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NUMERICAL MODEL FOR DISLOCATION TRANSMISSION ACROSS PHASE
BOUNDARIES
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1Department of Mechanical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands

Summary A 2D FEM approach for studying dislocation-phase boundary interaction is proposed. By adopting the classical Peierls-Nabarro

model as a glide plane model, a natural interplay between dislocations, external boundaries and phase boundary is provided. Thereby the

local dislocation induced stress field in the vicinity of the phase boundary can be fully captured. Modelling dislocation dipoles (loops) in

a finite-sized grain introduces a grain-size dependency. With this model the effect of dislocations piling up against a phase boundary and

dislocation transmission are studied for a glide plane perpendicular to a fully coherent and non-damaging interface.

INTRODUCTION

Interface decohesion due to dislocation activity in polycrystalline microstructures is a complex processes that is not fully

understood yet. For a better insight into the underlying mechanisms numerical approaches are necessary in order to resolve

the small scale phenomena of dislocation-phase boundary interaction. Existing studies are based on atomistic simulations [1]

or Discrete Dislocation Dynamics (DDD) [2]. However, both approaches involve shortcomings such as limited spatial and

temporal scales (atomistics) or complicated numerical treatments of dislocations-phase boundary interactions (DDD).

METHODOLOGY

In the present research we propose a 2D FEM-approach, in which the aforementioned shortcomings of atomistic sim-

ulations and DDD are overcome. Embedded in a finite elastic medium lies a glide plane represented by a periodic shear

traction-disregistry (F -Δ) law in accordance with the Peierls-Nabarro model [3]:

F (Δ) =
μb

2πd
sin

(
2πΔ

b

)
, (1)

with the shear modulus μ, the Burgers vector b and the interplanar spacing d – see Figure 1. A cohesive zone along the

phase boundary enables the simulation of interface crack nucleation due to dislocation induced stress concentrations. With

such a model, a natural interplay between dislocations, external boundary conditions and phase boundary is provided. It is

furthermore possible to break down the complexity of the problem into the investigation of the single influences of specific

parameters such as elastic parameters of the crystal and those of the glide plane and phase boundary.

In the present study we limit ourselves to a glide plane perpendicular to a fully coherent interface between two phases,

A and B, and neglect the effect of decohesion. By adopting point-symmetry on the left-hand side of the model (cf. Figure

1), dislocation dipoles are included. With this model it is possible to investigate the dislocation transmission across the fully

coherent interface as a function the material properties and grain size.

Considering dual phase materials where a dislocation moves towards a phase of higher shear modulus, a natural resistance

against dislocation transmission is present. This resistance is both material dependent and size dependent. The material

dependency is related to the phase contrast and leads to an increase of: 1) the dislocation induced repulsive shear stresses in

phase B and 2) the resistance against dislocation motion according to the original Peierls-Nabarro model. The size dependency

arises from the dislocation dipole self-stresses that strongly depend on the width of the dipole and thus on the size of grain

A, LA. An increase in self-stresses with decreasing LA becomes apparent and this in turn leads to a higher external stress

required for transmission of the dislocations to the harder phase B.
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Figure 1: Peierls-Nabarro FEM Model for dislocation interaction with a phase boundary.
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RESULTS

By applying simple shear boundary conditions and pre-multiplying the glide plane stress according to Eq. (1) with a factor

C for phase B, the influence of the Peierls-Nabarro model alone on transmission of a single dislocation is studied. Figure 2

shows this for a pre-factor C = 2 and a grain size LA = 800b with a close-up view of the dislocation position and its induced

normal stress σxx for different shear strains γ.

After nucleation at γ = 0.2 · 10−2 the dislocation moves towards the interface and gets stuck. Only after increasing the

shear strain to γ = 5.1 · 10−2 the dislocation is transmitted to the second phase. It is noteworthy that in the course of the

transmission the normal stress σxx increases from a characteristic value in phase A (≈ 25.6GPa) to a higher characteristic

value in a phase B (≈ 36.4GPa). This is an important finding for later considerations on interface failure and shows the

necessity of a high resolution for capturing the local stress field.

By allowing multiple dislocations to nucleate, a pileup can form as shown in figure 3. Instead of artificially amplifying

the Peierls-Nabarro model, the shear modulus of phase B is now enhanced with μB = 1.5μA. Like in the case of single

dislocation transmission, the grain size equals LA = 800b. The close-up view of the dislocation induced normal stress σxx

displays the state right after dislocation transmission for a mean shear strain of γ = 1.5 · 10−2.

As stated before, a decreasing grain size LA leads to elevated self-stresses. Thus, the shear strain at dislocation transmis-

sion measured in both investigations increases accordingly.
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Figure 2: Process of dislocation transmission to a harder phase for a single dislocation. Close-up snapshots of the dislocation

position and its induced normal stress at different shear strains γ.
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Figure 3: Dislocation pileup against a harder phase right after dislocation transmission. Close-up view of the dislocation

positions and the induced normal stress.

CONCLUSIONS

A model for a natural interplay between dislocations, external boundary conditions and phase boundary as a function the

material properties and grain size was presented. With this model the effects of dislocation transmission and dislocations piling

up inside a dual-phase material with a glide plane perpendicular to a fully coherent interface was shown. By extending the

current model with cohesive zones it is possible to investigate the competition between interface decohesion and dislocation

transmission for different material properties and grain sizes.
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