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Badanie mechanizmów plastyczności w steksturowanym stopie 

magnezu AZ31 przy użyciu dyfrakcji neutronowej

Plastic deformation study in textured AZ31 magnesium alloy using

neutron diffraction



Agenda

1. Aim of the study

2. Material characterisation

3. Crystallite group method

4. Stress localisation

5. Direct measurement of CRSS

6. Cycling load & detwinning
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Grain stresses – textured Mg alloy



Material characterization Mg alloy 

(AZ31) – hot rolled

Al Zn Mn Cu Mg

wt% 2,5-3,5 0,7-1,3 0,2-1,0 0,05 94,15-96,55

Orientation map from EBSD 

Crystallographic texture 

Fibre 

texture

RD

TD
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Mg alloy (AZ31) – anisotropy
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Crystallite Group Method
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Crystallite group method

Least squares fitting 

< 𝜀 𝜓, 𝜑 > ℎ𝑘𝑙  < 𝛾3𝑖𝛾3𝑗𝑠33𝑖𝑗
𝑔

> ℎ𝑘𝑙 𝜎𝑖𝑗
𝑔

http://www.agh.edu.pl/


Monotonic load experiments for Mg alloy



Monochromatic wavelength: 𝜆=1.158 Å 

Eulerian

 cradle

Experiment at HK9, NPI, Řež/Prague

tensile in RD (RDT)

2𝑑ℎ𝑘𝑙 sin𝜃  𝑛𝜆

Initial state
RDT

 = 2%

 

 

2𝑑ℎ𝑘𝑙 sin 𝜃  𝑛𝜆
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TOF diffraction in JINR Dubna, Russia (NDC and RDC)

Time of Flight: 𝑑ℎ𝑘𝑙  
ℎ𝑇

2𝑚𝐿𝑠𝑖𝑛 𝜃

EPSILON - MDS diffractometer

2𝜃     

Orient. D
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TOF diffraction in JINR Dubna, Russia (NDC and RDC)

Time of Flight: 𝑑ℎ𝑘𝑙  
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Stress localisation (Prague)
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Plastic deformation mechanisms
in Mg alloy



Resolved shear

stress (RSS):

Resolved shear stress in Mg AZ31 alloy

𝑛Φ
𝑚 𝜆

𝝈

𝝈
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Orientation

Distribution

Function

RSS in Euler space

Resolved shear stress in Mg AZ31 alloy

 

 

      

9.  0

 .   

5.9  

 .9  

 .9  

0.000

a   

NDC

http://www.agh.edu.pl/


      

9.  0

 .   

5.9  

 .9  

 .9  

0.000

a   

 

 

Basal confirmation
(Mg30)
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CRSS uncertainty
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Slip systems
Miller-Bravais 

indices

0 (MPa)

Rez

RDT

Dubna

NDC, RDC

Rez

NDC, RDC, 

Mg30

Basal <a>       ത2 35 28.0 (3.1) 24.0(3.0)

Prismatic <a>  ത     ത2 >62 67.7 (7.9) -----

Pyramidal <a>  ത     ത2 >62 59.7 (6.9) -----

Pyramidal <c+a> v1
ത      ത23

104.4 (5.6) 117(10)

Pyramidal <c+a> v1 

(in twin)

130 

(108 – 145)
120.5(8.2)

Pyramidal <c+a> v2

  ത2ത2   ത23

116.6 (3.5) 130(12)

Pyramidal <c+a> v2

(In twin)

144

(120 – 161)
134.3(9.1)

Twinning   ത 2 ത    49.1 (2.5) 45.5(1.6)

CRSS from experiments comparison



Cycling load
twinning and detwinning
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Conclusions

1. Diffraction methods for deformation study was developed

2. For textured Mg AZ31 alloy stresses on different crystallite groups were

determined directly from experiment

3. Elastic-plastic deformation was described at grain scale in textured

magnesium

4. The CRSS values are unabiguously determined directly from experiment 

with uncertainties (model assumptions not used)

5. For the first time detwinning CRSS value was measured using neutron 

diffraction
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Stress/strain measurement using diffraction

In situ diffraction measurement under applied loads

Relative lattice 

strain for loads: 
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Maximum RSS and CRSS - model confirmation
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Model vs ex-situ compression

Ex-situ compression tests were 

carried out for samples cut at 

different angles between ND and 

cylinder axis. The results were 

compared with model prediction.

Two model assumptions were

verified – continuous and trheshold.
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Previous model 

results…

39/36
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B. Clausen et al. / Acta Materialia 56 (2008) 2456-2468

EPSC model with the Voce-law 

fitted to experimental data 

obtained in 2 directions.

 

 



Comparison with literature

Model + diffraction Direct method

Slip system

CRSS from 

experiment 

0 (MPa)

Basal 28.0 (3.1)

Prismatic <a> 67.7 (7.9)

Pyramidal<a> 59.7 (6.9)

Pyramidal <a+c> ver. 1 104.4 (5.6)

Pyramidal <a+c> ver. 2 116.6 (3.5)

First order tensile twin 49.1 (2.5)
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