202-192 oo 1 o plouis (16 093 1395 13359 38 ()0 Suilo wIdgo Alxo

93 rale dsliale =
—5; =

< . -EI. F—

OV o0 S0 (Swiigeo = & =

=L1\=

mme.modares.ac.ir T s

(SDIIRY A 510905 9 A4 iy ld S sLRo Ll g0 Lo (G995 9 (2 (W) ¥
2024 p guisngd T 3UIT

S 9l ) gaiyaeus sase 2 Al ousais M 94l (S04

RS e owsb ol pas axlgs o oKty ( Sle awige sl ¢ Ly =1
ul).ee 4&9]4» u)..\.").um 4>‘9> (S0 oKl (Sl (W 0aSisly ‘.\w)l quw)lS -2
mzohoor@kntu.ac.ir 19395 -1999 ., sedio (lps *

baSs Ao cleMb!
0, dlS g (9] Camddy Cagn .l o0 pll 2024-0 ooyl SUT 2o IS5 do jlbges i (255 9 (555 (sadllae dlis oyl Jol8 omg; i
15 LS Cans BBC2008-16P  YLD2011-27P .YLD2011-18P .Y LD2004-18P (g iy sk (sl slens ol p (53905 ig:j ” ég el
) 2 WLA L;Ua> é)l; I JJ.))S Cl)zwl )Ul LSJ)SAWL: w‘).«o 9 > p.«l/w) dl—mw W) rebo‘ D) S>> Cuno wa 7 1394 € 16 :C;..s“L.))b £|)|
1o b yzel )y ol 536 g0, 55kanls y2ol)ly 14 512 A0 8 53,5 iy b ad (gjluodige ©sS Lo =S yig) win)s 1 oolil | 5 o3 Sl
L MLL;Q s é’l-’ dl)b-l 2 db)iwb )ml)l.’ 14 )l adlawl & ]09.,).9 d‘)Do‘ u))a.of 9 el ) W W)X W.A.Lu.’ ésly 8 L;QJJS‘«;»W
Hlao Hlon o A0S asuie Wb edp Sa SIS g, 0l duslbre 9 (0,58 (69,50kuedl Col b g paded (slaplSoninl (sduslio jolaie el jlme
calps 9 YLD2011-27P jlo b walis (cloplSioiol i st b3 o ]yl 00y565 polie dy (35 iyt ks sboplSocial (gl MK J

s a5

G o oy @IS o JIdged 09l Cnds g 3 o35 slaodly b i (o5 YLD2004-18P jlse b (63,55kuacnls
098 (St joSm Syl gord Mol Juo (gis layi)S samlne 5 (8 (255 (o ilwand (A plx] LT
A ody 484, BBC2008-16P 4 YLD2011-27P YLD2011-18P YLD2004-18P s mius mly 5 Cutgw (S Sgbcow
515 YLD2011-27P Jens iwriyiog i ot 35 3 YLD2011-27P 5 YLD2004-18P sl omo sz siog FLD ol Camo 3

Dl oy el b (g yipe

An experimental and theoretical investigation for determination of advanced
yield criteria parameters and forming limit diagram of Aluminum alloy 2024
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this article, an experimental and theoretical study on the prediction of forming limit diagram (FLD)
Received 07 October 2015 for aluminum alloy (2024-0) is developed. To identify and calibrate coefficients of YLD2004-18P,
Accepted 29 November 2015 YLD2011-18P, YLD2011-27P and BBC2008-16P advanced yield criteria, tensile tests were performed

Available Online 06 January 2016 in seven directions with respect to the rolling direction. Directional yield stresses and anisotropy

Keywords coefficients were determine_d. Then, an ap_propriate error-function was defined and optimized by using

Forming limit diagram Levenberg-Marquardt algorithm. By conS|der_|ng 8, 10,_ 12 and 1_4 anisotropy parameters, the_ gffect _of

yield criteria number of parameters on the accuracy of yield functions was investigated. The best condition with

MK model minimum error can be achieved when 14 anisotropy parameters are used. To compare the calculated

error-function yield stresses and r-values with experimental data, a method presented by Leacock was used. The
results have shown that all four criteria give predictions of yield stresses which are close to
experimental values. The prediction of yield stresses and anisotropy coefficients by means of
YLD2011-27P and YLD2004-18P criteria have more correlation and good agreement with the
experimental data, respectively. For obtaining experimental FLD Nakazima test was performed. In
order to simulate the necking phenomenon and calculate the limit strains, the modified Marciniak-
Kuczynski (MK) model, Swift hardening law and some new yield criteria including YLD2004-18P,
YLD2011-18P, YLD2011-27P and BBC2008-16P were utilized. At the right hand side of FLD,
YLD2004-18P and YLD2011-27P criteria and also at the left hand side YLD2011-27P criterion have
shown better conformity with experimental results.
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Table 1 Chemical composition of Aluminum alloy 2024 (%wit.)

Cu Mg Mn Fe Si Zn Ti Cr Ni

4.9 1.651 064 038 014 0.06 0.033 0.03 0.02
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Fig. 3 Experimental stress (MPa)- strain curves of the
investigated alloy
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Table 2 Experimental values of yield stresses and anisotropy
coefficients of Aluminum alloy 2024

% 915 30 Jas Je0 I7s o0
Oy Oy Oy Oy Ty Oy Oy
1 1.0833 1.0357 1.0238 0.964 0.9047 0.9404
To Tis T30 T4s5 T60 75 T90
0.71 0.94 0.86 1.14 0.67 0.5 0.66

on e -

Fig. 4 -'i'he'p'hoto of a set of speéi merislfgr' LD test

FLDM&L@@W)‘GJM;&:);&.A?Z‘-JS.M

1 o )louis 16 )9 1395 L-)._g.))})é (RIS Sulle S

« 28020 >
Y -
OI c 1 I 12.
N Vel
50 12.5

Fig. 1 Dimensions of tensile test specimens(mm)
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Fig. 2 Circle grid pattern etched on the surface of the
specimens: (a) before deformation and (b) after deformation
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Table 3 Swift hardening law constants for the aluminum alloy
2024

K[MPa] &[] n[-] m[-]
0

360 0.248 0
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Table 4 Voce hardening law constants for the aluminum alloy
2024

A[MPa] By[MPa] C[-]
214.5 132.3 25.76
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Table 5 Calculated YLD2004-18P yield function parameters
for the Aluminum alloy 2024

12 i3 o1 c'z3 '3 '3
0.97927 0.94007 0.93713 1.10289 0.98220 1.06076
C'4a c'ss C'66 c"12 C"13 "1
1.000 1.000 1.03665 0.97927 0.94007 0.93713
C"23 c"31 C"32 €44 C"ss5 66
1.10289 0.98220 1.06076 1.000 1.000 1.03665

osmims)] $1 s YLD2011-18P o les wls (sois domins ol 6 Jguir
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Table 6 Calculated YLD2011-18P vyield function parameters
for the Aluminum alloy 2024

12 c'i3 'y 'p3 '3 '3
0.94928 0.89335 0.95388 1.12541 1.25599 0.93314
C'4a C'ss C'e6 c"12 c"13 "1
1.000 1.000 1.01776 0.95181 0.89306 0.95465
C"23 c"31 "3z C"4a C"ss C"e6
1.12428 1.25757 0.93023 1.000 1.000 1.01880

osmimog)] $1 sl YLD2011-27P ol ls (sois dmmslons ol o 7 Jguior
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Table 7 Calculated YLD2011-18P vyield function parameters
for the Aluminum alloy 2024

12 i3 o1 C'p3 '3 '3,
0.93500 0.88470 0 1.12838 1.22986 0.90058
C'4a C'ss C'e6 c"12 c"13 "1
1.000 1.000 1.02199 0.93500 0.88470 0.94340
€23 c"31 "3z C"4a C"ss 66
1.1284 1.2298 0.9 1.000 1.000 1.02199
C"’12 C’"13 CHI21 C/l123 CIII31 CIII32
0.99761 1.00163 0.9999 1.00011 1.00002 0.9999
CIH44 CIIISS CIH66

1.000 1.000 0.9999

agmiall ST (g1, BBC200B-16P yules als (sois dmmline sl 8 o>
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Table 8 Calculated BBC2008-16P yield function parameters
for the Aluminum alloy 2024

1O 1O m,® m,® m,® n,®
0.57653 0.71457 0.41943 0.48952 0.21377 0.57326
n,® na® 1,@ 1,® m,@ m,®
0.69681 0.60440 0.58931 0.58562 0.38806 0.33127
me® n,® n,@ n:@

0.36578 0.61764 0.59370 0.70767
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