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Abstract

Dual phase (DP) steels are comprised of a soft ferrite matrix and hard martensite islands. They are often
used in automotive applications due to their advantageous combination of high strength and good ductility.
During forming, DP steels can suffer from ductile damage, i.e. the formation and growth of voids, which
typically occur by interface decohesion and martensite fracture [1]. As of now, the void content of a
deformed part cannot precisely be predicted and, therefore, safety factors are used to assure the required
mechanical properties and component lifetime. These safety factors are opposing sustainability and light-
weight design. Consequently, the DFG-funded collaborative research center TRR188 aims at a quantitative
characterization, prediction and control of ductile damage during forming.

In the talk, micromechanical experiments on the plasticity and fracture of single ferrite grains and
martensite islands of two nominal identical steel grades will be presented. While one steel grade exhibits a
low ferrite and a high martensite strength, the other shows a significantly stronger ferrite and lower strength
martensite compared to the first steel grade [2]. This results in huge differences in the void nucleation and
growth characteristics of the two steel grades.

1. Methodology

We used focused ion beam (FIB) based micromechanics to investigate the mechanical properties at the
microstructure length scale. For understanding the plastic properties of individual constituents, we used
3 um sized micro pillars in ferrite (single crystalline) and 1 pm sized in martensite. Besides the behavior of
constituents of the as-prepared samples we also investigated the properties of pre-deformed specimens
(macro strain up to 20%) to shed light on the strain hardening behavior of individual phases.

To understand the void nucleation process in martensite islands we used elasto plastic fracture mechanics
[3]. The micro cantilevers were notched by FIB. To avoid any unwanted plasticity in ferrite we milled an
additional gauge section.

2. Results
The most important findings are:

1) Both DP80O0 steel grades exhibit the same ultimate tensile strength (UTS).

2) One DP grade shows a low ferrite strength and a high martensite strength (large mechanical
heterogeneity). The second one, in contrast, a very high ferrite strength and low martensite strength
(low heterogeneity).

3) While damage nucleation is abundand in the DP grade with large heterogeniety, the number of
nucleated voids in the sample with low heterogeneity is substantially smaller.

4) Samples with large mechanical heterogeneity do not show extensive void growth. In contrast, the
samples with low mechanical heterogeneity exhibits extensive void growth which results in early
failure (less macroscopic uniform elongation and less strain to failure).

5) The strain hardening behavior of ferrite is identified as key-parameter preventing damage growth.
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Fig.1 — The yield strength of ferrite plotted against the global prestrain.
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