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Strain-Path Change Deformation of Mg AZ31 In-Situ Neutron Diffraction Experiments on Pure Zr
Monotonic Deformation at Room Temperature

0.0 0 0 .05 0. 10 0.1 5 0 .20
0

100

200

300

400
 

 

S
tre

ss
 (M

Pa
)

Strain

TTC
IPC

TTC
IPC

1

3

2

2

1
Initial Texture The anisotropy observed during in-plane (IP) and 

through-thickness (TC) compressions is due to the 
different deformation modes accommodating strain:
TTC: basal <a> and pyramidal <c+a> slip.
IPC: tensile twinning dominates deformation.
~ 90% of grain volume reorients after 10% 
compression.

Strain-Path Change: IPC follo wed b y TTC
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Confirmation of detwinning b y optical 
microscop y

Sample deformed 7% by IPC Sample deformed 7% by 
IPC followed by 6% TTC 

Modelling: Polycrystal models provide a link between macroscopic response and microstructure
Twinni ng: Composite Grain Model

An evolv ing 
stack of twin-

matrix layers on 
the predominant 

twin system 
plane defines a 

directional mean 
free path to 
dislocations.
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Voce term accounts for 
saturating forest 

hardening

Hall-P etch term accounts 
for evolving twin barr ier 
effect
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An �extended Voc e� law is used in the VPSC code to 
describe the har dening of slip and twin systems !

Γ= accumulated shear in gra in
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A grain is ful ly reoriented by twinn ing when a 
threshold twin fraction (~50%) is reac hed: the gra in 

has now the orientation of the predom inant twin 
system (PTS).
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Findings from Previous Studies

Experimental Set-Up

Similar hardening 
behaviour observed during 
TTC reload and monotonic 

IPC.

Final texture similar to 
initial one: twinning effect 
has been reversed upon 

reloading.

Most twins have disappeared after the change of loading 
direction. The remaining twins observed can be explained by 

the strain difference between the two segments of the 
deformation.

Results from Reversal Loading 

Confirmation of Detwinning by EBSD: IPF Maps

Deformation mechanisms ar e dependent on loading conditions and 
temperatur e.

IPC: prismatic <a> 
slip and  tensile 

twinn ing 
accommodate strain. 

Contribution of 
tensile twinn ing 
dependent on 

temperatur e: as 
temperatur e 

decreases, more 
twins are pr esent in 

the deformed 
materia l for the same 

strain.
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The specim en is subjected to 
a compress ion-tension cycle. 

Diffraction patterns obtained 
from the two detector banks 

at the start of the 
exper iment.

These 
diffraction 

patterns show 
that most grains 

are oriented 
with their c-ax is 
normal to the 

loading 
direction. 

c-axis

Loading 
direction

Stress-strain curve obtained 
during the loading cycle.

During compr ession, 8% of the materia l has twinned, 
reorienting grain dom ains suc h as their c-axis is now paral lel to 
the loading direction. Dur ing tens ion, the evolution of the peak
intens ities shows that fewer grain dom ains have their c-ax is 

para lle l to the loading direction: the twinn ing influence on the
texture has been revers ed.    

Normalized (10  0) and (0002) peak 
intensities collected from the transverse and 

longitudinal detector banks.

1

Sample deformed 4% by IPC at LNT. Sample deformed 9% by IPC at LNT.

Compression-
Tension sample.

After the compression-tension cycle, 
the materia l presents fewer twins 
than samples that have been only 
compress ed to similar strains: the 

materia l detwinned dur ing the 
tension segment.

The aggr egate is represented by a co llection 
of crystal orientations with ass ociated volume 

fractions chos en to reproduce the texture.
Aggregate properties ar e giv en by aver ages 

performed over the gra ins.

Visco-Plastic Self Consistent (VPSC) Polycr ystal Model

Each gra in is regarded as a visco-
plastic anisotropic inc lus ion 

embedded in an effective medium.

Deformation follows from the 
inclusion-medium interaction
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Slip & twinni ng: threshold stress
The shear-r ate of each system s is 
given by a viscous (rate sensitive) 

law n
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The crystallographic 
shears determine 
crystal reorientation 
and texture ev olution

The threshold stress 
describes the 
hardening of slip & twin 
systems

Twinni ng: Predominant Twin Reorienta tion Scheme

Detwinning occurs 
when same twinning 
syst em previously 
active in matrix is 
activat ed in twin

Magnesium Simulation Zirconium Simulation
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Twinning

Detwinning

Deformation mechanisms pr edicted to 
accommodate strain in the matrix and twins

The model pred icts that detwinn ing occurs over less 
than 4% strain whic h explains the discrepanc ies 
between the predicted and ex perim ental stress-

strain curves.

Deformation mechanisms 
predicted to accommodate 

strain.

In this model, detwinn ing is acc ounted for by 
allowing the gra ins that hav e twinned to twin 

again.

This model treats 
detwinning as 

secondary twinning 
whic h explains that 
the predicted and 

exper imenta l stress-
strain curves do not 
match. Howev er, the 
model pred icts that 
the same PTS is 

active in the newly 
oriented gra in. The 
effect of twinning on 

the texture is 
therefore pr edicted 
to be reversed upon 

reloading.

1) Compr ession: 
liquid n itrogen 
temperatur e 
(LNT). 2) Tension: 
room temper ature 
(RT).


