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E.S. Perdahcıoğlu, H.J.M. Geijselaers, J. Huétink
Cluster 1. Modelling of Forming, project 02EMM30-2
University of Twente, Section Applied Mechanics
P.O. Box 217, 7500AE Enschede, The Netherlands

Introduction

Mechanical tests

Metastable steels (steels that comprise a meta-stable
phase) undergo phase evolution during a mechanical
forming process. The metastable phase in austenitic
stainless steels is austenite, γ , which transforms into
martensite, α0 , under the action of applied strain and
stress. The transformation itself causes additional
straining of the material and the presence of α0 hardens the material significantly.
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Objective
The aim of this project is to develop a
constitutive model that can simulate the
mechanical behavior of TRIP steels under
complex forming operations.

Methods
Thermodynamics

Figure 3: Effect of α0 -free plastic prestrain on the transformation
kinetics.

The experimental results promote the theory of heterogeneous nucleation of martensite. The number
of nucleation sites increases with plastic strain while
the growth of plates is opposed by local stress fields
around the dislocations.
Biaxial

∆Gchem + ∆Gnucl > ∆Gcrit

Figure 1: Ms and the Gibbs free energy curves of γ and α0 dictate
the energy barrier for transformation.

Crystallography

Figure 4: Effect of hydrostatic stress on transformation kinetics.

F tr = (1 − x)T1 + xR(φ)T2
˙
Ḟ tr = I + ξ(sn)
⇒ W i = σ : (si ni )
Figure 2: Relative favorability of grains, based on a homogeneous
stress assumption, calculated from the crystallographic theory of
transformation.

Using the work associated with the transformation of
one variant the mechanical driving force (MDF) distribution can be estimated over the polycrystal.
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The results show that the transformation curves have
the same shape with respect to strain and scale in this
space linearly with hydrostatic stress.

Future Work & Valorization
The theoretical framework which is also supported by
experimental results will be implemented in a constitutive model that can simulate the transformation
progress during metal forming operations.

