
Author’s Accepted Manuscript

Interaction between phase transformations and
dislocations at the nanoscale. Part 1. General phase
field approach

Valery I. Levitas, Mahdi Javanbakht

PII: S0022-5096(15)00110-6
DOI: http://dx.doi.org/10.1016/j.jmps.2015.05.005
Reference: MPS2645

To appear in: Journal of the Mechanics and Physics of Solids

Received date: 29 December 2014
Revised date: 15 April 2015
Accepted date: 15 May 2015

Cite this article as: Valery I. Levitas and Mahdi Javanbakht, Interaction between
phase transformations and dislocations at the nanoscale. Part 1. General phase
field approach, Journal of the Mechanics and Physics of Solids,
http://dx.doi.org/10.1016/j.jmps.2015.05.005

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/jmps

http://www.elsevier.com/locate/jmps
http://dx.doi.org/10.1016/j.jmps.2015.05.005
http://dx.doi.org/10.1016/j.jmps.2015.05.005


1

Interaction between phase transformations and dislocations at the

nanoscale. Part 1. General phase field approach

Valery I. Levitasa,∗ and Mahdi Javanbakhtb,c

aIowa State University, Departments of Aerospace Engineering, Mechanical Engineering, and

Material Science and Engineering, Ames, Iowa 50011, USA

bIsfahan University of Technology, Department of Mechanical Engineering, Isfahan, Iran

cIowa State University, Department of Aerospace Engineering, Ames, Iowa 50011, USA

Abstract

Thermodynamically consistent, three-dimensional (3D) phase field approach (PFA) for

coupled multivariant martensitic transformations (PTs), including cyclic PTs, variant-variant

transformations (i.e., twinning), and dislocation evolution is developed at large strains. One

of our key points is in the justification of the multiplicative decomposition of the deformation

gradient into elastic, transformational, and plastic parts. The plastic part includes four mech-

anisms: dislocation motion in martensite along slip systems of martensite and slip systems of

austenite inherited during PT and dislocation motion in austenite along slip systems of austen-

ite and slip systems of martensite inherited during reverse PT. The plastic part of the velocity

gradient for all these mechanisms is defined in the crystal lattice of the austenite utilizing just

slip systems of austenite and inherited slip systems of martensite, and just two corresponding

types of order parameters. The explicit expressions for the Helmholtz free energy and the

transformation and plastic deformation gradients are presented to satisfy the formulated con-

ditions related to homogeneous thermodynamic equilibrium states of crystal lattice and their

instabilities. In particular, they result in a constant (i.e., stress- and temperature-independent)

transformation deformation gradient and Burgers vectors. Thermodynamic treatment resulted

in the determination of the driving forces for change of the order parameters for PTs and dis-

locations. It also determined the boundary conditions for the order parameters that include a

variation of the surface energy during PT and exit of dislocations. Ginzburg-Landau equations

for dislocations include variation of properties during PTs, which in turn produces additional

contributions from dislocations to the Ginzburg-Landau equations for PTs. A complete system

∗ Corresponding author. Email address: vlevitas@iastate.edu, Tel. (515)-294-9691 (V. I. Levitas)



Download English Version:

https://daneshyari.com/en/article/7178006

Download Persian Version:

https://daneshyari.com/article/7178006

Daneshyari.com

https://daneshyari.com/en/article/7178006
https://daneshyari.com/article/7178006
https://daneshyari.com

