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Influence of pre-strain and position of shape memory alloy wire on buckling
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Today fiber metal laminates (FMLs) by having good mechanical properties and low weight have been
Received 07 September 2017 attention. The use of shape memory alloy (SMA) in the FMLs causes these alloys, under mechanical

Accepted 22 October 2017

‘Available Online 27 November 2017 cyclic loading, by creation reversible hysteresis loop, can absorb or waste mechanical energy and causes

amelioration of resistance against buckling instabilities of FMLs. In this study, the effect of increasing

Keywords: pre-strain and embedment SMA wire in far and near layers to neutral axis of FML, under static buckling
Smart fiber metal laminate composite were investigated. FMLs were contained epoxy resin and glass fibers and 2024-T3 Aluminum alloy. To
Shape memory alloy wire investigate effect of pre-strain of SMA, the pre-strain of 1, 2 and 3 percent with fixed quantity 6 wires
Ericzt'g% in these FMLs were tested. Due to investigate the position of embedment, the quantity of 4 wires with

fixed 3% pre-strain, in far and near layers to neutral axis, are used. The results showed that the increase
of pre-strain due to creation more tension of SMA during the fabrication of the specimens and the
tendency of wires to return to its original shape during the test makes the structure more resistant
against pressure loading. Also, the wires were placed in layers far from the neutral axis of the specimen
as compared to near the neutral axis due to the greater effect of the bending resistance of the specimen
during the buckling and the effect of the better return properties of SMA wires, causes to increasing
resistance against instability and load tolerance limitin FMLs.

2] 55l g0l 0,15 ol mileS Cuaglae Sl (9050 (bur Glaojle j0 59 el galluw Ladlgn Cuas o
hsels 5 63 slaay aileaz IS gy (lacy jemels Ol 9 008 o anse rals 4 e ol cpl 15 adlb e 2500 Gl

oo Olge b5 oad aisle slay O jga a5 Slbras jl eslaiul ccaio

1 Fiber Metal Laminate

Please cite this article using: samlod o3liw! Jod b 3l Wl oyl glayl gl
M. Mohaseb Karimlou, R. Eslami-Farsani, Influence of pre-strain and position of shape memory alloy wire on buckling properties of smart fibers metal composite, Modares Mechanical
Engineering, Vol. 17, No. 11, pp. 429-436, 2018 (in Persian)


http://mjmec.ir/

Sl oMwl Ld) 9 9hos )5 o LS ) Soxo

Sdodigh 35— Bl sy 59s0lS biileS olgd o )3 aEL SWT eaw caaBge 5 i »F iy sl

IS sl gy Jamsgs o Wl 25Ty okt -3 sl e loaliils
o jeualS o Jloaladls gl puw 0ol ded CuxBge Ol 314

Pyate 09 5 3k (e plotul aile loslll@ed (plo> 2525
53 9lge cnl o0 S soslitul & e lazmio slaceeelS ;5 b
3L 0550 YU y3e 4 plSoninl o il jo aS) Ladlys Cuio slaojl
Slamao oy 5mlS 5l dalonlsn (39 (ialS jelaie 4y .ol 0alds (ol
gdin olitl daJl sy 53 (S Sl sl (ol (20> Glyin
IR Sealnagnl slog s il cod s & ey lalogln 5o,
ol sles aalial ol oo 5 (Soolng pl iole )T Cod aSl (iS5 o
byl GhalS g oy satug p3 WS sl 4 e Sl (Sew o
4 oad Jate Sppan Olsise SIS0 ealidle slagll lwis)S L Jeos
e Wil 5o 10k ooy <)l g 050d solinl lamio slacyjseels
8] iz

Shosliiul (pgas 3 (v Ol oy @ O] 07 5 5k UL Gl
Sloogas g koS Jud JpuS jshae 4 jlsalidl> 5L slaoasss Jlud
el anlllas yo amsloy pody Sllasil (255008 sy )5 (il Gl
by ol oo samio glinl, o IS oaliils 5T clapems
LS )18 5 (Sbinl Sleogaz aie; )3 [10] 5L 5 9, s 6,
oabitle o b oad ool st BLII b oud Cogl jemelS Slxio
g )5 1R s cod 8] Jois lape oS Beiod Jgiis
[11] s g 5k it JUd (5B b3l sl 5Ls 9590 (59,5 ol (sl
lroaisS Jlud 5l ooliial b ol e |, S35 sl (ol 45 wisls oL
51 eolatal b [12] (Mgl g ygeanel cowicn Sgugy boabisl> slasl]
S8 wdly loalidl LT slapr g ouds olml sare s (slogye
g 0j95me ST sy, U oS lamio oSl o ) les])
Jled 5l (S sS comm duo 0 5l eolanal b a8 ols oyl LT ulbdios oS
cov Olmis |y lmio ol clbgbuls e beaus
Bl rals slakasMo B jlade 4y uilesT,s

sloisle (L3leST3 18, dgnge [12] DBy 5 gl 293 5o
oo 4 Sl JyuS slaghy, 5l eolinal b slamio gloY wix
15 51 ool b S Blbsl )b, .l oy diedsn olge (g3leiSs
o J8 5D peslism IS (JISS siedige LT slacasss” JLb ool
S50 Sl G Y Wiz glabo gladigel (9,0 (w85 )8 15,8
5 48)F )13 S 3y90 (S Glie 4 baossS JUub 5 285 18 (o)
[12] Wl 5,0 lyle

SBCajsalS (5, GHleS a3 MSen 5 57 oS (EiS )
s |y Bt ol Bus waissls y Jls abadls pon ool Coati Yo
@3bdlad (595 Sl 5l el cu 4 390 ol Syge ool & Ol
Oy Lo (2l (tilaSTE JL8; (55, » sloalible ST lagrw
B G (g0 4 g Jad Jate () oSS SO 4 6 LS Glidss
Slapan Al 56 sados cpl o a5 col al ped S5 i ools )8
Sygear g 0l (618 Ao 0j9elS 5 ciileS s, o jloabisls 5T
sl Glie » gl (ol )0 coles 50 A 00ls oty (A5 g (o5
ST lopans 53l 0,5 Blod sl 6,955 slaJsn b calolo 025 ls
et S dbml 4 e a5) (GBS B, Jlb S8 gy, p el
6] a5 ol (258 (o0 (LS ol jI 3 S5 JSb

11 o)leis 17 0993 1396 (yoin (purde Suille wise

wAlel @8, 5 4 5l wel e witle oa 4 gy g ST IS
SUIE ULl 3590 3,505 ulal 2 (5 y9b 0 SLI 5 el pgainny]]
Cughl meipegl] 4wz slacyjeels [2] wites aiid b p)S gl
Caoglio alex I (608 @ yamis plgs | Spllaies UL ond
S Sl 5 Jlo a0 & Cuglin iogs Sl ol 5 (S
[3] st jls 555 5 o>

& S S sl aix g9, p LS » Fhe Jelge 5l (B
il 225 0 il (oo S i Y iz ladejelS L oLl )
Oilee doaY cols gl oz blawe 4wl e a5 gl 5,0 -1
Olodzr =2 4] wil s 0 b s wpd RSy @ oY (08 Jate
6] 555, 5 5 55 w550 Ll -3 5] (Gl (slay

Y i gl U] 109*45 S 1) (owyp p2l> b o
w85 8 arg 3)50 Sl oe az g (595 Bl | ax 5I-SU gla
@b el Dlaiz wlge (nl (00 S 0,5 Jodo 4y rizren ol
& el oy plomil SL-GLI laaY wiz Koo sla)lid, ogas o S
I7] sazdls ase ol o 1 (g5 L5 (il 5 o (S,

S5 098y San pglas Al g 9 50, (2285 Guiod 50
el g g b oolaiul gl s j0 CnSs 030186 4 oliws sl
My g sowe (WS (Biizd (nl 5028, )0 (Sl ghaw o B Joe
Tt B Sl oad ailbre ()23 G CoS Samae Sy 0 Rl
ez oS ol easlie Grizes WAL o 5 Jlul ol Jue a)
Sorbm g WSS B8, )3 (cate Bl gshaw 0 CnSS
Sl 05, b 5 LS e o8 1 [4] 05 e el Jas o iolor
gl Y i sty jeelS LB, IBT sl e se el Cons A
ged 03liul (6)La8 (59 v ol (S plladed SUITL oad gl
Qg go Gialas Glasin a5 aas o lis b yiaSTly o olj Cglas 042
ol il antls Slxie yo (LS (e @5y » ok b
ol Cush meinesll Y iz lacyjels o slse sl all plulis
TA] el 5,55 (6losay Comat] 51 oS gall s BLII

24 s olied o g dieded Slge o S loalasls slasLIT
Ngdge 8,5 10 ndy BLkl b wedge slaisle jl gles S soil:
O (Shp A5 oS g oole 3985 9u) el Sl 5B s s &
Sloing (Slloge 5 olys Al o dlge cpl wpiinl g o le slajle
Sloaladl> slasldl 5l cwaige oo )5 51 (g ks yo s (lid 05
ooliisl ol ol o S oilas ) aiile (g litle lasie S oy
Sygar Jloalibl> slajldl slaoaisS Jleb 5l (ige slaghy, yo d9dise
G Gyl U3l o ons gilula b g mdaw (g9, LY 4 0uls Jais
e 4 S ol K o olfin ol oid ool yjpmels
Cely a5 o8 e sl eglie gloS LT Lo wedie Jlosl roassS
oS oo mile 3 S5 5is 5 S o sl g S8 bk
@ ) Olse Y sz glacyjeeels a Jlsakasl> SLIT o5 adlal L 3k
[6] o salys Lo 55008 l GisleS™ )18, 5 350 Jolse 5l coges 5k
L oo a Ll cely oS Jodibls g SeilSe Sliogas -1
o e 4 ainly 45 ((SE Sb5L (598 Corogas <2 00,5 o Sl
S (857 Dl g (A5 ed gom> S (1SS ey 2l 305

! Glass Laminate Aluminum Reinforced Epoxy
2 Shape memory alloys

430



Sl oMwl Ld) 9 ghos )5 o LS ) Soxo

Sladig i Bl s 9pels ileS olsd ps Jlsalasla ST eaw cusdge 9 i xS Gy i

Hloakisl SLIT paw ol JE- LI sbaay Wi cilw-3-2
SLIT oo b oo g J-GLIl 4Y wix sladiges cole jelae
5 b s b culite B e 4 (255 Gy Jlosl 5 jloabisl>
amiao g0 gl LB cpl el ool ools lii 2 S o 4wl aSle
Gl 6Tl polite 4 la)ld 5 Loyl bwsi oS 39 (b 5 (VL
Jlosl joke & ol (Some w2 55) 2 (S on PR 0 LAY s
oS 0,5 Ko awgs e Il ¢loaladl> LT Glo o 4 25,5 i
Sk da S5 o Sl jslite & s 5 S35 1B 1S
u.”_‘) )ia..) N PLE ab; I PRV Lo vy g,JLTB SS9y ¥ as GLQLSQLQ
EHRWPLINEN €5 LS)i.'.‘) 60,:5 g

solatul (s G)Dfsby 09y )l ).L%dl...” slay e el leﬁ
axly 10,2 gl 4 Gl-GUl slaay wia h5eeelS s o laml ol
bgle ol 5l G g 0 bglsee o b jiojla sl SO (Sl (25
A oolitul o (59, » adud B g peied] slaa¥ ails Cus
aY Gl Jlasl jelaie 4.8 5 alonil lame gloo j0 55 By a8
5 adsl 2z b pariesll ladys gl (iseeld B L 3k
aQ u}-‘-‘“' )| oolawl WL@H »9 f’)" o«bl.:.o....: d.L...dﬁ aQ &}"l)} bl.’?u‘ O
3 B 658 5l e as Lg)'L.uaéLoT b )5 s jshaie
5B a5 0 (g Gl lawg laore sles jo o ol cYaus
@ oSyl Soell bawgs (55 i Jlesl 5l ey g a8l Jli cops e
s 815 & Lol s 5 Lo 59,5 0,5 b biad ooy il S0
ol 0 Vi Cailes fuizmed g (Conl Coiin] 5B Cuals 5l aS)

5 O olml 4 e o5 Wl d97s e )0 (2l GRS s b
Y sz glaaigel ol jen 4 B Culys )0 09d (o0 Viz S l
G ey olKiws 51 lsalile ST e b onds g li-GLI

S5 )8 baoe sles 40wty anl

w3l (W gos slasine -4-2
-3 slaaY sim o lealadls LT slagun (65,8 095w 3 Ko 4o
L6 e gonolis 3 ISs o ppalas cl sall ooly lis 518
Gl B 31 gand g U a5 pldyazgi b addl oo diges jo S
WS oo B e g sS85 cou wiges p b Jlesl SI s oS
S ek 45) Kigas (i 6 4 o jloabiil> LT Glapes plosz
Sl Cuxdse Sl (o) p ooy ad el (ABloe dges Culs
4 ool sl b pladiges G-I sboaYar JwileS (L3, 5 jloaladl>

S35 9,90 slaaY o lapew 518 L 3% cull 5,5 Gy b e

Fig. 2 Mould manufacturing of fiber metal laminate specimen
38— GLI slaay wix aiges cle B2 Y

431

Joalitls LT (sl pole aios o ool ligios bl o
CojerelS [2024-T3 FW?‘H) A-CU slaaYais 1950 pauilis- S5
S i Sla 3,5 Sy Sl 0ol o NSl (el SLS - oSy
8, s 658 CusBse 10 i Geizres g balidl> 5UIT
sl 00 R Jls—dUI 6[&4)5/\).‘? U"‘ suLeS

b w959 Mg0-2

Slgw -1-2

S Jols 51-GLIN slaay wm 055eelS oo (imsh ol o
oS el 0591 10% ol 1828 ol (Sl (nj) g Ale ST Gdus
S Cond )0 Cuizmen lL 00 50% plaS e G5 (5 9 SLII ez
ooliztl yio o 0.5 Cooles L 2024-T3 poriiasl 55 5l laay¥ aiz o]
04 ,bd b g pew Sygo 4 Ob Les posbis- IS5 leabibl> 5T o
@ 285 L8 esliiul 590 ¥ wir ol ilenietise sl e e
5 ool Loy g5t sleo) e dlial sloles (o pslate
538 Al (slos 0 ool T Lol olygy (il S (03] (235 e
ol 00T 1 Jgaz 5o jloabisls 5LIT e o

owleS 9031 oliws -2-2

GG AY s slaaiges (ileS eesl sl ooliiul 090 olKws
slrosls (1 JS2) 09 25 kKN b L Jleel coblB b alawils oSiws
Al oSy oYL SBp oold A guiiwg s 5l eoliil b oo
89y 2 ASTM C364-99 o, lailiwl b llas 5 (2leS (g0l 3005 ,l0gSs
Sz 99 by 5 oo o digad talej] el Cqz 28,5 1,8 oS ]
O NS gy g 48T 13 0SS Sl 5 VL sl SS s &ly
3 ale g o0 pSre el 5 0 T L aS g 5ail slogs bwy S
s oS Ml (b 9 Vb ) diged a5 sy el Sz (99,95
4 Jate 5003 JogSs j0 oo pSome diges 1 S g ol5T Lilr slaal
Qe o ol |y EileS (el aliiws

Sloaksl> )Lﬂ s 50 (556 Al slales 1 Jgos
Tablel Phase transformation temperatures of shape memory alloy wire

gors sled okl sl okl sles Eord slod
o] dlloeinl ol dlial o055k Al o055, Le alloiial
As (°C) A (°C) M (°C) M, (°C)
66.4 75.9 -0.5 5.6

| KA B

). .

Fig. 1 Buckling test machine

L Epon
2 Differential Scanning Calorimetry
3 Edgewise

11 o)l 17 0593 1396 (youp (o0 Suilfe wise



3l oMl Uy 9 ghos »S o Ld ) dexo

Sladig i Bl s 9pels ileS olsd ps Jlsalasla ST eaw cusdge 9 i xS Gy i

VU S8 (o e oS igaeslS ) eoliil b ¢ lasmo Layly
o=l 4y 9 6,lid Do 4 aS Al pess 0.05 mm/min (S e S3)
5 a5 Ll 5l (B 5lauS e oS o olBiws £4,8 deSS (10,88 5l
Sl @lmlegns Jlses 00)s] Cess @ Gl raiged ;5 00l Slxl
@ Wgad Cudy 3 Srterhee amio S GRS L el (55,0 axio
ol calesT Jsb (soles o laaigas jlualind yo 0 53 (5 pSojluil cgr
A (gl

3,50 Sloj so3b 5o e Jlake (40,5] Cewdy (gl el S a3
iy ol (st psban ik & a1 ol ool il e
2551 sy (1) salarl; Gobo g9y et pos (28,5
t== 1)
& o (MM/MIN) (55 s 8 oo  (MM) 0Ksd (§9 iy X ¢ Ggd alaly jo
Oley Al cmp loy 0551 sy (gl allie (9) 5t Ol
A 0 60 50 ol
ilesT oKt
a1y (6 lid (69, Jloged cooliiwl 3,90 oSws ST pl 4 4z L
Sloolainl b cg loges (slo cmyy j0 s 0 (oYL S8 (69,80) olbnl>
@bl sl o Wl a3 ladiges 5l &S alaphsd 5 jlages ol
el Cowsy sy oy oo 4y camio Sl g5
O 9 e 5 (Sloj o3l 53 S 3 50 iged b 5l 5)l0 gl -1
@lrlrgys Jloges gll ol o 5 ST I p5 0 (D) 4k,
oo 3l el
@luln) 33 GrFolul Caz LS I e 58 palas o35 s )ly -2
(5 JS3) diges (amio 3 2 5

Fig. 4 Fiber metal laminate reinforced shape memory alloy wire
specimen
Joalasls LT s b oo Capds J8-BLII sloayy aix aiges 4 S

* Excell
2 Catia

11 opladh 17 055 1396 cpaig «ywi0 SilSe wideo

Sz igred (3D g 3-a ) wad asle baiged Jus U Ay coed
slawi b pladigas «jloalidls slopen alites o i )S i 3l o)y
(B JS&) wind oolel 0s 133 52 1 (slo 13,5 i b e 6 0l

el 17023 MM2 ( 23leS 9051 o ailinl Gub adiges adS slel
b 25 25 & ladiges Slasis
b 4 Se05 ()5 ey 3% L o 4 diged -
55 565l 598 (2955 Sy 3% b oo 4 s -
GBS ez 1% L s 6 g -
GRS ez 2 b s 6 g -

OS5 2 3% L o 6 gl -
4 srdised 5 CojemelS AV 1 g 518 4Y 2 Jold o 6 sladiges olod
Ho laary slasd (il s Cojeels ¥ 2 5 518 4Y 3 Jeld e
3 e 253 Al alie ot e 4 ladigad ;5 CujeslS
ol G5B b s SGo3 5 90 sy

ohsu a0 90 GBLIL sl jo paileS ASLL com Lo 4
Ve )0 2l s ladiged plSoninl Cogli jslaie 4 Caled ;0 9 (ShjseelS
Ll s ol iz 3018 6,108 bl [ jloalidls gl g S
(A JSK) ol ass badiges ;o 55055 51 yie (e 4 alold

S (03T bl 552
50 lzd ol 005,lagSs 3,0 wiges by 1B 51 o 2ileS ee3l jo

Ahumimam Ahumimam

Glazs fibers/epoxyv0® Glass fibers/epoxv0®

Glass fibers/epoxy90° Glass fibers/epoxy90°

Glazz fibers/epoxy20* Glazz fibers/epoxy90°

Glass fibers/epoxy0* Glass fibers/epoxy0*

— ] Aluminum = — ] Aluminum e

Glass fibers/epoxy0® Glass fibers/epoxy0®

Shape memory alloy Glass fibers/epoxy90®

Glass fibers/epoxyd0® Glass fibers/epoxy90°

Glass fibers/epoxy%0° Shape memory alloy

Glass fibers/epoxy0* Glass fibers/epoxy0*

Ahumimum Alumimuom

() (a)

Aluminum

Glass fibers/epoxy0®

Shape memory alloy

—.-4 Glass fibers/epoxy90® .. —..

Glass fibers'epoxy90°

Glass fibers‘epoxy0®

Aluminum

(c}
Fig. 3 Wrapping shape memory alloy wire in fiber metal laminate, (a)
far from neutral axis, (b) near to neutral axis, (c) for pre-strain effect

590 () B -G laarY aiz jo loalsl 5LIT slapams (5,05 ,1,3 0g 3 Sl
G g 3 ey S (O) (5 B 4 S0 (0) Sl

432



Sl oMwl Ld) 9 ghos )5 o LS ) Soxo

Sladig i Bl s 9pels ileS olsd ps Jlsalasla ST eaw cusdge 9 i xS Gy i

ool 0dal (23,5 o 00303 52 sladigas
diged ;o ileS Sz (595 el 05pie B S (0 oS ol len
0.975 KN 5 ¢ 23,5 iy 2% aiges ;3 0.83TKN L plyy (23,5 i 1%

2ol 1.046 KN Jolro cpums (35,5 i 3% digad 10 y5byion g

GRS ey Il gy a2 b oS ced T 51 Sl s o
G55 e 53 iges Lo o Jaswie lw Sl a3, (o]
b oo 15 Coles ,3 52% 5 i 3%

Ui 1% Lges & S o0 T JSE logel 4 425 b eizmen
dged uizmad 398 o0 35> (5 LU sl o)ly 0.639 KN L o 5,8
b5 GiS i 3% diged 9 0.729 KN Jlesl [b jo « 35,5 i 2%
eSS B 95 o0 s adigas jo (15,5 Gy SRl 4 o 0 oL

A8 (55, 50 )kl 4 04,9 sl

1050 4
! 3% Pre-strain
900 f
1 = = = 2% Pre-strain
750 1
. - - = 1% Pre-strain
g 600 - ., .
2] / \ >~ -
2 . = --
54509 i :
. -~
300 Sl
150
0 T T T T T 1
0 04 08 12 16 2 24
Displacement (mm)
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Table 2 The comparison value resulted of critical load, specific load and buckling load between FMLs reinforced shape memory alloy wire

with 1, 2 and 3% of pre-strain
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Fig. 8 Force-Displacement curve of FML specimens with far and near
position of shape memory alloy wire to neutral axis
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Fig. 9 Maximum deflection created from neutral axis of FMLs with far and near position of shape memory alloy wire to neutral axis
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Table 3 The comparison value resulted of critical load, specific load and buckling load between FMLs with far and near position of shape memory
alloy wire to neutral axis
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Fig. 10 Comparison chart of critical load (a) and maximum amount of deflection (b) of FMLs reinforced shape memory alloy wire with 1, 2 and 3 %
pre-strain
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Fig. 11 Comparison chart of critical load of FML specimens with far
and near position of shape memory alloy wire to neutral axis
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Fig. 12 maximum amount of deflection of FML specimens with far and
near position of shape memory alloy wire to neutral axis
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