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Abstract.

Bron and Besson yield criterion has been usedvesiigate the plastic anisotropic behavior of
an aluminum alloy AA5086. The parameters of thisainopic yield model have been identified by
two different methods: a classical one, consides@geral homogeneous conventional experiments
and an exploratory one, with only biaxial test.this paper, the parameter identification with
conventional experiments has been carried out wiihxial tensile tests and simple shear tests in
different orientations to the rolling direction amith a hydraulic bulge test. For comparison’s sake
Hill's 48 yield function has also been calibratewhlgtically from uniaxial tensile tests. Numerical
simulation for the cross biaxial test has beeni@arout with the anisotropic parameters identified
from the conventional tests. From this simulatiive principle strains along a specified path in the
gauge area of the cruciform specimen have beemaeal. A good agreement is observed between
experimental and numerical values of principalisgdor a large range of strain paths.

Introduction

Sheet metal forming represents a class of impopemtesses widely used in the manufacture
industry. Sheet metals usually exhibit a plastis@nopy due to previous processes like rolling and
annealing. To optimize the numerical simulationh&fse forming processes, a precise description of
the plastic behavior is required. Yield functiong drequently applied to describe the material
behavior and to take into account the initial amgwy and hardening for the subsequent evolution
with plastic strain. Yield functions can contairhigh number of parameters. The calibration of
these parameters requires many mechanical tests diffierent loading modes. The classical
approach is to identify the yield criterion paraemstfrom initial yield stresses and anisotropy
coefficients. Barlat and co-authors [1] calibratbe yield function Yld2004-18p with uniaxial
tensile tests and hydraulic bulge test. To identifg parameters of BBC2002 yield function,
Banabic et al [2] used uniaxial tensile test arabsrbiaxial test. The cruciform specimen is used to
obtain the uniaxial flow stress in rolling directi@md transverse direction. The biaxial stress is
obtained by dividing the measured force by an &ffecarea. The limit of this approach lies in the
imprecision of the determination of the initial idestress due to the difficulty to define the efiee
area. Another approach consists in a parameterifidatibn over the temporal evolution of
experimental data. Zang et al [3] considered a coatilnn of stress level in uniaxial tension, simple
shear test, Bauschinger test and bulge test toifigéme Bron and Besson yield function [4].



In the present article, the plastic anisotropy fAA5086 is characterized from conventional
experiments: uniaxial tensile test, bulge test sinthle shear test. From these conventional results,
2 yield functions have been identified: the welblm Hill's 1948 yield function [5] and a more
sophisticated one, the Bron and Besson yield fanctrinally, a biaxial tensile test on a cruciform
specimen is proposed. The identified Bron and Begsgld function is then introduced in the FE
model of the biaxial tensile test. Comparison betwexperimental and numerical results of
principal strains along a specified path is perfedmit is shown that the cross-biaxial test invelae
large range of strain paths.

Mechanical behavior of AA5086 sheets of 2 mm thiclass

Assuming orthotropic symmetry(x,y,z) are respectively the rolling direction (RD), the

transverse direction (TD) and the normal direct{diD). In the frame of a uniaxial tensile test,
(X',y',Z') are respectively the elongation direction, thensv@rse direction and the normal

direction.

Hill's 1948 yield function.
Hill's 1948 orthotropic yield function is writtemithe following form:

W=F(o,-0,)+G(0,-0,)+H(0,-0,)° +2La}, +2Mo, +2No;, =7 =Yy (1)
where ¢ denotes the yield functiorg is the equivalent stresy, a reference yield stress of the
material, F, G, H,L,M and N are material parameters. With the conditi@+ H =1, and plane
stress condition &, =o,, =0, =0), three independent anisotropic parameters havebeto
identified (F,G and N ):
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Hill's parameters can be calculated by three aropat coefficientsr, (9 =0, 45, 90°) defined by:
£,y
r, =2y (3)

Bron and Besson yield function.
Bron and Besson proposed a 16 parameters yieltidanehich is in the form:

t//:iak(ﬁk)a =% =Yg (4)

The yield functiong consists in two convex functions® are positive coefficients, the sum of
which is equal to 1" are expressed in the form:
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wherea, b', b> anda' (a?=1-a") are four isotropic parameters which define thapghof the
yield surface.§ are the principal values of the transformed stdm&atorss'jk , defined by:
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where ¢ are 12 parameters which are related to the anjgpwf the material. There are a total of
16 parameters in Bron and Besson yield model. &melstress condition, the parameter number
reduces to 12 witleX =¢f = .1

Material data.
In this work, the parameters of the Bron and Besgeld function described above have been
calibrated by: three yield stresses,( g,, and g,,) and three anisotropic coefficients ( r,, and

Iy ) Obtained from the uniaxial tensile tests in dife orientations; three simple shear stressgs (
r,, andry,) from three simple shear tests in different oaéions; an equi-biaxial yield stresg,()
and a biaxial coefficientr() from biaxial tension (bulge test).

Material parameter identification.
In the plane stress conditiom,,,, o

With the associated flow rule:
e =A% )
00
Strain increment can be written in the form of gi&inction gradient:

w:» Oy and o, are the only non-zero stress components.

oy 9y 0
do,, 00,
& =) oy oy 0 (8)
do, do0,
0 0 _(_6(// +_0(// )
do,, 00,

Suppose that the uniaxial tensile test is perforaledg a direction defined by an orientation angle
6 from the rolling direction. Then the anisotropaetficient r, which is associated with orientation

angle @ can be calculated by:

= Eyy - sin’ H(a%axx) ] SiHZH(G%JXy) * cos H(a%aw) 9)
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The biaxial coefficient, is calculated in the form:

: a% (10)
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The identification process can be carried out byimizing the following cost function:
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whereY, is the reference yield stress determlned by the fitress along rolling dlrectlomgXp and

r,? are respectively measured anisotropic coefficiamid biaxial coefficient T (Eqg. 9) andr,

(Eq. 10) are predicted anisotropic coefficients dmaxial coefﬁments,agj, o, and 7, are

equivalent stresses obtained by the definitioni@ftlyfunction (Eq. 4) and expressed in terms of the
measured yield stressz; ),biaxial stress ¢, ) and shear stresg /). A weight coefficient is given

to the shear stress since the uncertainty of therm@eation of the initial shear stress.

The major task lies in the optimization of the afrigpic parameters to minimize the cost
function. The algorithm Broyden—Fletcher—Goldfarbano (BFGS) is preferred here. BFGS is an
approximate Newton's method, which is a hill-clindpoptimization.

Application for AA5086.

Experimental material data for AA5086 is given iable 1. The initial yield stress for uniaxial
tensile test is determined at the onset of a nwality on the equivalent stress versus equivalent
strain curve. For simple shear test and hydrauligétest, the initial yield point is determined by
the offset equivalent plastic strain 0.2%. The atngpic coefficients (;, r,, Iy,) are defined as the

average value in an equivalent plastic strain rdraya 5% to 15%.

Table 1. Material data

YO JO 045 090 Jb TO T45 TQO r.O r.45 r.90 r.b
[MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa] | [MPa]
135 135 131 131 122 59.7 63.3 61 o42 059 0.45 31.0

The 12 parameters of Bron and Besson yield functaltulated from the experimental data
presented above are given in Table 2.

Table 2. Anisotropic parameters of Bron and Begseld function

Bron and Besson yield function
1 2 2 2 2

a | a | b | b | g | ¢ ||| ¢ | g | &g
0.234 13.174| 53.026 39.83p -1.120 -1.112 2.138 82)01.147| 1.056 0.874 -0.963

As a comparison, Hill's 48 yield criterion has besafibrated by the three r,;, ry,) values :

Table 3. Anisotropic parameters of Hill's 1948 giélinction
Hill's 1948 yield function

F G H N
0.657| 0.704 0.29¢  1.484

Figs. 1 to 4 show the results for both Bron andsBasand Hill's 1948 yield functions. Both
functions well predict the anisotropic coefficienEor the uniaxial yield stresses, Bron and Besson
yield function describes them well, while Hill's 48 yield model has not the ability to adjust its



variation. For the shear stresses, comparing wiibegmental values, Bron and Besson yield
function shows a little overestimation but has adydescription of their variation. The associated
yield surfaces for the two yield functions pressghificant differences.
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Fig. 3 Experimental and predicted shear stress Fig. 4 Predicted yield surface contours

Biaxial tensile test

To simplify both the design of the experimentalati@se and the calibration of anisotropic
parameters of the yield function, a second methaskdh on a cross biaxial tensile test is currently
investigated. This test seems particularly intémgssince different strain paths can be obtained
simultaneously with a unique specimen. Up to n@w Wworks have been focused on the parameter
identification of yield function from the biaxiaénsile test. Green et al [6] have performed cross
biaxial test with seven different proportional patb identify the parameters of the yield functions
which couldn’t be identified by uniaxial tensilesteTeaca et al [7] proposed to identify the FMM
yield function [8] in combining results of uniaxi&nsile tests and cross biaxial test. Only two
parameters of the yield model were calibrated frarstrain analysis of the central part of the
cruciform specimen.

In this paper, the potential of the biaxial teng#dst on a cruciform specimen is analyzed. A
cruciform specimen shape has been designed andowgnsin Fig. 5. Experiments on a servo-
hydraulic testing machine have been performed \witoonstant velocity ratios, /v, = rim/s

imposed on the four arms of the cruciform speciméne central zone of the specimen is filmed by
a camera and a digital image correlation (DIC) mécks used to compute the in-plane strains.



ittt

y

L.
A : C/

70
i

2ARE N

Fig. 5 Geometry of quarter cruciform specimen Fig. 6 FE boundary conditions

Finite element simulations of the biaxial test haeen carried out with the commercial software
ABAQUS. The anisotropic behavior of the materiairisdeled by Bron and Besson yield function
implemented through the user subroutine UMAT wihik parameters calculated above (Table 2).
Due to the symmetry of the cruciform specimen, oalyjuarter of the specimen is modeled.
Displacementsd, =d, =4mm are imposed on two arms of the cruciform specirdenng the

simulation process. As presented in Fig. 7, thegyual strains at the nodes along the diagonal path
OA (Fig. 5) in the gauge area of the specimen hlawen obtained and compared with the
experimental values. The predicted principal sgare quite close to the experimental ones.

Fig. 8 presents the experimental and predicted adtihe principal strains along the path OA. As
can be seen, the gauge area of the cruciform spacgontains a large range of strain path: from
equi-biaxial to uniaxial strain path, which can particularly interesting for the parameter
identification instead of the above tests used he tonventional approach. The parameter
identification process with only cross biaxial tdémsest will be carried out in next research works
by minimizing the experimental and FE simulatesh@pal strains along different paths.
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Fig. 7 Experimental and predicted principal Fig. 8 Experimental and predicted principal
strains along a diagonal path strain ratio along a diagonal path

Conclusion

This research work focuses on the anisotropic pet@ntalibration of Bron and Besson yield
function used to investigate the plastic anisotrdy@havior of AA5086 sheet. The parameters of the
yield function have been calculated from a classap@roach based on three uniaxial tensile tests,
three simple shear tests and a hydraulic bulgeNesherical simulation of the cross biaxial tes$ ha
been performed with the parameters obtained bydlaissical approach. The predicted principal
strains along a specified path in the gauge argheotruciform specimen are in good agreement



with experimental ones. Based on this cross biaeiasile test, a new identification procedure of
the anisotropic parameters of Bron and Besson fugldtion will be proposed in future works.
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