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Abstract

This work presents a constitutive model for metastable austenitic steels exh@rng | nduced M artensitic Transformation

(SIMT). Based on the description of the kinetics of phase transformation proposed by Olson and3a@mehlfter generalized to

3D by Stringfellow et al. T] and Papatriantafillou et al4], this model includes the effect of temperatureease on the kinetics of

SIMT and on the thermal softening of the phases. This allows capturing relevant phenomena exhibited by metastable austenitic steels
when subjected to plastic deformation at high strain rates. A systematic procedure for the identification of the constitutive parameters
has been proposed. The predictions of the constitutive description are compared with experiments for the austaigic3del

provided by Rodriguez-Martinez et ab].[ Good correlation between experiments and modglbme achieved in terms of
macroscopic strain-stress curves and volume fraction of martensite formed during straining.

Keywords: austenitic steel, strain induced martensitic transformation, constitutive equation, thermo-viscoplasticity, thermography,
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thermal softening of the phases. A systematic procedure for the
1. Introduction identification of the constitutive parameters is proposed. The
predictions of the constitutive description are compared with
dynamic experiments for the austenitic s#&k| 304 provided

Austenitic grades are the most commonly used stainle Rodriguez-Martinez et al6]] Good correlation between

steels in industry. The high nickel content shifts the martensn@xperiments and modelling are achieved in terms of
start temperature to very low temperatures during cooling,aoscopic  strain-stress curves and volume fraction of
keeping the material fully austenitic after quenching at roomy, - rtensite formed during straining

temperature. This gives excellent work hardening, high '
strength, ductility and formability, as well as good weldability. o L
Some of the less highly alloyed austenitic -and yet largely used- 2. The constitutive description

grades are referred to as metastable because of their ability to

transform from the initial austenite phase to martensite. This Since the variation of temperature is intended to be
transformation may occur in different ways and one of themconsidered in the proposed model, the equations of kinetics of
namely Strain Induced Martensitic Transformat®iMT, takes ~ SIMT due to Stringfellow et al.q] have been modified with a
place when the steel yields at a range of temperatd@sM new exponential law to account for the influence of temperature
that covers many of the in-service conditions reached bghange in the thermodynamic driving force. Thermal strains are
metastable austenitic steels in industrial applications. Thgyen into account, contributing to the instantaneous volume
analysis of such a process therefore presents great interest. Qugyansion that accompanies the martensitic transformation. The
to their ductility and work hardening ability, metastable homogenization process proposed by Ponte Castafpdad
austenitic steels are used for energy absorption in crash or bl quet Bl, and used by Papatriantafilou et aM] [for

protection. ‘The abovementioned processes, Involving higlanstormation Induced Plasticitf RIP) steels, is considered

strain rates, are often accompanied by a rise in temperature dye . . - - .
to the dissipation of plastic work. This means that th?ﬁ’ obtain equivalent properties from the constitutive equations

martensitic _transformation approaches adiabaticity AISOof austenite and martensite. A potential law is used to determine

forming and machining processes, used to shape componerigain hardening, strain-rate hardening and thermal softening of
made of metastable austenitic steels, take place in noHl€ Phases. The temperature increase during straining is
isothermal conditions. This work presents a constitutive modéfPtained through equivalent properties. Within a corotational
for steels exhibitingSIMT, based on the previous works of frame, the classical return mapping algorithm is proposed to
Olson and Cohen 3 Stringfellow et al. ] and solve the set of nonlinear rate equations in a finite deformation
Papatriantafillou et al.4]. The model includes the effect of frame. An implicit scheme is used to correct the trial stress and
temperature increase on the kinetics SIMT and on the to discretize every constitutive equation, and is implemented in



ABAQUS/Explicit to reproduce the experimental results for the 5. Conclusions
considered austenitic steel.

This contribution presents a constitutive model for

3. Identification of the constitutive model describing the martensitic transformation occurring in
parameters metastable austenitic steels at high strain rates. The model
extends formulations of Olson and Coh8&]y Btringfellow et al.
The identification procedure is split into two parts: [71 and Papatriantafillou et al. 4], including both the

temperature sensitivity of the single phases and the temperature
Identification of the material parameters involved into thesensitivity of the transformation. A straightforward method for
strain hardening/softening definition of the single phases.  the model calibration has been developed. The predictions of
determination of the strai, rate and temperature sensitivities ofh€ constitutive model agree with experimental results in terms

the phases)This is supported by the experimental data reporte@f macroscopic stress-strain curves and volume fraction of
in[1, g. martensite formed during loading.

Identification of the material parameters involved in the ki-Acknowledgements
netics of theSIMT process. This is conducted following Iwa-

moto and Tsuta’'s work?] and based on the experimental ob-  The researchers of the University Carlos Ill of Madrid are

servations reported by Rodriguez-Martinez et@lL. indebted to the Comunidad Auténoma de Madrid (Project
CCG08-UC3M/MAT-4464) and to the Ministerio de Ciencia e
4, Validation of the constitutive model Innovacion de Espafia (Project DP1/2008-06408) for the finan-

cial support received which allowed conducting part of this
In this work, results from dynamic tensile tests performedNOfk-

by the authors within the range of strain rates' <¢< 500" 3
[6] have been considered to conduct the validatior Xtray  References
diffraction technique has been used to determinevdieme
fraction of martensite in the post mortem specimens, leading fd] Huang G. L., Matlock D. K., Krauss G. Martensite
a good validation ofhe transformation kinetic$]. Moreover, formation, strain rate sensitivity, and deformation behavior
let us mention that the range of loading rates covered during the of type 304 stainless steel shebtetall. Trans. A,203
experiments agrees with that expected in engineering applica- 1239-1246, 1989.
tions like crashworthiness, in whidfRIP steels are frequently
used. Numerical simulations of the dynamic tensile tests ha
been conducted. It has to be highlighted that considering a vis-
coplastic material model acts as a regularization method for - o
solving mesh-dependent strain softening problems of plasticity. Ntérnational Journal of Plasticity.11, pp. 1583-1606,
Rate dependent plasticity introduces implicitly a length-scale 2002.
parameter into the boundary value problem, diffusing the localif3] Olson, G.B., Cohen, M., Kinetics of strain-induced
zation region. It guarantees a good definition of the problem, = martensitic nucleationMetallurgical Transactions ABA,
avoiding pathological mesh dependency and ensuring the pp. 791-795, 1975.
uniqueness of the numerical solution. Good correlation between

Jg] Iwamoto T., Tsuta T. Computational simulation on
deformation behaviour of CT specimens of TRIP steel
under mode | loading for evaluation of fracture toughness.

experiments and modelling are achieved in terms of macroscofft] Papatriantafillou, 1., Aravas, N., Haidemenopoulos, G.,
ic strain-stress curves and volume fraction of martensite formed Finite element modeling of trip steelS{eel Research Int.
during straining, Fig. 1. 75, pp. 732-738, 2004.

[5] Ponte Castafieda, P., New variational principles in plasticity

1280 T ——— e e and their application to composite materidlsMech. Phys.

; * Experiments [Rodriguez-Martinez et al. 2011] é Sollds 401 pp 1757'1788, 1992

Numerical simulation

1000 ¢ [6] Rodriguez-Martinez J. A., Pesci R., Rusinek A.

E Experimental study on the martensitic transformation in
E AISI 304 steel sheets subjected to tension under wide ranges
of strain rate at room temperatuiaterials Science and
Engineering A'Submitted for Publication)

[7] Stringfellow, R.G., Parks, D.M., Olson, G.B., A constitutive
model for transformation plasticity accompanying strain-
E induced martensitic transformations in metastable austenitic
Material: AISI 304 E steels Acta Metall Mater40, pp. 1703-1716, 1992.
i i |

0 01 0,2 03 04 05 0,6 [8] Suquet P., Overall properties of nonlinear composites:
True strain, € remarks on secant and incremental formulations.
Micromechanics of plasticity and damage of multiphase

. . . i materials (IUTAM Symposiumieds: A. Pineau, A. and A.
Figure 1. Comparison between numerical predictions of Zaouil 149(_156 199{3_ posiumg: nead

the FE model and experiments at 106 and £=293 K
[6].

750 E
E stress contour
500 ,

True stress, o (MPa)

250




