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Experimental investigation of plane stress fracture toughness for Al/Cu/Al
multilayer produced by Cold Roll Bonding method
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ARTICLE INFORMATION ABSTRACT

In recent years, metallic multilayer materials have been the focus of many researchers and different
industries. Cold roll bonding is one of the methods for producing layered composites which, compared
to other composite manufacturing methods is more economic and has the ability to produce layered
composite with different material. In this research, for the first time and according to ASTM-E561 and
Keywords: using compact tension specimens, plane stress fracture toughness for thin three-layer Al/Cu/Al
Fracture toughness composite sheets produced by Cold Roll Bonding Process was investigated. The fracture toughness is
CARB an important parameter in the design and their analysis can predict crack growth and life for material
Layer composite that has crack. In addition to the fracture toughness, mechanical properties and tensile fracture surfaces
Mechanical properties, SEM were evaluated by using uni-axial tensile test, micro hardness and scanning electron and optic
microscopy, respectively. Results showed the value of tensile strength, microhardness and fracture
toughness for Al/Cu/Al layered composite compared to initial Al 5052 and pure Cu increased, the main
cause of this increase is applied high strain and cold working. Value of fracture toughness for Al/Cu/Al
layered composite received 38.7MPa.m"? that compared to initial AI5052 and pure Cu, 81% and 165%
enhanced, respectively. Results of SEM demonstrated that ductile fracture mechanism were observed
for Al/Cu/Al composite such as initial samples, but the difference is that dimples for composite layers
are shallower and smaller compared to initial samples.
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" Constrained Groove Pressing (CGP)

® Hohenwarter and Pippan

° High Pressure Torsion (HPT)

1% sabirov

* Equal Chanel Angular Pressing (ECAP)

167

dodo -1
oly> ahnly 4 laY 5 i ane slacy el 3l glaJle o
Sl 4255 3590 (318 Bl 1505 ) S by 09 9 VL plSouil il
slio 0 555655 slos IS Gl olge ol (1] Wilass 5 1 8 - simes |
boaglio o ool J&> 5 o8 cud b pgaiegll 2] aiil o calise
21y Gran s 3p)lS i w5 mete wiile S slagldl b
Ol e spaiosll Lolss galawly 4y 5 0yl (318 A (lacyjopalS o
5 sl Glagldl crizen 3] 05T consy 58 A slacjsels
JEsl sloo )5 sl iloderasi] @lio 55 i poeioosll (255elS
wle agar Syzo 5 xSy a0 s & 0
4 Suglie 5 09> (Sl Sulis oglhe (Sl el oS JB
5 YU (oS colas 4] 015 o )18 esliiul 3550 w3 L (55,95
o pgrngll CosgalS T Lot ¥z g (3l ane) slacyjpmelS
Slolp sl )5 Wl oo porivagl] 5 oo 518 53 Csllae Pl o @
wBb atls 65,0lle 5 SO Sl g B agy05 LASlea alex 5l mlio )
2 e 2l Sl (sl @ ol griadl] (Slacj9alS 5l rimen (5]
WIS al ) ae auza g ()9 45 Sloj p3 a8 JUEl sla piecs
wzse Wy pariesll 5 e alie 28 51850 s alpls g
6] 05 508 JUisl glo w12 st (>0

. \ . . B a L .

N> Ghe) S 69,98 S Nam (b, 97 SLSIIES G
Wwd 53 85 g,y opl e aVaiz Glacejels g Sl wdy
sl o 8,80 8 TSl wad S8 i slagts,
S gy o b awslie 1008 4 jamie 63,5 o Sy Jdow
ol abes 5 Al ol atils m e drwgs 5 0B, Seadl wad JSE
009 Kwg 5 diges Sl 10 Cudgase pas ()0g ool 4 g8 co b Thg
Wogs Sl izeen 5 Vb Gl b Sligas 5 B 4 LS e wanl B
oMol b pbize Liwg (63,5 Oy digm din] 80,5 o)Ll ()] 0,8
3y Aoy @ dign (7] 75,05 dlog a1 05 (53128 gz Jio hlia
oo Bymo [10] (60,55 & igw [9] So)y' alowy 4 iy [Bl\co).w
O Kgm 45 il oo b Cll> (6 SKbem 55 (83,55 S g Wiga Cend]
Ded o boul Wgw Ol I pie maw jo Sad S ss Sl
Tob 50 daw blusl a8 048 oo ool Sloj digw b, ool 5o [11]
a asl ol A ojlail 4wl jlid Ko Sjle a4y 0gd ol gy,
s 55, 00 ol GlalSs I Lol B s 25 cely & g5k
ol 45 0,8 Jleel @lils 5l slos S cib  olgi o 1) a3 ol [12]
(ol p e il iz oz b g iz Sl ailes e olge
L Olgon 5 Ghgzr w2 4 plFiees (S ez Aoy 4 &5 ) (ST
olsie 4 LT o os, ool elul o lo sl 5o 1121 ol Jlasl wgs s,
5 1181 wio S oo olualld high 5 G5 05l 0 sl sl sy S
Lo sy Slsi (sl 00,8 sty (Gigey S e Wiy wiT8 51 3l (sla Sl

! Cold Roll Bonding (CRB)

2 Severe Plastic Deformation (SPD)
3 Cold Pressure Welding by Rolling
* Bonding by Cold Rolling

® Clad Sheet by Rolling
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Table 1 Mechanical properties of commercial purity Copper and
AA5052 Aluminum alloy
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Stacking
Surface preparing l

e

Three layer Al/Cu/Al
composite

Rolling

Fig.1 Schematic illustration of CRB process
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' 1 [ R 2.5mm
: r : R - T 1.2 mm
W 2.5 mm

Fig.2 Dimensions of tensile test specimens used according to JIS
72201

JIS Z220 o il bl yr ooy osliid (2iS y503T (sladiges olul 2 JSCi

4J1S 72201

5 oplaids 17 095 1396 3l o (o0 Suilfo wdiie

S8 s By 4 oad ass poniedll 5 panlis sladiges slp g il
CeS (Soyiz IRl g el i 4 alia loal; sVl
el 00l fuol>
aVaw slagys lp S (Sojiz 5l sl Gln B cnl 50
Dygod (§3,95 Sy Kgm hgyd odd g pgaineglll sl pgainesl]
I3 s 2ppe bl loaisas 5 )T (i Sl eslind b5 029
Sladiges Gl CaSl (Sojiz iny Sl e 3 ol w8 S
Sl St IS8 e it slaanlp o sud ay
Glao (i CaSls (S iz b Gulgl slp Beio ol ) g 009 i
oSS (Ko iz oy 2 ogde el odd (yp (S2350elS SNges Sl
Sy sl shiged LSlan) 5 CwnSh phile mhaw ( Sl olss
oypmacSs (1S slagygel 5l eslinud b (53,95 3 Nigey g, 4 o0
T sy 535S sSsg Soom 3l oaliil Ly (5l 1 S8 45,y (s S

cie 13 Yoo
LB B sy 290 (685 P95y Se g

G (952
L 5052 psiegdl) iogh ol 50 ooliiul 550 olge (Sl olss
Soolarul b (o oo 1 Cwalies b (gl alls (o 5 0 o 1 Calss
Al L Jgaz 50 5 o0 dwloe By Se 0,55a ST j2iS (glo g0

Ll 00

§9385 O s Nigay iyl 3 -1-2
O S (Sejir g Sl ) (Sl el (osn s
Nse 9y 4 ond 3Jg parteesl e psiiiasll 4 aw 59 cslamio
(6 (Al e 5 5052 (3T poionsD) adsl sl wisod «(53,55 3,
alf Sl ad on (B8 yeihes 50 5 Jsb ya e 120 slayl
9 1ol bl ol el o ool lad 1 S 50 (63,55 O e Nigu
Onbo 5 ol Sloslinul b (qe G o 5 (sogieesl] adsl )9 5 ankad
Slbes 5l G g 09bo0 (2135 (207 Ol plem )3 (e g 00D dluid
W S0 b eled 0 oS ok 3V bawsi (2l
L )5 Sl &5 (Ghge 4§y 4w (e g Ngdioo ) 9 0deBl S
S5y 92 S5 )l (Al e |y (590 @Y 5 5052 (3T p gt
w2 3, » gl G 5l Sl sl 4 il al ool JE e
Loy 050 o2 (oo o Lawgs 9 03,5 Eligw Bib ez 5l ) Ladiges
g azgi 85 Culis 1alS 50% b (6955 Wigey e 9 Ngd s
looslel o o b (sloaY adarnST 5l 6 F sl jslaie 4 a8
aa al> o 50 [30] wsl sl 150 1 i wls 3y Sllee 5 gslaw
110 slocShle b5 b 50,5 almy 4 o0 <LBS on 5, slochs
les 53 sl I3 S50 Wa 9 00D 3,58 BBT sles )3 9 Yo e

2950 Sl (poriasl 5 e)

Sl 9 (Sl (plgS (w2 —2-2
2 09d0e 5 pgriaglll sl piangll Vw355 CSlor 51 oy Gaos o0l 5
0903 a4 (Sl plss Sl (Sojiz iy g S (505
P9y Sen gt JLSluny ) (qw)n (g Sen 5 0,5 ST AT

! Uni-axial tensile test
2 scanning Electron Microscopy (SEM)
3 Optic Microscopy (OM)
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Fig.4 CT specimens before fracture test
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Fig.11 Tensile fracture surfaces of Al/Cu/Al composite produced by
CRB process
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Fig.15 CT specimens after fracture test and crack growth path
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