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Grain stresses — textured Mg alloy



Material characterization Mg alloy
(AZ31) — hot rolled
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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

A {0001}<1120>

<&, @) >p=< VsiV3jS3?3ij > {hk1} Oy

Direction of load

(-202-1)
g @e1100)
(11,23) o
(1-12-) GO g0y 2-1-10)
100,3) ¢1013) @1:11)
(10-1.3) 2ol
(1:10-1)
. 11,00
@111 02 L1 (110 '
(1-103)
00,013 (1-21-8) (1211 (L2000 (-20,1) (L-2041,:20.3) 00.0.1) 0,0.0.1) (1-213)-21200-2L1) (1,210 (1-21-1) (1:21,:3)
ND% ND it > >
RD (0-1.13) RD
(L-10.-3) (1.-1.03)
0-1,1,1
(1-10-1) 1.-100) (1-100) 1,103) D R
\ 5 ©-11-1)
-1013) (-1-123)
\\ 1120
QD) oy / ( ) =
(2113) (1120 TR
A C (-100,1)
(-10.1.0)



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

Monotonic load experiments for Mg alloy



Experiment at HK9, NP1, ReZ/Prague
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TOF diffraction in JINR Dubna, Russia (NDC and RDC)
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TOF diffraction in JINR Dubna, Russia (NDC and RDC)
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Stress localisation (Prague)
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Stress localisation (Dubna)
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Plastic deformation mechanisms
In Mg alloy



Resolved shear stress in Mg AZ31 alloy
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Resolved shear stress in Mg AZ31 alloy
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Resolved shear stress — NDC
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CRSS uncertainty
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CRSS from experiments comparison

Slip systems
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Cycling load

twinning and detwinning
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Cycling load at HK9, NP1, ReZ/Prague
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Twinning and detwinning during cycle loading
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Twinning during compression phase
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Detwinning during tensile phase
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Conclusions

Diffraction methods for deformation study was developed

For textured Mg AZ31 alloy stresses on different crystallite groups were
determined directly from experiment

Elastic-plastic deformation was described at grain scale in textured
magnesium

The CRSS values are unabiguously determined directly from experiment
with uncertainties (model assumptions not used)

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
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EPSC model
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experimental
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Maximum RSS and CRSS (MPa)
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Model vs ex-situ compression
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Previous model
results...
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Comparison with literature

Model + diffraction Direct method
H. Wang et al. /International Journal of Solids and Structures 47 (2010) 2905-2917
Table 1
List of material constants for various self-consistent models.
Model Mode To CRSS from
Affine Basal 9 . ex erlment
Prismatic 79 S“p SyStem P
Pyramidal 100 Ty (M pa)
Tensile twin 47
Secant Basal 13 Basal 28.0 (3'1)
Prismatic 73 . .
Pyramidal 110 Prismatic <a> 67.7 (7'9)
Tensile twin 31
mT (m¥=0.1) Basal 17 Pyramidal<a> 59.7 (6.9)
Prismatic 77
EyIamicas) £ Pyramidal <a+c> ver. 1 104.4 (5.6)
Tensile twin 33
Tangent Basal 21 Pyramidal <a+c> ver. 2 116.6 (3.5)
Prismatic 90 _ _ j
Pyramidal 145 First order tensile twin 49.1 (2.5)
Tensile twin 38
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