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Motivation

* Increasing demand for new emerging alloys e.qg: 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.qg. 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
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Severe plastic deformation methods

High Pressure Torsion (HPT)

Cold Rolling and Folding (CR&F)

Hydrostatic Extrusion (HE)
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Mechanical anisotropy of HCP metals
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Substructure in hcp metals
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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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*  D. Raabe, L. Hantcherli, 2D cellular automaton simulation of the ﬁ’:
recrystallization texture of an IF sheet steel under consideration of mom'x
Zener pinning, Computational Materials Science 34 (2005), 299-313 pQJ_j

* L.Wang, G. Fanga, L. Qian, Modeling of dynamic recrystallization of
magnesium alloy using cellular automata considering initial topology of
grains, Materials Science and Engineering A 711 (2018), 268-283

_QG.B

k,T

— predkos$¢ przemieszczania sig granicy ziarna,

— normalna do plaszczyzny granicy ziarna,

— parametry opisujace ruchliwos¢ granicy ziarna,

— energia aktywacji przemieszczania si¢ granicy ziarna,

— stata Boltzmanna,

— temperatura bezwzgledna,

— parametr opisujacy sumaryczne naprezenie pedne dzialajace na granice ziarna.

X = nmp = nm, exp p

Qif
k,T

m/ p”

max &
m, p

w’ =

exp

X

" — prawdopodobienstwo zmiany stanu komorki ¢, na stan komorki s

— maksymalna dozwolona wariancja,

- mobllpos}c granicy ziarna pon}lgdzly komolrkan'u ¢ic, o

~ naprezenia dzialajgce na granicg ziarna migdzy komorkami ¢, i c,
— maksymalna mobilnoé¢ granicy ziarna,

— maksymalne napr¢zenie dzialajace na granice ziarna,

' — energia aktywacji przemieszczania si¢ granicy ziarna pomigdzy komorka-

mic.ic.




Description of the new vpsc+CA

B. Sulkowski, R. Chulist, Modeling of dynamic recrystallization texture in hot extruded Mg, Materials Characterization 201 (2023) 112968
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Experimetns and simulations

Mg, AZ31, AM50, AZ61 —»

|

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

|

structural investigations, EBSD, texture

|

simulations
* vpsc
* vpsc+CA

Stop PN-EN 1753:2001 Al Zn Mn Mg
(ASTM) (% wag.) (% wag.) (% wag.) (% wag.)
Mg EN-MCMg99,8 99,8
AZ31 EN-MCMgAI3Zn1 2,5-3,5 0,6-1,4 reszta
AMS50 EN-MCMgAlI1Mn0 4,4-5,4 0,22 0,26-0,6 reszta
AZ61 EN-MCMgAI6Zn1 5,8-7,2 0,4-1,5 reszta

Number of grains 10° - 10°
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

Experimental results
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Results for rolling

Mg 180°C

Mg 380°C

Experimetnal results
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Calculation time
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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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