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ABSTRACT- The aim of this work is to develop aDEVELOPPED MODEL: The predictive character of the
dislocation density based model for IF and DP stéwt model is achieved trough a set of physically-based
incorporates details of the microstructure evolutad the parameterskg, k2, 2 andng) which is specific for metals
grain-size scale. The model takes into accountth@® from the same grade, where:

contribution of the chemical composition for thegtiction

of the initial yield stress, (i) the descriptiori mitial ki stands for the dislocation storage rate which
texture anisotropy by incorporating grain-size defst results in hardening.

aniso_tropy coefficient_s in Hi_II’48 yielpl criteri_or(iii) the « k, stands for the dislocation annihilation rate
contribution of three dislocation density “familighat are which results in softening.

associated with forward, reverse and latent strastult
reﬁroduc?s _the rtr;]acr0ﬁcop|c transient b(_arr;]aV|orsr‘¢§Idlse . N is the critical number of dislocations that have
when stran-pa changes — occur. € model IS been stopped at the boundary on a given slip
implemented in FE code in order to assess its gtigdi band
capabilities in case of industrial applications. '

e /1 stands for the dislocation spacing.

This parameter set enables the work-hardening’avietr
prediction of other metals from the same grade hly o
modifying mean grain siz@ and initial yield stres¥p.

She model consists on a combination of isotropid an
kinematic hardening contributions. Based on theMaes

criterion, the yield functionf is given by:

INTRODUCTION: Several experimental studies
reported that transient regimeise( Bauschinger effect,
work-hardening stagnation and softening) in th
macroscopic behavior can be attributed to the ¢ioolwf
the underlying microstructural details, such asodition
structures (Gardegt al. [2005]). Moreover, during sheet
metal forming processes local material points may

experience multi-axial and multi-path loadings. En f = ¢(6 —X) -(Y,+R) =0, (1)

many researchers focused on physically-based mtudsls

take into account the consequence of the evolutfahe ] ) ]

dislocation structures on the macroscopic behawiorder Where X denotes the kinematic hardening afi the
to predict the effect of strain-path changes. Hawewhen isotropic hardening, is the initial yield strength and is a

dealing with industrial applications, some othemsteaints  fnction of the chemical composition and the megaing

are imposed. Indeed, models (i) have to be usendty _. : . ; .
with limited number of material parameters withosty sizeD. ¢ is a function of the Cauchy stressgiven by:

physical relevance; (ii) should consider “simple”
measurable microstructure data such as grainsizput; 3, ., ,
and (iii) should be time-efficient (low CPU time$)ence, ¢(0 - X) = \/E(G _X) : (6 _X) : (2
in the present work an innovative approach thatiately
estimates steels behavior by only changing few ) ) ) ] )
microstructure datae(g. chemical composition, grain 1he evolution equation for the kinematic hardeniag
size...) is proposed. The phenomenological hardenifve€n by an Armstrong-Frederick’s saturation law:
model developed in this work incorporates detaflshe 5

microstructure evolution at the grain-size levetdsh on VIR P :

Kocks-Mecking’s approach in order to realistically X =2CXuD"-Cy XA, (3)
reproduce the experimentally observed transientthén

macroscopic behavior of IF and DP steels afteirspath
changes. where C, and X_, are material parametersC,

characterizes the saturation rate of and X,



characterizes the saturation value”éf” . DP stands for
the plastic strain rate and is the plastic multiplier.

Hereafter,(c) stands for the objective rate.

According to[1] and [2],

C, =f(A,b,ny) ”
X_ = f(M,,b,n,,D) @

extended to  ABAQUS/Explicit  through the
implementation of a VUMAT subroutine in order tsass

its abilities to predict the material behavior. Ttss-
shape drawing is used for the thickness comparisons
between simulations and experiments.

The die design and blank configuration is showRigure

1. A 800kN drawing hydraulic press is used withlank
holder force of 350kN. The square blank size hanbe
chosen to be 300x300mm. The punch and die radiegal
are respectively 20mm and 14mm. Punch, blank haider
die are made of uncoated hardened tool steel. Terkd

whereu stands for the shear modulbior the magnitude were lubricated with grease and Teflon. Limited giole
of the Burgers vector arid is the Taylor factor and takes drawing depth is around 50mm for the given blanks.

into account the texture developmeMt=).

The isotropic hardening is given by:

R=Mawub\/p,

wherea is a constant andis the dislocation density.

(%)

Dislocation density evolution is given by:

(d—ﬁj =M (ko ~k0)

(6)
de’

According to [1] and [2], Eqg. 5 is equivalent t&¥ace
rule in which:

{CR =f(M,k,)

_ , 7)
Ra = f(M K ky,a,14,0)

where CR and R_, are Voce rule’s material parameters,

R, being the asymptotic value of the isotropic handgn

stressR at infinitely large plastic strain anﬁiR controls
the rate of isotropic hardening.

PROCEDURES, RESUL TS AND DISCUSSION: After
realizing mechanical tests that
macroscopic transient behaviors under monotonierse
and non proportional loadings, the predictive céjiss

of the developed model are validated on a set rd i
steels with average grain sizes between 8 apcth4@nd a
set of eight DP steels with different martensitéuute

fractions and average grain sizes between 1 amoh1Bor

each categoryi.e. single phase ferrite steels or dual phase

ferrite-martensite steels), the material paramedegsfirst
identified for one “reference” steel (Fig. 1)g( for a given
microstructure data). Therefore, the macroscopiabiers

for the other steels are predicted by only changing

microstructural data (chemical composition, fereted/or
martensite grain sizes, martensite volume fractmal

enable displaying

Experiments have been performed at a drawing spéed
60mm/s. shows a typical drawn blank. The blanksehav
been marked with a 2mm dotted pattern (Figure &) an
forming analysis have been performed with the ARGUS
strain measurement system with a +1% strain acgurac
(Figure 4). It measures deformations in deep-drpants
and calculates material strain using optical meagur
techniques.
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Figure 8. Results of the microstructural model
identification procedure: IF steel (up) and DP ktee
(down).

chemical composition). Such an approach reduces the d visuall he d h .
time-consuming mechanical tests and identificatioral‘RGUS_ processes and visualizes the data gat (_eeraam
procedures. to obtain an image of the distribution of straimsthe

measured part. The material thinning is measuredgal

The developed microstructural phenomenological tisde € directions (i.e. rolling direction RD, diagsn



direction DD, normal direction ND) as depicted igife Hence, on the one hand, it was noticed that a good
3 with the SOFRANEL thickness measurement systesstimation of r-values in highly anisotropic IF eteis
(Figure 4). This experimental setup is constitubgdan suited for simulations accuracy. On the other hdp,
ultrasonic transducer. The transducer is excited aby steels turned out to be less sensitive to r-vadsésation.
pulse/receiver (SOFRANEL 25 DL). Thicknessis ofstai Such observations lead us to the following perspecas

in function of wave’s displacement velocity in thiank. anisotropy of materials evolves during deformatian,
Thickness accuracy is of £0.01mm. evolutionary Hill'48 physically-based yield criten could

be developed by introducing the evolution of r-esu
The finite element simulations exhibit good preidiet

capabilities in terms of thickness distributionaw@fin,  Forming Limit Diagrams (FLDs) have been empirically
forming loads (Fig. 2 left). The simulations empheshat  constructed to describe the strain states at whiblghly
the effect of strain-path changes on thicknessiligton |ocalized zone of thinning, or necking, becomesbléson
becomes relevant only when the amount of the etgniva the surface of sheet metals. FLDs can be experathgnt
plastic strain is high enough (Fig. 2 right). Alslois work  optained through Marciniak Stretch test, which is a
allowed confirming that the role of the yield crite is as  modified dome test. It was designed to overcomséhere
significant as that of the hardening model. strain gradients developed by the traditional ddests
using a hemispherical punch (e.g. Nakajima tesgn
automotive manufacturers use Marciniak Stretchdes
validation tool before simulating real parts.

2

18+
The work described is an implementation [2] of a 3D
dislocation based model in ABAQUS/Explicit together
with its validation on a finite element (FE) Marigh
Stretch test. In order to assess the performanck an
relevance of the 3D dislocation based model in the
simulation of industrial forming applications, FLB&l be
plotted and compared to experimental results fierdint

IF steels.
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CONCLUSIONS: A dislocation density based model that
incorporates details of the microstructure evoluta the

‘ L ‘ | grain-size scale is developed and aims to desdfibe

0 20 40 60 80 100 120 140 160 monotonic and transient work-hardening behavioiFof
and DP steels observed experimentally when straiih-p
changes occur. The model is implemented into ABAQUS
via a user subroutine VUMAT in order to assess its
' ' ‘ predictive capabilities and time efficiency. Théeef of
Drop of pr = ,‘ strain-path changes modeling during complex deep-
Sj[ram path ! drawing is investigated.
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