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Abstract
The most prevalent twinning models homogenize the
local deformation response by considering twins as
“pseudoslip” systems, obscuring the physical differences
between slip and twinning—namely the discrete nature of
twinning. Presented is a computational approach designed
to consider discrete deformation twinning in a crystal
plasticity finite element framework. A polycrystalline
domain is pre-discretized at the sub-grain scale into
lamellar regions dependent on the geometry of the twin
systems, which facilitates a finite element mesh that is
attendant to this geometry. A twin is activated in a
lamellar region by applying essential velocities to its
nodes and rapidly mapping their locations to their
expected twinned positions. The rest of the body deforms
by crystallographic slip to enforce mechanical equilib-
rium. Results indicate stress relaxation in the parent grain
and regions of large stress concentrations in neighboring
grains. These trends are discussed in light of global and
local energetic observations.
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Extended Abstract

Hexagonal materials are used in demanding structural appli-
cations due to (broadly) their high strength, low density,
resistance to corrosion, and other desirable properties.
Metallic alloys tend to exhibit elastic and plastic single crystal

anisotropy. Magnesium, for example, tends to exhibit a fair
degree of plastic anisotropy [1]. This tends to lead to complex
deformation behavior, namely the development of heteroge-
neous plasticity both intra-grain and globally [2]. Mathe-
matical models aid in the understanding of the relationship
between the crystal response and the macroscopic response of
a sample. The crystal plasticity finite element method
(CPFEM) represents perhaps the most sophisticated tool in
predicting the deformation response of polycrystals [3].

Typically, crystal plasticity finite element models consider
crystallographic slip as their onlymode of plastic deformation.
Deformation twinning, however, may play a large role in the
development of plasticity across a polycrystal composed of
crystals exhibiting hexagonal symmetry.Variousmodels have
been developed to consider the deformation response due to
twinning. The most popular choice—due to its simplicity,
relative ease in implementation, and low marginal computa-
tional cost—is the so-called pseudo-slip model [4], in which
the deformation response due to slip and twinning is homog-
enized locally, considering a variable “volume fraction” of
material deforming by either slip or twinning. This model,
while adept at predicting texture evolution and bulk response,
ignores the discrete nature of twinning and obscures the rel-
ative rate disparities between slip and twinning, thus ham-
pering the precise prediction of local stress fields.

Recent modeling efforts [5] have instead focused on
attempting to model discrete deformation twins to better
predict the complex local heterogeneity in the stress fields
due to twinning. In this study, a discrete deformation twin-
ning framework is proposed [6]. Broadly, this framework
considers the deformation response of discrete regions,
twinned at a relatively rapid rate—upholding the main
physical differences between slip and twinning. The frame-
work relies on the pre-discretization of a polycrystalline
aggregate at the sub-grain scale into lamellar regions (a
single crystal is illustrated for simplicity in Fig. 1). Lamellar
regions are included by means of a novel multi-level tes-
sellation algorithm, in which the polycrystal domain is first
discretized into grains (via a Voronoi or Laguerre
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tessellation), and each grain is subsequently considered as a
domain for further (lamellar) discretization. The spatial
normals of these lamellar regions are calculated based on the
crystallographic orientation of the grain and the twin system
under consideration. Each lamellar region is assigned the
same orientation as the parent crystal. Lamellar boundaries
are not explicitly modeled as grain boundaries, and thus, a
collection of lamella that forms a grain is considered a single
crystal. These lamellar regions allow for the formation of a
finite element mesh that conforms to these boundaries.
Figure 1 further details the attendant finite element mesh
(with an example lamellar region highlighted). Note how the
lamellar regions facilitate in the formation of a mesh that
adheres to these boundaries. At some point in deformation
when a twin is considered for activation, the elements and
nodes within a lamellar region are thus readily queried.

Upon twin activation, the elemental orientations are utilized
to calculate an average deformation gradient due to twinning.
This deformation gradient is used to be calculated the expected
nodal positions due to twinning of each node within the
lamellar region. Velocities are calculated and essential veloc-
ities placed on each node. A number of small time steps are
taken until the point at which the twin is mapped to its final

location, and the essential velocities on the lamellar region are
then relaxed. The elemental orientations are updated for each
element in the lamellar region to their expected twinned ori-
entations. The regions outside of the lamellar region accom-
modate this deformation via crystallographic slip, via the base
CPFEMframework.At this point, the framework considers the
twin region as a newgrain, anddeformation proceeds along the
specified macroscopic deformation path.

This framework allows for the inspection of the complex
stress fields that form due to twinning. Note in Fig. 2, for
example, that the von Mises stress experiences a drop in the
parent grain, especially in the vicinity of the twinned region,
and sharp increases in neighboring grains at the twin tip. The
consequences of a twinning event may be readily assessed via
this framework. Most interesting is the assessment of local and
global work metrics, calculated via the deformation rate/
Cauchy stress conjugate, which allows for the comparison of
the total, elastic, and plastic work over the course of twin
activation. The framework additionally allows for the consid-
eration of twin growth (thickening) via the successive activa-
tion of lamella neighboring the twinned region and is
additionally poised to approach the problem of transformation
induced plasticity, which exhibits similarmodeling challenges.

Fig. 1 Single crystal discretized
into lamellar regions, along with
its mesh, and twin velocity field
(reproduced from [6])

Fig. 2 Von Mises stress field
prior to and post-twin activation
(reproduced from [6])

148 M. Kasemer and P. Dawson



Presented are results from simulations in which a single
grain at the center of a polycrystalline aggregate is consid-
ered for twinning. Multiple simulations are performed in
which a single lamellar region is activated at (1) various
points in the deformation history, and (2) with various initial
twin widths. Changes to the stress field as a function of twin
width and the point of activation are discussed with respect
to energetic metrics, and the comparisons are made to sim-
ulations performed considering only crystallographic slip.
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