o
ad,s s o Bl g aney Gl S pofanl o3 0ebe a8 S
ol o Lol Jae 8 g loakasl> LI OLN Colsd den g Sgu oo
30 pomugll S8 g Canl Joas 3l sadaiSle a5 jloakadl> 5L plgs
[7] el ossoilr 1 Jgor

o g @b -7
iz o Akl LT GLIN L oady sl CujenelS (SilSege s L8,
5 Sbabdl> Sl ool ol Cye glas x> oIS cou I
90 4 oodasl)] bl .l sadosls ylias lsadadl> LT atwccii¥ g

[7] Jloabssl 5LIT LI 5 portnsll i olys- 1 Jgur

A ES pguinnog]] JJsabisl> 5L
E (GPa) 69 21/5
v 0/33 033
a(106/°C) 23/1 8/8

Mof=5 °C,M0s=23 °C, A0s=29 °C, A0f=51 °C,
H=0/0423, CA =4/5 MPa/°C, CM=11/3 MPa/*C
n=31 MPa, m=135MPa, Z1=52/s, Zo0=10000D0=10

/1

(‘ggln) qu)‘)’ u**-’; Crs (grenn) _i_._,_,,,,.}!l u*"’)j s °9"""L§° uL‘-’ (9)
5 ol (1) Jgaz 5l 5L o550 calgd g amube (1110) Loy, o500

S5b s ok (18) abal, & g0ty s3le Sl ué 25,5 55

g =ry (18)
sy Sygoa I bz &b 5 Bl s Zmp alaly (nl 0 oS
<l (19)
D, n+1 Z?
I =—exp(— )" 19
TR (19)

> pxie Z el 81yl 25 pg0 il jp = ZpnZin/2 o5
W8 s (5l iy & Ay el Gy Wl oS ol
wrs i | il lym 4 Cad oole adise Sl g ogd
05 g ol (20) alaly & jp0t Z g gl (S s
Z=m(Z, — Z)W,/Z, (20)

(20) Vol o W = O 5 <ol Stdly IS &5 W, o5
Sl e oogaze yo 1y oole L8, Do g N M Z1 Zo sl el )b
[7] wloass jazine 1 Jgaz j0 a5 aiiS o atuine

Jo w990-5
Sy 5 Sl faly ol o 595l Sl Selaga s IS iy
Slell digad G (6,108 ,1 j92e 5l )5 (6,108, o cnl S8
Oioles 2 s 50 45 04 0 Oylg Cewl X jemme L O asgly slyls BLI S
)‘ oolawl b L51'7"° 9 ‘515 6Lm)9m O 90990 .E.g‘j) ol 0l ool
Do oo 41,5 lai o [36.34]

S o 0ole plet dnwle sliwl, jo al ol cpl 5l i a5 4568 Jlen
ol slan b o g el i 693 i ) Stacdn
I 2 oSl e dolae > [37] spbie eoliul Cojgmls
Loy, cboged B 5y g 1, o5 omgital il oslicial L [4] lsalasls
Sl S 5l colaiwl § i (goasin cwngideliy sl WIS (Jglaie
O3S oo JB oy p Oy80 cZewl oal coly lis 3 s Sby> loges
T (b5 5 mpone (Leilis oVolee J> sliwl, 5o [38]
L oS cpl o a5 0gd oo JoSis loakasl> 5LIT o 4y oS jloalasl>
Pl ele i o ool lid vl )6 (o aS gz ge sle yial )b 5l ool

soisles ledl 5l igas SO g 950 5l 7,5 (608 ,b Con o jguelS 2 S

=

1- Procedural

10 o less 15 09> 1394 s (o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

53900 dga Joxo 9 (Susie Soluw Jlaalbsl SWT BLIL osub led (5 318 diso) BB 5940l Gy (Hus iy D (S50 )5S0 A3l SHLS f.‘@_),le )
g TS TN TRDUSSCATER BN PRNISRIS BN IRNSRLSEL BN SRR BN s WL T TRALSNAS U URNENLOSN TN IR ENLANL BN ERAE S il
’ v 7 ~
I Soadasls> LT WS -2 Nlpa 5 S | I Sy W SVl 5 S I
I I
| Sajeaals SoNI2 ! ™ Cajeaals SV |
| ' !
I FYCHER | PYCHN T |
. I 1
: & &,.aM, a8, Mof,M°5,A° A%, CM,CA | ZandlZ L |
I 6,6,T,T = ¢ I og— &l |
\ ! !
/
N = Mg P
=
Sujeels SN 8 S NVle 5 S \ / N\
..._'Pra ...l_ h-—<.—1'<"°;‘;5—‘ w-a uu\j 4 '.
PSC N |
[EYCP

I

Crni, AT, @mn
6,6, T.T = ¢ |
Tl AT — £ |
g, Cmn-'ci ad I
|

s=8+= 1+

§ — — — O — O — —

il (2) =0 |
f=14:..(3) =0, v
Al (5) =0 |
(alsla (6) =0 |
{Ac}yxs = —Blluxw{fluxs. U =brec

Sy sl SilSag Som genly Jo Sl Jlogei 3 S

Wboo sl (Sole glo b o eaile BL 15,5 Bl sez> oy
] 00l ols QL"“" 4 Jiw 5 as

Sl el wxly Jobo (Sleg e g, sloculil 4 x5 L
6JK.L)Q)EQ)ydu‘@)oJ#ﬁjg&mQ‘M@ww
rpo 5o Joaliilo 5L B Bl 355 55 15,8 b opdsn ol
10x10 4 8x8 £6%6 Ax4 2X2 slaws L oonles om> Lol (g3l
Jdobo 0 SUl ez a0 alape cpl 5o oo S8y Jske )
s 00 M; ).BJ)Q 0/33 tj.u)ﬁ.‘.ols

cho gladshey; Shai wsdee csalin 6 US55l azpls
aoarg b Jy o pliear 8l Cojeals IS8, s coseels
Jokw olass (pl b a5 sl ouls o J0x10 e olows 4 s oK
)30 JUd o jarels (Silfeg ;S slo g Vb ol ail> L adl

(ol> anlllas ) ,ls alabl> 5LIT gom

»

SN

o1 (MPa)x100

0 002 g 004 0.06

Plejl s b ond 1l oo 5 y5e 55 85 gely 4 SO

10 o lests 15 09> 1394 s (ORI de Sl Swadie

Wigds o Gk (Gldunlin Slalllas 5 (5550l )l Slalllae )50

@l A s pas @ azgi Loy Lol e (e liel Cux
b Coppels (SoilSog,Son rasly yloalibl SLIT BLII L o jopals oy
2l b (bbbl LT gew haid) o ol SUI oz woys lade
ools (s 4 IS jo oS el 48T 15 w0 9,50 29290 [39] 2w
T el 1 s 9 85 ly WS b ool il e o
SYolee,s ol oad 43,3 [39] 51 cowl ooty 48,8 lasys loaladl>
ol o0l aI3S loaladl> LT 6 Ll

Sy G5 (Seilag,Se by, Sl st 4SS ) axpliz
So (sl 03905 5l 3YL sles jo 1 (g3 Al 5l AU oz e
el Joaliilo LT s é g as (sl i) el e ol 4 05 s

(o 59eelS (SHleg S by gl ) ame 5 (o) n v
2 e Syl Oy a5 Jlsaladl SLIT BT pem woys sl S
997C (slod ;0 g oo ALt atedign (slocyjpmlS (SilSega s i3,
ST 2yd &5 (g )0 3gh e odnlin &5 4gSles 35l o0 (o)
aej a4 ooz ol Gledl 5wl jho pln el sUIT SLI
03ls ialed O JS& )0 Cujorals iged opl Jlb, 45 0gdi o0 o 53k
o e bl G ez dioys &S g0 el il an] o0
45 el Joalitls ST & g0ty olS bty aze> siilas plall el
Lo ol jo b loabisl> 5L pw 9 5,08, shyls Lo ol jo wb
et & g (il B0 jlsalibl LT e (gl a3 52 I8 L 5l i
ST e 5B alal ()l Gl Lol (b 5)k8, lls o
o alidlo ST e o JalS 58 aloxial ) e 5 09 e ST loaliils
L 5l al>pe ol 30 058 o0 oaline ool (nl 5l (o (6513, 0 )bgo
Syl hE o35l 5 o lealasls 5T oo

ol e § Ao g L5 sl loalidlo ST Los ol o
SalS bl yao jlsakisls 5LIT puw 50 0aile b 25,5 5 b )b plKn

12


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

539eXxo dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Sae dsby SHLS f.‘@_),le )

S (VTR PR
S ) VTR SR C NS

(ol adlad) s el 5Ll pgeiesl] 5 o o

o
S

x 4 T e ......'.‘
~ |  ieseecececceccss .'
< .
o ) |
= . .
N . ..

:" L]

© 2 d . . ,

ooooooooooooooooo XXX KR]

0.02 0.03 0.04 0.05
&1

0 0.01
55C oo 10 CojeuelS (5 970 )5 S gy 7 %

o) Hl3; 4 dlaly (Silleg Soe ol RS SSE (rlnly il o

2o 45 90°C (sled 40 pgrinagl] (SlSe frsly T JSCh y0 (uizon
sl Ll ol eals lis w8 e 3 00045 w5 b6 138
L ogd el (6 l05,L a5 Jyg0 j0 ams o (Lis o el (SilSag S
ol cl alie )8, SUIL 5 3l ane; L8, aSenl a4 axss
Uiy 6,080 Jlaae aoli8l bl BUN g ae aile  SilSeg ,Se
Sloadasl> LT al> o ol o aS Sy o0 SedbgSng Al 4 ailw)
3o 58 dlbrinl CojamlS jo (6,JA5 L Jlade iuli8l Lol gl g lake
50 Sy 1,8 slaly jo 16,8l 4 e oo slel loalasl> 5L
Fl 50 0l Cawd a4 i35S el 993y A camw g Cewl Al
U5, 6yl b ye wls bles jlealadls LT GLIN.ogd oo SeilSag ,Sen
G G, 4 ary b aS wed e yho Ceow 4 1) CojemelS 0 ilews
@ o5, (Sl (50 1yl 40 (BUIl oz o0 g de 40 sl Dgg
Comd 4 jlade gals pl a5 ails oo (BL Cojemls o 0/035 ol
[7] ool B a9 518, s 4, 0/045

G cos 1) eSS iy BLI L Cyjenels (13,9 5 8 ISl
Luls cpl 0 s e Lisles 35°C 5 25°C slos ,o wud jar (5970
s 58, gl jlsabasl> U col T<AF aSopl @ axg L oleo
ST s s o ISsalbl> ool Lo 4 Jy cunns dlicancinY!
aS pl @ do g bl 05 50 jnelS SilSag,Se b, loalasl>
Caj9aelS 50 oile 3L 25,5 0133 s055melS Jobu jo BLII soz> 0oy
ST Gt Sl D sl (518 a8, 5l a8 5 (65 e
ISy )y pl s wilewws (36,5 il S gylo ol o loalasl>
el 00l s0lo uLw.a 8 9 7

;ULJ 25T 9 35T LgLoo 5o )L):\Ja'.éb )L.” oW )Ll_é) )
5o lvaladls LT e 18, Cnl pdg, a5 4565 e ¥Vl Sileisgs
&S Sogo 0 el (Sl 60 p)b 50 Wilewy 25,5 03 D5 T sles
2 Slows 2,5 gl loakasl> 5T w 25T 5 35T sles o
] é.ulio Lg)b)'.’)L.’

2 aey GYb e dops Bl 4wl gl iy &5 psbiles
JUdy 5l i8S Cojgels (Silles,Son Il uly cialign CujgrelS

73

o1,(MPa)x100

7
““““ 8x8 /";
34 6x6 /
S - o--- 4x4 /
S s
3(\ 2X2 o
g2 7
P
e
é ’/'ﬂf‘" ///
: N ,f"/ ’_1/
S 1 N ,_/"/A o -
/’/ e -
- ,,/'/.
S
O ///"’ﬁ*

0 0.02 0.04 0.06 0.08
e

ool 25 0lans LIS T (gloo )0 Cyjorals (g pgmme S (A5 Femsly 6 JSCi

255 B oy
ools lid gles alize slaosl jo dialisn CujemlS Ful cunsd
2098 se (o2 (Sl IS L Sl Ceend Gl pgd Cend o398 s
CoseelS oo Sl e IS0 g SUL (g loaly SIS Sbl i

D50 (s Mg
s $enl AtV g 55, (sl foabiils LT 7 S o
S geels )o Silamy 5 oile BL 15,5 (Sl ()10 5k j0 a5 5l Lles
ol 0B ey e 2 |y foaliblo SLIT GLIL L onbia i g
T IS 3 oad (qmyp loalidlo ST s Jloged oy 2 b O30 1 513,
O 4 g Collwl 5B yo jlsaladle SN e Tl Lol )0 00,5 4z
sl (Sl L GRlBIL e 5 col S L8 Sl s
ol as 0sd oo 5kl jloaladls LI s jo o3 )l a4 el 18 Al
o 316 ol L5 SeaVlE 25,5 e e 6 i
ST s ¢ foaliblo ST 5 36 o] SLb 51 o sl oabils 5LT
SlSe (65l adlol 45 sgb e s ciiile 6 4 ealils
L el loaliblo ST s s g Satas¥] 5, osalie conns (145 >
5 5 Sty Sl oty i S, ) &

10 o lesis 15 09> 1394 s (ORI Sl Swadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

539eXxo dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Sae dsby SHLS f.‘@_),f.ll )

- (5l anllag) o alabl> 5LIT gn

0osT " axdllag) s abasl> 5T agiiagdl S 1o Slge
- (2>
— o ﬁ
&

\.
- —.

l

O-\-_---——-

r— T T
35 85 135 185
T(°C)

Ca5500l8 6y 15,5 Loo ety 10 Sy

e 58 SA550 Sl e (a5l G g o0 plesl 4 loaladl>
S o 5o (ol Bladl SIS s 5 2l o0 05 jloaladl> 5L
5 Gl o 5 bl S5 gl 355 e gy Joaliil
P i ] s osie ol LT e o o
Sl Cow ojenals o5 (Sloj il oo BT (G318 diej b o jeels
0950 5 skl SLIT slagews S enl 4 dzgi b 0pS o 518 Gl
5 sl SLIT (55l Jlb ol sl 455,518 o jaralS s
80°C o, ojlasl b Leo 2ol b ojls CojemalS o 65VL sles
S om 0sdieed LI CajeelS gy Jloalile 5L e 5o 56 Al
CogealS 9,0 loabasl> 5T o 51 alliwl oogame (ol 5l Leo ials8l
e 3 58 bl CueelS 4 Syl ()50 5l e g 9g e S
ST L s 3 Al GLL S o e bl 4 el 5L
e |y SlSiage 5 )55, CajgmelS 3 e bl i1 loalasls
5 Aeye cpl e Lo ill Lol sgpine a5 eS len aiS oo
AR b R Casenls e wley )5 oo jenels
9 Silwdniio «ojgnals 5o jlsabiblo LT Jlad s Sl 51 toles (sla i,
ol el 550l 50 eaelagz gt sla i Glaled Cuz (55l S L
o3 &S &S len el Cojenls sile b SIS Sobles Jolos
L oadcali (o318 aney Cujerels & ()l 5L 8l b ssdi e
D9doe Cujeeels o odel B9z gar 15,5 el o laaladl> LT SUI
YU jLad g Lo b mlio )0 oolatnl 050 (Sl (538 slaojlu a5 1>y 5
SSeh cod glats gloyeiSTy) Dlalad g Ca e Gleey b
gl Wlgoe Slge ol Sl eslaial cplply w8 o0 B YL (S
ol 5l BT L ple o sty s 1) el (St
ol gonly 55 sl o] 3 Olyion ol slagll] SlSaga
2,5 solakul
5 &S L cos 35T slos yo lsaladl> 5UT e 11 S o
pie il S G iy oS gl eS8 (Sl gilont
Sl e 53 Wilows G155 (gles e3gazme pl o g (e (sl k
SHe )l 5l a5 (SH5ey0 wlege (Bl 538 a5 loakiil>
Joaliblo 5T s g 005 3 ) )58 b o foakiils 5LIT waw
bl (S lsaladls LT jo a8 Ll 5l g aihie (55970 O j90n,
(011>0) o285 sla i el S92 g o wibl o a1 5B alloind

10 o lests 15 09> 1394 s (ORI Sl Swade

— = (ol adllas) ls abisls 5UIT/ pgriegd] oS o

2 =
- (ol anllas) ls ababl> 5LIT gon

8 15 e amell] b aliil sLl/psiosll o5 e olso
X
< oA
o ,.f‘
2 17 =7 |
g o - |
S - - /

"/ - - ]

0.5 + P -

( |
0 j . . . 1
0 001 002 003 004

&

0.05

25°C (slos 1o CujeealS (55970 23,5 S Zly 8 Jsi

—_— el il ) s el U ppeiegl] 5
e [T ekl s 5
2.5 - eoee (Lolsadlas) o aladls 5LIT o

L )
8 27 o°.°
— °® °
X .O
~ ... [ J
515' .....'. [}
= o ® -)
~ o /
6 1- .. / ’

[ ]

0 0.01 0.02 0.03 0.04 0.05
&1

35T (slos ;5 CujaealS (5 5700 25,5 o5 Gmly 9 S

5 GISLL adal) (Sley S Slaudos ool 3l anee;
Sz Ol Alpe nl jo ol plol Clb les o (Sl sl
Cawol> aiblosdi CojemelS o loadadl> LT o Jled S gioles
ste 5 el Loo a8l s dmgs b oS il 1) oabasls 5T IS5alisls
SIS0 L plgse plply sl jloalbl> ST (SolSega s k3, 5o
5,5 @)1, bl T ISbabils 3 caols 5>

Sl s G EL dae o cod ol Cujenls 100 s o
GIL G Olsrear dlie cpl jo a8 Cul a8 F 18 (SOl (Sl
L oloabasl> 5T JShababl> cools 4y axgi b iogd co iy yad  SSISG
Ol Lo jgealS )0 dilawy (35 CajenelS jo e (gl05L Gl
b oo

Siledld g sjlsabidl> Sl g Cujenels 5o enlslonl (15,5 4 azgi L
Sygme S b (Suililag S () BS,L Cov Cojgals loabasl> LT
SIS ot CojenslS o g 055 o0 13 (5595 Jb s 0/045
350 loalils SLIT o 55 ey sla s aiile 0,5 0 )18 Sl
2 led cplas b Aot jladie 1 Jgazm j0 a5 6ig5 e 10,5 oo )8 Lo
ST s 50 (3l Led ol 40y b ol 5186 e 6,5

74


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

539eXxo dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Sae dsby SHLS f.‘@_),f.ll )

& sl )HL* «a590elS S gl i (I8 L LT aml jo 098 oo
GBI L &S Cel pasiie ()L (IRl L ol CgeelS il
Jode iali8l g Jlogel cud palS o T B ax o a0 5l lade 5l asgl;
o) SidysSinsg JB8) 4 argi b ogdige (i JLaSy jlade b (105
il L el 01045 lace glls iy oYl aile saiiSsgame (2,8
o Ply G a4 CojenalS olys U2 Jlaie U U4 ) BUI agls
Al et wll Caz 05 Gl o sl [Res Cajeals
P i i o B dygly ais a5 sgd oo odmlive o ASaalisl>
L Co90elS olys a5 Conl 0y 098 0as CojgrelS 50 osila b 55

6 =
S 4 -
—
X
<
o
2
& 2 - = [41] sgume L]l
B [40] alRale)l b
ol dalllas
O L] L L |
0 0.1 0.2 0.3
% €11
6 " /
6=n/12
o
o
S 44
<
o
2
5
B [40] Ga:li.;‘;.iu)fl L
ol dalllas
0 ' ' ;
0 0.1 0.2 0.3 0.4

% &1

4 - O=n/4

6, (MP2)x100

B [40] alKiolej] mobs

ol aslllas
0 ' )
0 0.1 0.2 0.3

% &1

75

G2l s oalidl LT s Slojen (gilunsio g Lod (tal38l 055 o0
B g Loo (il 51 e vl ool ools ylas 11 S j0 a5 (g 90 35
Ol o1 lade olealasl> LT o 51 Al LL @ oww, oLL
ST e 50 Syl blasl Gl 5 Aol ples! 51 e b oo

ST SLIN L 5l ane Cajonsls 5o 5 bt I tr
50 56 a5l cojemls Sl Judos 50 0gi e Sl loaladl>
Slvabasl> 5T e 10 51 Al £9 080 ds Cad die) )0 oobds LI
D9 0 odlive (6 5YL gleo o

Svaladl> SLIT GLI b oodcu gl CojemslS 10 (6 970 (6 jlwinio
5 Gl OIS cad oo (]l L aS 09l s chogl O yao s
8, Sl blass! Gl L g g o conlive loalasl> 5LIT LI
50 56 Alewl 80°C o 85 Jlade 5l oo cindS L ogd o (071<0) (5L
sl 5 (a5 5k Sl s a5 5T ol (g0 loalibl LT p
Sl g pled 58 Aol Sl Sl Lo (iuli8l b Jg gl s Ll 518 alloeial
ol 0o sols ol 11 IS j0 a5 098 0 cvline )l blu]

8L cow SIC/TE Cojenls SilSeg S slageuls aslsl o
oldl Joe o [40] 2Bioles] mlo b awslio o 5955 adlas 5l oo
RYWIPPIPL [41] sgume

od&dj‘)‘ Joe a8 NUE g QLW.* 12 L VR W osls ul.w.’ C”L"’
Sledl Jow vzl oYU sillas sl alBisle;l mls b awlio o ol
yol> Gudod o aS w8 S G o |y BLI g ae) o sl [40] APREN
[33] cauljls |y cabslB ol alie oyl 4o ooosliul

95°C oo ;0 ooy 95 o jgualS SilSag S el 13 s o
a3 md 6 M2 ho ol 6 B sLlg; b loakaél> LT GLII L

— (ol aslliag) s alsils 5T fegetiaslT S e olse
(ol asdllag) o abisl> 5LIT o

2 =
15
Ve
S 1 s
X 7
< /
= 7/
205 7
5 7
0 L] L]
135 185
T(°C)
-05

oAl dude Cu jgolS G;.Lao S @wb 11 s

10 o lesis 15 09> 1394 s (ORI Sl Swadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

53900 dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Se dsby SHLS f.‘@_),le )

Sy Sl g wms oo alS 1) Cujerels jo Wlowy (69,5 (Sl
Joo @l opdiee Cujeeld ;o oasl vgzg 4 (i) Gl e
S8 alie 950 500 (Ll g olBisloil @bs b SeS (Sl S

i osalie bl e oYU il 5 <5

c1»-9

[1] ILA. lIbrahim, F.A. Mohamed, EJ. Lavernia, Particulate Reinforced Metal
Matrix Composite-A Review, Journal of Material Science, Vol. 26, No. 5,
pp. 1137-1156, 1991.

[2] W.M. Ostachowicz, M. Krawczuk, A. Zak, Dynamics and buckling of
multilayer composite plates with embedded SMA weirs, Journal of
Composite Structures, Vol. 48, pp. 163.167, 2000.

[3] F.E. WangWijb, SJ. Pickart, Crystal structure and a unique martensitic
transition of TiNi, Journal of Applied Physics, Vol. 36, No. 10, pp. 3232-
3239, 1965.

[4] D.C. Lagoudas, Shape Memory Alloys: Modeling and Engineering
Applications, Springer, 2008.

[5] L.C.Brinson, MS. Huang, C. Boller, W. Brand, Analysis of Controlled Beam
Deflections Using SMA Wires, Journal of Intelligent Material Systems and
Structures, Vol. 8, No. 1, pp. 12-25, 1997.

[6] J. Mohd Jani, M. Leary, A. Subic, M.A. Gibson, A review of shape memory
alloy research, application and opportunities, Journal of Material &
Design. Vol. 56, pp. 1078-1113, 2014.

[7] R. Gilat, J. Aboudi, Dynamic response of active composite plates: shape
memory alloy fibers in polymeric/metallic matrices, International
Journal of Solids and Structures, Vol. 41, No. 20. pp. 5717-5731, 2004.

[8] J.G. Boyd, D.C. Lagoudas, A thermo dynamical constitutive model for
shape memory materials. Part 1. The monolithic shapememory alloy.
International Journal of Plasticity, Vol. 12, No. 6, pp. 805-842, 1996.

[9] D.C.Lagoudas, Z. BO, M.A. Qidwai, A unified thermodynamic constitutive
model for SMA and finite element analysis of active metal matrix
composites. Mechanics of Composite Materials and Structures. Vol. 3, No.
2, pp. 153-179, 1996.

[10] F.Auricchio, R.L Taylor, Shape-memory alloys: modelling and numerical
simulations of the finite strain superelastic behavior. Computer Methods
in Applied Mechanics and Engineering, Vol. 143, No. 1-2, pp. 175-194,
1997.

[11]A.C. Souza, E.N. Mamiya, N. Zouain, Three-dimensional model for solids
undergoing stress-induced phase transformations. European Journal of
Mechanics - A/Solids, Vol. 17, No. 5, pp. 789-806, 1998.

[12] M. Panico, L.C. Brinson, A three-dimensional phenomenological model
for martensite reorientation in shape memory alloys. Journal of the
Mechanics and Physics of Solids, Vol. 55, No. 11, pp. 2491-2511, 2007.

[13]P.Sedlak, M.Frost, B.Bene, P.Sittner, T Ben. Zineb, Thermomechanical
model for NiTi-based shape memory alloys including R-phase and
material anisotropy under multi-axial loadings. International Journal of
Plasticity. Vol. 39, pp. 132-151, 2012

[14]V. Birman, D.A. Saravanos, D.A. Hopkins, Micromechanics of composites
with shape memory alloy fibers in uniform thermal fields. American
Institute of Aeronautics and Astronautics Journal, Vol. 34, No. 9, pp. 1905-
1912, 1996.

[15]D.A. Saravanos, V. Birman, D.A. Hopkins, Micromechanics and stress
analysis of composites with shape memory alloy fibers in uniform
thermal fields. American Institute of Aeronautics and Astronautics, Vol. 1,
pp. 433-443, 1995.

[16] C.C. Chamis, Simplified Composite Micromechanics Equation for Hygral,
Thermaland Mechanical Properties. NASATM-83320, 1983.

[17]J. Aboudi, The response of shape memory alloy composites. Smart
Materials and Structures. Vol. 6, No. 1, pp. 1-9, 1997.

[18]E.J. Graesser, F.A. Cozzarelli, Shape memory alloys as new materials for a
seismic isolation, Journal of Engineering Mechanics. ASCE Vol. 117, No. 11,
pp. 2590-2608, 1991.

[19]P.R. Witting, Rate-sensitive Shape Memory Constitutive Model: Theory and
Experimental Verification, PhD Thesis, State University of New York at
Buffalo, 1994.

[20]J. Aboudi, Micromechanically based constitutive equations for shape
memory fiber composites undergoing large deformations. Smart
Material Structure. Vol. 13, No. 4, pp. 828-837, 2004.

[21]F. Auricchio, A robust integration-algorithm for a finite-strain shape-
memory- alloy super elastic model, International Journal of plasticity, Vol.
17,No. 7, pp. 971-990, 2001.

[22]Y. Freed, J. Aboudi, Thermo mechanically coupled micromechanical
analysis of shape memory alloy composites undergoing transformation
induced plasticity. Journal of Intelligent Material Systems and Structures.
Vol. 20, No. 23, pp. 23-38, 2009.

[23]F. Auricchio, A. Reali, U. Stefanelli, A three-dimensional model describing
stress-induced solid phase transformation with permanent inelasticity.
International Journal of plasticity. Vol. 23, No. 2, pp. 207-226, 2007.

[24]S. Marfia, E. Sacco. Analysis of SMA composite laminates using a

10 o lests 15 09> 1394 s (ORI Sl Swadie

4 -
O0=n/2
o
o
—
A
24 &
=3
B [40] elRele)] b
Lol aslllas
O L] ] L |
0 0.1 0.2 0.3

% &y

6 LI sbly; L SIC/Ti CsealS (s GRS S Bl (o 12 Jsis
2 g4 m/12 oo i,

4 =
——ig=10
.......6: 15

I [ —— = 30

3 =

|88

O_ll ( h’dll)il)x l()()

0.01 0.02 0.03 0.04

=

e

BLIIL cogernogll ate; CusoealS (59700 (25,5 S35 Gly oy 2 13 S5
Gilize BLII sblgy b loabsls 5LT

el S S5 g jealS 250 (6,105 ,L aisle T2 LI 4yl

S g5 doxs -8
Sz oolw axly Joho goman (SGlSey S Joo (ipgh cpl 5o
sloalbl LT BLII L sadiiu s (o318 e Cujorels Lolss gl 5o
5 i a9 SLI 5B 50 5l CojenelS ceme> caled ladl ol &l
S, ologSY Jaw sl eolawl Lol 13, L@QT Oleo ol Jlas! Lyl i
a8, 3,0 - ol Jow 3eolaiwl U g gilw Jow loalasl> LgLea‘)‘L,,ﬂ
Al a8 )3 i Bl Ohgoa o3 a0 SUI &lj A 65k Joe
Oy Sy das 50 Jols TX X1 4y ouislad soz> Ll jelaie ] (slp g
SVolae )5 o8 qumgiaalp 9 (gmdly = (Fgs by, 5l eolaiwl L g 8L
L axly Jolo by, Slog, e DY olae (o jloalasl> 3l.¢JT < b=l
slrosl o aniiYlew 5 (JSG aladls S ols lis Cge ol sols
Omired Al ool inled 9,800 wlide [0 Cujemels LS, &L@é aliSee
SLIT GBI &S 0l ools lis .88 18wy 8,90 BLII (g loangly ol
S0y, 5o Yl g o IS adadls> Sl cols o 4 Jloalasl>

76


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-27 ]

[ DOR: 20.1001.1.10275940.1394.15.10.12.6 ]

539eXxo dga Joxo 9 (Susie Soluw

Jlaalbsl SWT BLIL osub led (5 318 diso) SN 910l Fwly (Fus i S (Sweg )Sae dsby SHLS f.‘@_),le )

damage of metal matrix composites subjected to transverse loading.
Journal of Composite Structure, Vol. 66, pp. 415-420, 2004.

[33]M.J. Mahmoodi, M.M. Aghdam, M.Shakeri, Micromechanical modeling of
interface damage of metal matrix composites subjected to off-axis
loading, Materials & Design, Vol. 31, No. 2, pp. 829-836, 2010.

[34] M.J. Mahmoodi, M.M. Aghdam, M. Shakeri, Micromechanical modeling of
interface damage of metal matrix composites subjected to off-axis
loading, Materials & Design. Vol. 31, No. 2, pp. 829-836, 2010.

[35]S.R. Bodner, Y. Partom, Constitutive Equations for Elastic-viscoplastic
Strain Hardening Materials, Journal of Applied Mechanics, Vol. 42, No. 2,
pp 385-389, 1975.

[36]J.N. Reddy, Mechanics of Laminated Composite Plates and Shells: Theory
and Analysis, CRC press, 2003.

[37]S.C. Chapra, Applied Numerical Methods with Matlab for Engineers and
Scientists, 3rd ed, Raghothaman Srinivasan, 2012.

[38]H. Register, A Guide to MATLAB Object-Oriented Programming, Chapman
& Hall/CRC, 2007.

[39]F. Nematzadeh, S.K. Sadrnezhaad, Effects of material properties on
mechanical performance of Nitinol stent designed for femoral artery:
Finite element analysis, Scientia Iranica B, Vol. 19, No 6, pp. 1564-1571,
2012,

[40]M.P. Thomas,. Tensile Properties of Ti-6-4/SM1240 Titanium Metal
Matrix Composite with off-axis Fibres. SMC Technical Report No.
DERA/SMC/SM2/TR 970145. Defence Evaluation and Research Agency,
Farnborough, UK. 1997.

[41] M.M. Aghdam, M.J. Pavier, D.J. Smith, Micro-mechanics of off-axis loading
ofmetal matrix composites using finite element analysis. International
Journal of Solids Structures, Vol. 38, No. 22-23, pp. 3905-3925, 2001.

I

multiscale modelling technique. International Journal for Numerical
Methods in Engineering. Vol. 70, No. 10, pp. 1182-1208, 2007.

[25]A.R. Damanpack, M.M. Aghdam, M.Shakeri, Micro-mechanics of
composite with SMA fibers embedded in metallic/ polymeric matrix
under off-axial loadings, European Journal of Mechanics A/Solids, Vol. 49,
pp. 467-480, 2015.

[26] S.M.R. Khalili, A. Saeedi, Micromechanics modeling and experimental
characterization of shape memory alloy short wires reinforced
composites. Journal of Science and Technology of Composites, Vol. 2, No. 1,
pp. 1-6, 2015. (In Persian)

[27]M.K. Hassanzadeh Aghdam, M.J. Mahmoodi, Micromechanical damage
analysis of short fiber titanium matrix composites under combined axial
loading, Modares Mechanical Engineering, Vol. 13, No. 4, pp. 86-97, 2013.
(In Persian)

[28]M.J. Mahmoodi, M.K. Hassanzadeh Aghdam, R. Ansari, Effects of
interphase damage on the elastoviscoplastic behavior of general
unidirectional metal matrix composites, Modares Mechanical
Engineering, Vol. 15, No. 1, pp. 99-107, 2015. (In Persian)

[29] M.M. Aghdam, A.Dezhsetan, Micromechanics based analysis of randomly
distributed fiber reinforced composites using simplified unit cell model,
Composite Structurs, Vol. 71, No. 3-4, pp. 327-332, 2005.

[30]M.J. Mahmoodi, M.M. Aghdam, Damage analysis of fiber reinforced Ti-
alloy subjected to multi-axial loading—A micromechanical approach,
Materials Science and Engineering A, Vol. 528, No. 27, pp. 7983-7990,
2011.

[31] Dezhsetan. Analytical modeling of random fiber arrangements of
unidirectional composites using simplified unit cell method, MSc thesis,
Amirkabir University of Technology, Tehran, Iran.

[32]M.M. Aghdam, SR. Falahatgar. Micromechanical modeling of interface

10 o lesis 15 09> 1394 s (ORI Sl Swadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.12.6
https://mme.modares.ac.ir/article-15-4470-fa.html
http://www.tcpdf.org

