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Motivation
● Increasing demand for new emerging alloys e.g: automotive and transport industry,
● New applications: hydrogen storage, biodegradable materials
● Anisotropy of properties
● The plastic deformation of some important alloys is rather problematic due to the

strong anisotropy of hexagonal structure – formation of strong basal texture
during e.g. rolling

● The ductility of the alloys can be enhanced by means of weakening texture in many different ways:
- changing of the rolling direction
- introducing shear component of deformation e.g. in differential speed rolling processing (DSR)
- dynamic recrystallization (DRX)
- DRX + massive twinning during rolling at very high strain rates (  101 s-1)≥



Anistoropy in metals



Severe plastic deformation methods



Mechanical anisotropy of HCP metals



Substructure in hcp metals

Meijuan Hao et al., 
Texture evolution induced by twinning and dynamic recrystallization in dilute Mg-1Sn-1Zn-1Al alloy 
during hot compression, 
10.1016/j.jma.2019.10.002, Journal of Magnesium and Alloys, 2020

d 20-30μm≈ in 1 cm3 is  about 107 grains



Dislocation structure in the grains



Models for texture evolution in deformed metals
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Model for texture evolution in hot deformed metals
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Description of the new vpsc+CA
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B. Sulkowski, R. Chulist, Modeling of dynamic recrystallization texture in hot extruded Mg, Materials Characterization 201 (2023) 112968



Experimetns and simulations

Mg, AZ31, AM50, AZ61

rolling, extrusion
180°C, 280°C, 380°C

simulations
● vpsc
● vpsc+CA

structural investigations, EBSD, texture

● Number of grains 103 – 105

● Number of subgrains for 
each grain 36 – 64

● MPI libraries
● Ares Supecomputer
● 1 node x 1 cpu – 4 nodes x 48 

cpus



Results for extrusion

Mg 180°C

Mg 380°C

Model vpsc

Model vspc+CA, 380°C

Bazal (0001) texture

Experimental results



Results for rolling

Mg 180°C

Mg 380°C

Model vpsc

Model vpsc+CA, 380°C

Experimetnal results
basal (0001), two peaks



Calculation time 



Summary
● Main texture component during rolling is basala
● Main texture componetn during extrusion is {10-10} fibre and 

{11-20} fibre
● During hot deformation texture is weakened
● VSCP model cant predict hot deformed texture
● VSCP+CA predictions of texture are comparable with 

experimetns
● Due to the complexity of vpsc+CA model parallel calculations 

on supercomputer have to be performed



Thank you for your attention
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