Accepted Manuscript =

European Journgl of
Mechanics

Prediction of the mechanical behaviour of pearlitic steel based on microcompression ’M_ﬁ;ohrb
N

tests, micromechanical models and homogenization approaches

Magnus Ekh, Nasim Larijani, Erik Dartfeldt, Marlene Kapp, Reinhard Pippan

ae/eimsol

PII: S0997-7538(17)30469-2
DOI: 10.1016/j.euromechsol.2017.09.013
Reference: EJMSOL 3498

To appearin:  European Journal of Mechanics / A Solids

Received Date: 12 June 2017
Revised Date: 25 September 2017
Accepted Date: 26 September 2017

Please cite this article as: Ekh, M., Larijani, N., Dartfeldt, E., Kapp, M., Pippan, R., Prediction of the
mechanical behaviour of pearlitic steel based on microcompression tests, micromechanical models
and homogenization approaches, European Journal of Mechanics / A Solids (2017), doi: 10.1016/
j-euromechsol.2017.09.013.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.euromechsol.2017.09.013

Prediction of the mechanical behaviour of pearlitic steel based on
microcompression tests, micromechanical models and
homogenization approaches

Magnus Ekh** Nasim Larijani®, Erik Dartfeldt®, Marlene Kapp®, Reinhard Pippan®

@Department of Industrial and Materials Science, Chalmers University of Technology
SE-412 96 Gothenburg, Sweden
bErich Schmid Institute of Materials Science, Austrian Academy of Sciences
Jahnstr. 12, 8700 Leoben, Austria

Abstract

In this paper, results from microcompression tests on pearlitic steel pillars are used to deter-
mine properties of cementite and ferrite. Pillars with different orientation of the cementite
lamellae have been tested to distinguish model parameters of cementite and the ferrite in
two different micromechanically based models of pearlite. Both models are based on the as-
sumption that the yielding is primarily caused by shear of the ferrite between the cementite
lamellae. In the first of these models the cementite and ferrite are modelled individually. The
second model is a mesomodel of a cementite lamella together with the surrounding ferrite.
Based on these micromechanically based models different homogenization approaches are
adopted to obtain the macroscopic behaviour of pearlitic steel. During deformation of the
pearlitic steel anisotropy evolves which is assumed to be governed by the re-orientation of
the cementite lamellae during the deformation. The most fundamental homogenization ap-
proach that is studied is a 3D grain structure where the fluctuating displacement field within
the grain structure is solved by using Finite Element Method (FEM). The re-orientation of
the cementite lamellae is governed by the deformation of the grain structure. In the in-
vestigated analytical homogenization approaches the re-orientation is assumed to follow the
areal affine assumption where the normals of the cementite lamellae are convected with the
macroscopic deformation gradient. Numerical results for the different models and homoge-

nization approaches, when subjected to simple shear loading, are given and comparisons of
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