A micromechanical model for ductile damage
Citation for published version (APA):
Engelen, R. A. B., Peerlings, R. H. J., & Geers, M. G. D. (2004). A micromechanical model for ductile damage.
Poster session presented at Mate Poster Award 2004 : 9th Annual Poster Contest, .

Document status and date:
Published: 01/01/2004
Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 13. Apr. 2021

12

A micromechanical model for ductile damage
Roy A. B. Engelen, Ron H. J. Peerlings, and Marc G. D. Geers
Eindhoven University of Technology, Department of Mechanical Engineering, Netherlands Institute for Metals Research (NIMR)

Introduction

Evolution of damage

During the forming of a metal the initial material is damaged.

From these kinematics the following evolution laws can be
derived for both damage parameters
f˙ = [1 − f ] tr(D) = [1 − f ] Dv


Ṡ = Fd (S, f ; c1 , c2 ) Dd + Fv S, f ; c3 , c4 Dv

Unit cell simulations
Figure 1 Material degradation due to microvoids during a
forming process.

The material degradation determines both the quality/shape
(e.g. cutting) and the residual properties (e.g. forging) of the
final product. A good understanding and accurate modelling
of the underlying micromechanical processes allows for an
accurate prediction of the evolution of ductile damage.

Acquiring quantitative experimental data of ductile damage
is quite intricate and the numerical verification of the evolution laws is utilised instead. Only two specific loading cases
are sufficient to determine a parameter set ci that shows a
quantitative agreement with the unit cell simulations.

Micromechanical model for void growth
Geometry
The void is represented by an elliptical shape that is surrounded by a ring of matrix material.

Figure 3 Comparison of analytical and numerical damage evolution; influence of initial void size (left) and shape (right).

It has been verified that a quantitative agreement is also
achieved for an arbitrary initial void size, void shape and
loading of the unit cell.

Homogenisation
For a rigid ideally-plastic von Mises material the average plastic dissipation of the unit cell reads

1
σ0 deq dV
Ẇ =
V
V

Figure 2 Geometrical representation of the micromechanical
model for void growth.

The deformation is characterised by two damage parameters,
i.e. the void volume fraction f and the void shape S:


Vvoid
avoid
f =
∧
S = ln
Vcell
bvoid

A pressure-sensitive yield surface is obtained from the principle of maximum plastic dissipation and normality of plastic
flow
∂ Ẇ
∂ Ẇ
d =
∧
v =
∂ Dd
∂ Dv

It is asumed that the void is aligned with the pricipal directions of the imposed deformation.

Kinematics
The change in size and shape of the void due to the applied
loading on the outer boundary is governed by
2 Vcell − Vcell = Vmatrix
2 sinh(Svoid ) =

sinh(Souter )

f

(constant matrix volume)

Figure 4 Schematic representation of the non-isochoric yield
surface; influence of void size (left) and shape (right).
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