J. Adv. Mater. Eng., 2025;44(3)115-134. https://doi.org/10.47176/jame.44.3.1105

ToitaaleE \ Journal of Advanced Materials in Engineering

ADVANCED MATERIALS & Journal homepage: https://jame.iut.ac.ir/?lang=en X - I

IN ENGINEERING ¢ P L
ISSN: 2251-600X EISSN: 2423-5733 i

Research Article

Study on Thermomechanical Behavior and Extraction of Arrhenius Model and
Processing Map for Al-7.5Mg Sheets

Mohammad Hossein Bagheri!, Javad Rasti?*® and Hamid Reza Ghazvinloo?

1- Department of Mechanical Engineering, Qom University of Technology, Qom, Iran
2- Department of Materials Science and Engineering, Qom University of Technology, Qom, Iran
* Corresponding author, Email: rasti@qut.ac.ir

(Received: 28 January 2025; Revised: 30 March 2025; Accepted: 30 March 2025; Available online: 16 April 2025)

ABSTRACT

Introduction and Objectives: Determining the constitutive equations which describe the material flow stress, microstructural
investigation, and preparing a processing map are essential for designing and optimizing metals forming. The aim of this paper is to
obtain a relationship between stress, strain, temperature, and strain rate for Al-7.5Mg alloy in order to use it in the forming process.

Materials and Methods: In this study, stress-strain diagrams at four temperatures and three strain rates and friction elimination using
experimental and computational methods were used. The activation energy value of hot deformation was calculated in the Arrhenius
model. A processing map at strain 0.6 was drawn to establish the relationship between stress, temperature, and strain rate, and the
instability region at a specific temperature and strain rate was determined. The metallography examination was performed to study the
microstructure of the alloy.

Results: In the Arrhenius model, the activation energy value of hot deformation increased with increasing strain. As the temperature
decreased and the strain rate increased, the Zener-Hollomon parameter also increased. The instability region increased with increasing
temperature and decreasing strain rate. The metallography test results showed that dynamic recrystallization occurred due to the high
magnesium content in this alloy.

Conclusion: In this paper, the Arrhenius model (as a phenomenological model) was correctly extracted using a hot plane strain test on
an extruded plate of Al-7.5Mg alloy, and a relationship between stress, temperature, strain, and strain rate was obtained using the
constitutive equations and the Arrhenius model.
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