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Estimation of dislocation density of commercially pure titanium in ECAP process by
combining finite element simulation with a dislocation-based model

K. Hajizadeh
M. Ali Gourchi

Department of Materials Engineering, Urmia University of Technology, Urmia, Iran

Department of Materials Engineering, Urmia University of Technology, Urmia, Iran

Abstract

In this research, by combining mathematical models based on the deformation mechanisms with finite element simulation of the
deformation process, for the first time, the dislocation density content of commercially pure titanium was calculated and analyzed
during its processing by the process of equal channel angular pressing (ECAP). For this purpose, first, the deformation behavior of
commercially pure titanium during the ECAP process was simulated using ABAQUS software. In the next step, this information
obtained from simulation was used as inputs to the mathematical model to estimate the dislocation density of the metal. A two-
dimensional simulation was carried out. In simulation, ECAP was performed at 250°C and in a die with a channel angle of ® = 105
and a corner angle of ¥ = 20 degrees. In addition, ECAP was conducted up to 5 consecutive passes using two different processing
routs A and C on the samples. Then, by using the mathematical model, the values of the dislocation density created in the samples
were evaluated after different ECAP passes. The results indicate that by applying 5 ECAP passes using route C the mean dislocation
density of titanium increases from the initial value (0.3x 10">m?) to 4.64 x10"> m™. Also, when ECAP is conducted by route A it
leads to 10% higher density than route C. The distribution of dislocation density throughout the Ti bars has a good uniformity,
except for a few millimeters from the beginning and end regions of the bars.

Keywords: Commercially pure titanium, ECAP, FEM simulation, Dislocation density, Routes A and C.
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! Face-centered cubic

2 Stacking fault energy

* Hexagonal close-packed

4 Ultrafine-grained

* Transmission electron microscopy
® Finite element method
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? Deformable element

* Mass scaling factor

* Coupled temperature- displacement
% Heat capacitance

’ Face centered cubic

8 Body centered cubic

? Hexagonal close-packed
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