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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-O) 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 determineq. Then, an ap_propriate error-function was defined and optimized by using

Forming limit diagram Levenberg-Marquardt algorithm. By c0n3|der.|ng 8, 10,. 12 and 14 amsptropy parameters, thg 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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1- Forming limit diagram

2- Forming limit stress diagram

3- Generalised forming limit diagram
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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
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Table 1 Chemical composition of Aluminum alloy 2024 (%wt.)

Cu Mg Mn Fe Si Zn Ti Cr Ni

4.9 1.651 0.64 0.38 0.14  0.06 0.033 0.03 0.02

% 915 930 945 60 975 990
Oy Oy Oy Oy Oy Oy Oy
1 1.0833 1.0357 1.0238 0.964 0.9047 0.9404
To T1s T30 Tas T60 775 T90
0.71 0.94 0.86 1.14 0.67 0.5 0.66
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Fig. 4The photo of a set of specimens for FLD test
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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] go[-] n[-] m[-]
0

360 0.248 0

2024 p5ingll LT sl g (25w )5 ol slacols 4 Jguz
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 vyield function parameters
for the Aluminum alloy 2024

1z i3 'y c'p3 '3 '3
0.97927 0.94007 0.93713 1.10289 0.98220 1.06076
C'4a c'ss C'e6 c"12 c"13 "1
1.000 1.000 1.03665 0.97927 0.94007 0.93713
€23 c"31 "3z C"4a C"ss 66
1.10289 0.98220 1.06076 1.000 1.000 1.03665

omimes)] ST s YLD2011-18P wiles wls (sois dondins el 6 Jgukr

2024
Table 6 Calculated YLD2011-18P vyield function parameters
for the Aluminum alloy 2024

1o i3 'y c'p3 '3 '3
0.94928 0.89335 0.95388 1.12541 1.25599 0.93314
C'4a c'ss C'66 c"12 c"13 "1
1.000 1.000 1.01776 0.95181 0.89306 0.95465
C"23 31 C"32 C"44 C"s5 66
1.12428 1.25757 0.93023 1.000 1.000 1.01880

omimeg)] ST s YLD2011-27P (il als (sous dmnslons ol yo 7 Jgukor

2024
Table 7 Calculated YLD2011-18P vyield function parameters
for the Aluminum alloy 2024

iz c'i3 1 C'p3 '31 32
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
C"23 31 C"32 C"44 C"ss5 66
1.1284 1.2298 0.9 1.000 1.000 1.02199
CIII12 Cl"13 Clll21 CI"23 C"I31 CIII32
0.99761 1.00163 0.9999 1.00011 1.00002 0.9999
CI/I44 CIII55 CIII66

1.000 1.000 0.9999

|°9"‘""‘°9J—‘ )UT 6‘)" BBC2008-16P p.AJw.a é—’l-’ ) ML?LA “""‘)" 8 Js»\#

2024

Table 8 Calculated BBC2008-16P vyield function parameters
for the Aluminum alloy 2024

O 1O m,® m,® ms® 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
) n® n,? na®

0.36578 0.61764 0.59370 0.70767
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