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T=X

Here is written
the list of what
todo

. This hand tells

you where to COﬂtent

click

&C& mm) 1. Input Data

1. Generate textures
2. X-Ray measurements
3. Orientations Maps (EBSD)

2. Simulations (VPSC)
3. Simulations vs Experiments
1. ldeal Orientations

2. Correlation

4. Simulations On Orientations Maps
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Open ATEX
Click on the
“Simulations”

button

Select “Creator”
module

Select the
“Textures” tab
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Analysis Tools for Electron and X-ray diffraction

Welcome Benoit C

Open atex files
Import data
Tools

Simulations 1§ )

__g_gwa m AA

Help - Support

Instruments and Controls

& update /N About @) users A License
Authors, contributors...

Licenced to Benoit BEAUSIR
Contact:
Computer:

Please make this reference in your publications:
B. Beausir and J.-J. Fundenberger, Anal ools
for Electron and X-ray diffraction, ATEX - software,
www.atex-software.eu, Université de Lorraine -
Metz, 2017

Y T=X -Data Creator

| oosncures Ten @)

- Generate textures

Texture Generator

Lattice parameters

Choose Phasis

Single Orientations

Random Texture

I -
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T=X

Define the - Generate textures

material by T =X -Data Creator
clicking on
“Choose Phases”

Microstructures  Testures

button to open Texture Generator
the phases :
. ere Lattice parameters
definition
window .
Choose Phasis
Select

“Aluminium”’ for
instance

" TZ=X -Phases Definition
Click on apply Phasis Parameters

button to
validate.

The lattice
parameters, the
space group and
the name of the
phase appears in
the data creator

window -

Drawing Options

I - |
I |

I - |

Apply medification to current phal(e-%‘ Add List H ‘Cancel Exit
{
A
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T=X
- Generate textures

Now choose the
kind of
orientations you Y T=X -Data Creator
want to add to
your texture

- Single Orient.
- Fibre Lattice parameters
- Random

Texture Generator

Choose Phasis

You can also mix
them

Click on the Single Orientations
generate button

An *.orli.atex file
will be created
(ORLI meaning
ORientation List)

Fibres

note that if the
checkbox
“Create ASCII...”
is checked you o/d : plan
will also get the i
orientation list in direction
a text format file

| B
ATEX will ask W 1dom Texture
you if you want

(00N - |

to open your
generated
texture to plot it
for instance,
answer YES”
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T=X
- Generate textures

Once you said
“YES” the ORLI
module opens.

\ T =X - Orfentation List

Textures Options test.orli.orli

Here the texture
is composed by
two orientation
(0,0,0) and

(45,0,0) with the
same weight <4

. " TZ=X Pole Figures
Click on “pole wp —
figures" button Hexz:(gonal Convention Select Pole Figures
to plot it -

P o /P " - |
The ("1) pOIe Textures
figures shows
the projection of ===
the four mE

. Ifyou change the PFs, don't forget fo recalculate
equivalents

planes (111) of
each orientation O
(0,0,0) in green,
(45,0,0) in
orange

Plotting Options

Rotate Data

[ ]
YOU NOW HAVE

AN
ORIENTATION
LIST READY FOR

THE a =7 _ -
SIMULATIONS [ Eo=N ~ o

Stereographic

Direct Projection

max = T.74

| Pole Figure: (11) | Type: REC | Symm.: Cubic | Intens Min: -0.166 | Intens Max.: 12172
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T=X
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T=X

1. Select Import
data tab, then
click on “XRD-
PF” button

2. Select your
manufacturer

3. Select then the
kind of data file
format

4. Fill the missing
information if
needed
(depending on
the
manufacturer
file)

5. Click on “Create
ATEX file”
button

6. Youwillgeta
“.xipf.atex” file

XIPF meaning Xray
Incomplete Pole
Figures

TUTORIAL Textures Simulation — Crystal Plasticity

A T o X\Jersion 3.5
7\ —

Analysis Tools for Electron and X-ray diffraction
Welcome Benoit = 4 T =X - XRAY Pole Figures Imports

Open atex files

Importdata {{ N

-> Orientation list from X-Ray measurements

Q

o -

Tools

Simulations

Help - Support

4 Pole Figure(s) loaded
Instruments and Controls

é Update /\ About @ Users ﬂ,l.l'cense
Authors, contributors...

Licenced to Benoit BEAUSIR
Contact:

Computer:

Please make this reference in your publications:
B. Beausir and J.-). Fundenberger, Analysis Tools
for Electron and X-ray diffraction, ATEX - software,
www.atex-software.eu, Université de Lorraine -
Metz, 2017

Open Memento X-Ray

I ‘ Initialize ‘ ‘ Create ATEX file and see the data
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=X
. The XRAY - Orientation list from X-Ray measurements

incomplete pole
Figure module
open
automatically a

AT =X - Incomplete Pole Figures

Pole Figure Selection FSM448.xipf

2. Select your
correction if
needed then
calculate the
ODF by clicking
on the “spark
execute” button

Intensity

Background

3. Onceyour ODFis (S|
calculate, click Defocusing
on the red floppy 2% i
A (0] - BRI - | 35 1%
button to save it, f i3
you will get an Miscellaneous i 051
“x ” (63
.CODF.ATEX e — - | =%
file 001 : | Z=e

C as C-coefficient +
ODF as Orientation
Density Function

| Pole Figure: (200) | Type: REC | Symm.: Cubic | Intens Min: -0.002 | Intens Max.:3.212 | Phi= Ind, Khi= Ind

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 11
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- Discretize an ODF

T=X

Once you have your 7\ l j— X Version 3.5
ODF’ yOU have to .Analysis Tools for Electron and X-ray diffraction \ T =X - Textures Discretization
discretize it to ‘ =
. Welcome Benoit L4
produce a list of
single orientation -"' Open atex files Load Data \) Please load the data (*.codf.atex)
et @
. Di tizati

1. Select the |I‘I1POI't data 1IsCretization

‘TooLs” tab om

a?d cllc.k on the = Tools ()

discretize button b l:a Expected minimum disorientation between orientations: 14.29"

to open the

discretization S| l:a Expected number of orientations: 2916

module

I:H Expected number of orientations: 238
2. Load your ODF

(*.codf.atex) file : _ ' RO

3. Choose your

discretization ;' Simulations
method and click
on the “RUN :__':" Help - Support
DISCRETIZATION
” button - Instruments and Controls
— Textures Comparison
4. YOU Wi" get a é Update f\ About @ Users Kl.\'cense Ieiies Mereie
Texture Discretization

new file Authors, contributors...
“orli.atex” file Licenced to Benoit BEAUSIR
containing the Contact
orientation list

Computer:

for the Please make this reference in your publications:
Simu|ati0nS B. Beausir and J.-). Fundenberger, Ana

for Electron and X-ray diffraction, ATEX -
www.atex-software.eu, Université de Lorraine -

Metz, 2017

www.atex-software.eu/help.html
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rements

5.36
493
451
4.09
3.66
- 3.24
282
239
197
156
112
0.70

max =4.13
min = 0.08
Lmax = 34
Tex. Idx =2.89
Stereographic

5.36
493
451
4.09
366
3.24
282
239
1.97
1.55
1.12

0.70

max = 5.36
min =0.14
Lmax = 34
Tex. ldx =2.89
Stereographic

- Discretize an ODF

ODF discretized = ODF re-calculated

100 Orientations

0.70

max = 5.56
min = 0.01
Lmax = 22
Stereographic

e 1-14
0.70
max = 3.84
min = 0.00
Lmax =22
Stereographic

1000 Orientations

424
3.92
3.60
3.28
295
263
2.31
1.99
1.67
1.34
1.02
0.70

max =377
min =0.02
Lmax = 22
Stereographic

424
3.92
3.60
3.28
295
263
231
1.99
1.67
1.34
e 1:02
0.70

max =4.24
min = 0.03
Lmax = 22
Stereographic

10000 Orientations

4.14
383
3.52
3.20
289
258
2.26
1.95
1.64
1.33
1.01
0.70

max = 3.86
min = 0.03
Lmax =22
Stereographic

4.14
3.83
3.52
3.20
2.89
1 2.58
2.26
1.95
B 1.64
1.33
8 1.01
0.70

max =4.14
min = 0.04
Lmax = 22
Stereographic
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T=X
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click
@ 1. Input Data
h 1. Generate textures
2. X-Ray measurements
mm) 3. Orientations Maps (EBSD)

2. Simulations (VPSC)
3. Simulations vs Experiments
1. ldeal Orientations
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4. Simulations On Orientations Maps
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T=X

Open an EBSD
map
(*.ebsd.atex)

In the tab “Data
Info”” several
options to
export your data
are available:

1- SMT and TXT
2 - ORLLATEX
3-CTF

Question: From
what my
orientation list
should be
composed ?

- Export full map
- part of map

- one orientation
per grains

- selected grains
(see next slide
partitioning)

TUTORIAL Textures Simulation — Crystal Plasticity

- EBSD to Orientation List

\T =X - Orientation Maps Analysis : IF1-ApTri2-fwcorrioo_SUB_o1.ebsd

Y Data Information Inverse Pole Figure Map 100_PH1

- Nb of pixels: 560 x 395 = 221200 g dugal’ ] \ L
: 3 e g '\ : Save Maj Load Maps
. N e g
Data Information 3 PR : Current Map: IPF100.PH1

- Mb of pixels: 6o x 395 = 221200
- Map area: 280 X 197.5

- Step size: 0.5 X 0.5

- Index. rate: 100 %

.. Data rot. Euler: o, 0", o”

- Magnification: 200 X

- Tension: 15 KV

- Tilt Angle: 70"

... Detector Euler: o°, o°, o

- Working Distance: o mm

.. Insertion Distance: o mm

Export to

® O @

:H- Too much for simulations ?
- >

| ‘%

560 X 395 = 221200 pixels |Phase:1 | MAD: 0.5 |BC: 95 | BS:250 | pX=98, pY=388 | X= 49.41, Y=194.04 | Euler: 196.29, 49.39, 50.0¢

ATEXo Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 15
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T=X

Go to tab
“partitioning”

Select the
“Grains Adding
mode” for
instance and pick
few grains in the
map

Click on execute
button to
generate the
corresponding
map

Then repeat the
previous slide to
export your data
for simulation

TUTORIAL Textures Simulation — Crystal Plasticity

- EBSD to Orientation List, Partitioning

\ T =X - Orientation Maps Analysis : IF+-ApTri2-fwcorrioo_SUB_o1.ebsd

Partitioning by ranges

I -

value min: 1- max: 1 »

Inverse Pole Figure Map 100_PH1

S . wm @“ -

Save Maps Load Maps

A 5 Current Map: IPF100 PH1
S i
"t

001 - [l 000 : |

Trim / From Distributions

Pick points on your map, uncheck "free
shape" button to erase all points

Grains Adding mode

Nb. of Grains

(& \\ selected: 5 ’

Inverse Pole Figure Maps Inverse Pole Figure Map 100_PH1
e e O

3 : il 8 o

k\% - >
s &

Components Lattice 30

‘o

SaveMaps  Load Maps

Current Map: IPF100.PH1

Grains removing mode

Nb. of Grains
selected: 246 ’

IPF Color Codes
[

560 X 395 = 221200 pixels |Phase:1 | MAD:o.4 |BCG1oo  |BS:255 | pX=392, pY=9 | X=196.35, Y-

208 x144 = 29952 pixels [Phaseso [MAD:0  [BGo  [BSio  |pX=106,pY=142 | X= 5308, Y= 712 Euler: 0,0,0

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 16
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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= EBSD -> ODF -> Discretization

You can also

calculate the ODF

from your EBSD T =X - Orientation Maps Analysis : IF-ApTriz-fweorrtoo_SUB_ot.ebsd

measurements and Textures Options Band Contrast Map
then discretize it g ot

Save Maps Load Maps

Current Map: BAND_CONTR
1. Goontab

“TEXTURES” and
just export your
ODF by clicking
on the “Export
ODF”’ button

Hexagonal Convention
2. Seetheslide

X
o (&
“Discretization”

to prepare your AT =X -Message
data for Textures
simulation The file:
C:\Users\FEUDENBERGER-ADMIN\Documents\ATEX V3.5 RELEASE V3.5\DOC
UMENTS\PRESENTATIONS-COURS-TUTO\DATA_crystal_plasticity textures_s
imulations\IF+-ApTri2-fwcorrioo_SUB_o1.ebsd.codf.atex has been saved in
your working directory.

Rotate Data
[ ]

Export ODF Q\ ‘B J
560 X 395 = 221200 pixels | Phase:1 |MAD:o.4 |BGSo | & | pX=0, p¥Y=278 | X= 0.43. Y=139.46 | Euler: 354.14, 42.91, 38.22

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) UNIVERSITE 17
and may not be redistributed or placed on public Web servers without permission. m DE LORRAINE
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- Examples of orientation list with the different methods
EBSD - full texture ODF calculated from all the 221000pixels

6.99 6.99
6.42 6.42
5.85 5.85
5.27 5.27
4.70 470
{ 4.13 413
3.56 3.56
2.99 N 2 k 299
e 242 / A i — 242
1.84 : —— R
N 127 I 127
0.70 VN = /] 0.70
max = 6.99 9 ax-369

min = -0.02 [ 4 min = 0.00
Lmax =22 Lmax =22
Stereographic iy Stereographic

7.26
6.67
6.07
547
4.88
428

7.26
6.67
6.07
547

368 368
3.09 . - 3.09
249 £); AR . 249

1.89 “w § == 189

% 1.30 S / 1.30

0.70 : ‘ 070
max=7.26 > ) Y max=372 max = 4.19

min = -0.03 W [ 4 min = -0.01
Lmax = 22 = \/ Lmax =22
Stereographic N i Stereographic

min =-0.03
Lmax = 22
Stereographic

EBSD - ODF - Discretization 1000 orientations

629 o
578 (#10) i

527 5.27
477 477
4.26 4.26
375 375
324 324
273 \ 273
2.22 £ N B 222
172 L g 2% ¢ B—EE
¥ 121 \ =3 ? /A 1.21
0.70 3 = j 0.70
max = 6.29 L\ ) / omax=337 max = 4.64
min = 0.00 v min=0.01 min = 0.00
Lmax = 22 N \ Lmax = 22 Lmax = 22
Stereographic . Stereographic Stereographic
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T=X

Here is written
the list of what
todo

. This hand tells

you where to COﬂtent

click
@ 1. Input Data
h 1. Generate textures

2. X-Ray measurements
3. Orientations Maps (EBSD)

mm) 2. Simulations (VPSC)
3. Simulations vs Experiments
1. ldeal Orientations

2. Correlation

4. Simulations On Orientations Maps
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T=X
Open ATEX

Click on the
“Simulations”
button

Select “Creator”
module

Select the
“Textures” tab

Click the
“Random check
box”, select 1000
orientations and
execute

TUTORIAL Textures Simulation — Crystal Plasticity

A T - XVersinn 35
\ —

Analysis Tools for Electron and X-ray diffraction

Welcome Benoit C

Open atex files
Import data
Tools

Simulations 1§ )

‘5‘”9 m AA

Help - Support

Instruments and Controls

& update /N About @) users A License
Authors, contributors...

Licenced to Benoit BEAUSIR
Contact:

Computer:

Please make this reference in your publications:
B. Beausir and J.-). Fundenberger, An Tools
for Electron and X-ray diffraction, ATEX - software,
www.atex-software.eu, Université de Lorraine -
Metz, 2017

" T=X - Data Creator

-> Simulations (VPSC) generate 1000 random orientations

m

Choose Phasis

Texture Generdator

Lattice parameters

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 20
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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T=X
AT =X - Orientation List

Check the Moo s randomiooo.orli
generated
texture

1000 random
orientations

Hexagonal Convention

ATZX Pole Figures

Plotting  Levels - Coloring

Select Pole Figures

Ifyou change the FFs. don 't forget to recalculate

Plotting Options

Direct Projection
Stereographic
| Pole Figure: (100) | Type: REC | Symm.: Cubic | Intens Min: 0.552 | Intens Max.: 1.467 | Phi= Ind, Khi= Ind | Current PF Value: Ind

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) UNIVERSITE 21
and may not be redistributed or placed on public Web servers without permission. m DE LORRAINE
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AT =X - Simulations (VPSC)

Select the Analysis Tools for Electron and X-ray diffraction

“SIMULATIONS” Welcome Benoit 3

tab and click on - \TEX -VPSC

VPSC button to Open atex files Simulation Parameters Select Slip Systems
open the VPSC — J

module Import data

Tools

Simulations { )

c I WA

Help - Support

Instruments and Controls

éUpdate 7\ About @ Users ‘\I.l'cense

Authors, contributors...

Licenced to Benoit BEAUSIR

Contact:

Computer: Defoul

Load Input Texture (if you have ebsd data, open it, export them to an *.orli.atex file in the EBSD "Tools" tab) Energy Map >
Please make this reference in your publications:
B. Beausir and J.-J. Fundenberger, Analysis Tools
for Electron and X-ray diffraction, ATEX - software,
www.atex -software.eu, Université de Lorraine -
Metz, 2017

Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 22
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- Simulations (VPSC)

T=X

Select your input

data file AT =X -VPSC
(orli.atex file)

Simulation Parameters Select 5lip Systems
Select the L |
Simulation
parameters

Select your slip
system(s)
family(ies) and if
needed twins
families

Run the
simulations.

You can also
obtain the plastic
energy by
clicking on the
“Energy Map”’
button,

[1-10](11 1) Strength- 1.

Default

Y C:\Users\FEUDENBERGER-ADMIN\Documents|ATEX _V3.5_RELEASE_V3.5\DOCUMENTS|PRESENTATIONS-COURS-TUTO\DATA Energy Map
(Y \), crystal_plasticity_textures_simulationsirandemiooo.orliatex ( 3

Shear = 2, Aluminium

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 23
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- Simulations (VPSC)

T=X

Once the

simulations are \T=X -VPSC

finished an new

file Simulation Parameters Select 5lip Systems
* simu.orli.atex o |

is created in your

working

directory,

answer OK to

open it

AT =X -Message

C:\Users\FEUDENBERGER-ADMIN|Documents\ATEX V3.5 RELEASE_V3.5\DOC
UMENTS\PRESENTATIONS-COURS-TUTO\DATA crystal plasticity textures s
imulations\randoermooo.orli_simu.orli.atex file has been created in your
working directory, you can now open it

Default

C:\Users\FEUDENBERGER-ADMIN\Documents|ATEX _V3.5_RELEASE_V3.5\DOCUMENTS|PRESENTATIONS-COURS-TUTO\DATA Energy Map >
crystal_plasticity_textures_simulationsirandemiooo.orliatex

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 24
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T=X

If you answer
“OK” the ORLI
module will open
automatically
your simulated
texture

Click PF, IPF or
Euler space
Sections to draw
it

AT =X - Orientation List

o

T=X Inverse Pole Figures

Jroing LevssCoer

Coloring

Hexagonal Convention

& ¢

TUTORIAL Textures Simulation — Crystal Plasticity

- Simulations (VPSC)

Textures Options randomiooo.orli_simu.orli

[ I |

ATEX Pole Figures

Plotting Levels - Coloring

Textures

&% SEIQEPH"'E Figures

-

s
-—.‘v‘

4

&

Ifyou change the PFs, don't forget to recalculate

Plotting Options

)| Type: REC | Symm.: Cubic | Intens Min: -0.001 | Intens Max.: 3.537 | Phi= Ind, Khi= Ind | Current PF Value: Ind

d (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE
laced on public Web servers without permission. DE LORRAINE

| inverse Pole Figure: (o10) | Symm.: Cubic | Intens Min: 0.016 | Intens Max.: 5,755 | Phis Ind, Khis Ind | Current PF Value: Ind
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- Simulations (VPSC)

T=X

Euler space

Sections of the .
A T=X Euler Space Sections

simulated

texture, here otting  Levels - Coloring

phi2=0° and 45° Select ODF Sections
Typical i
representative

sections cubic
materials under
simple shear

T
|
|
|
|
|
]
]
|
]
|
|
|
|
|
|
|
|

Plotting Options

g =

Space Limits
EE - E7d - e

Direct Projection

| Euler Section: | Symm.: Cubic | Intens Min: -0.158 | Intens Max.: 12.836 | Phil1= Ind, Phi=Ind, Phi2=45° | Current ODF Value: Ind

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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-> Simulations (VPSC) - varying strain path

¥ - Version 3.5
Select the .-:-?\_ | — X
“SIMULATIONS” Analysis Tools for Flectron and X-ray diffraction \T=X - Flowlines PRDD
tab and click on Welcome Benoit > ROLLING | ECAFRYYIRE DRAWING
“Flowlines” - rarameters Lij (1/s)

— ; e

Open atex files

button to open P g
corresponding — Flow lines
module Import data Flowline Parameters

Select either
ECAP or
ROLLING tab

Set your
parameters and

click on “Export

velocity
gradient...”
button

Tools

Simulations [ )

-~

< m g

Help - Support

Instruments and Controls

é Update /N About @ Users «I.l'(ense
Authors, contributors...

Licenced to Benoit BEAUSIR
Contact:

Computer:

Please make this reference in your publications:
B. Beausir and J.-J. Fundenberger, Analysis Tools
for Electron and X-ray diffraction, ATEX - software,
www.atex-software.eu, Université de Lorraine -
Metz, 2017

ATEXo Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700)
and may not be redistributed or placed on public Web servers without permission.

L OE S O O O O O 1 N 98 4

| —

A6 ERR

I |
\ : 15 30 45 60
\ alpha(?)

Loc — Ly — ey Lyx

Maximum Strain Rate: 3.0755e3

Accumulated Eq. Vm Strain: 0.9261

Eij (1/5)

kD 45 60
alpha(?)

B — By Exy. Eyx

Gliding:

Top Entry Velocity (mm/s):
Bottom Entry Velocity (mm/s):
Top Exit Velocity (mms):

Bottom Exit Velocity (mm/s):

Information

Estimated Test Duration (s): 3.01
Entry Angle: 123
Die length (mm): 24.98

Deformed radius (mm): 40.03
Rolling Force (kN): 47
Rolling Torque (Nm): 258.8
Neutral Point x-axis (mm): 24.2 Rolling Power (W): 270.8

Neutral Thickness (mm): 3.01 Eq. von Mises Strain (centre): 0.885

@ 27
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T=X
-> Simulations (VPSC) - varying strain path

Select “varying
strain path”
Fichier
Choose your
*.vel” file

5 RELEASE V3 MEM tal_plasticity_textures_simulations

Langage Paramétr & cuments

0.001811
AT =X -VPSC

Simulation Parameters Select Slip Systems

[ -
CH

Default

Load Input Texture (if you have ebsd data, open it, export them to an *.orli.atex file in the EBSD "Tools" tab) Energy Map

ATEXo Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700)
and may not be redistributed or placed on public Web servers without permission.

>
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-> Texture calculation Options

Textures . —
calculation llexiisesiOptions Y T =X - Orientation List

options

EEWEIIE

Triclinic|
Textures Options

Hexagonal Convention

-

Textures

©

Rotate Data

&

Rotate Data

LB
O -
[ -
LB

N

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 29
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE




T=X

TUTORIAL Textures Simulation — Crystal Plasticity

Plot the texture
with no sample
symmetry
(triclinic)

Change the
symmetry and
plot the new
texture

Textures Options

g2=45°

ol

-> Texture calculation Options, Sample Symmetries

Triclinic = no sample symmetry

360°

Triclinic = no sample symmetry

ATEXo Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700)

and may not be redistributed or placed on public Web servers without permission.

6.44
5.92
5.39
4.87
4.35
3.83
3.31
279
226
1.74
1.22
0.70

max = 6.44
min =-0.03
Lmax = 22

‘ @ Stereographic
o | 4

Orthorhombic sample symmetry

6.27
5.77
5.26
4.75

Stereographic
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T=X

-> Texture calculation Options, Sample Symmetries

Be careful about
the Hexagonal
Convention

Hexagonal Convention

o B &

ROTATION by 30° around the c-axis (phi2=phi2+30°)

Convention x // a

8.05 8.05 8.05
(10.0)
7.38 7.38 7.38
6.71 6.71 6.71
6.04 6.04 6.04
5.38 5.38 5.38
4.71 4.7 4.71
4.04 4.04 4.04
3.37 3.37 3.37
2.70 2.70 270
2.04 2.04 2.04
1.37 1.37 1.37
0.70 0.70 0.70
max = 8.05 max =4.90 max = 4.39
min =-0.08 min = 0.00 min =-0.02
Lmax =22 Lmax = 22 v Lmax = 22
Stereographic Stereograp! Stereographic

8.05
7.38
6.71
6.04
5.38
4.7
4.04
3.37
2.70
2.04
1.37
0.70

max = 8.05 1A max =4.39 max =4.90

min =-0.08 _(.\» min =-0.02 min = 0.00

Lmax =22 e Lmax =22 Lmax = 22

Stereographic Stereographic Stereographic
50! (o]

rv
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T=X

Here is written
the list of what
todo

. This hand tells
you where to COﬂtent

click

@ 1. Input Data
h 1. Generate textures
2. X-Ray measurements

3. Orientations Maps (EBSD)
2. Simulations (VPSC)
3. Simulations vs Experiments
ﬂ 1. Ideal Orientations

2. Correlation

4. Simulations On Orientations Maps

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 32
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE




T=X

From the ORLI
module, click the
“COMPONENTS”
button to open
the TEXTURE
COMPONENTS
calculation
module

TUTORIAL Textures Simulation — Crystal Plasticity

- Ideal (stable) orientations

AT =X - Orientation List

Textures Options randomi1ooo.orli_simu.orli

A T=X Texture Components
Hexagonal Cor

@

Texture

Select From

R

Rotate D

£
551 - |

Orientations

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 33
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE




T=X

Select the
components you
want to know
the volume
fractions

Here the ideal
orientations for
fcc crystals
under simple
shear

Click on the
“color” button
and then on the
“evaluate”
button

TUTORIAL Textures Simulation — Crystal Plasticity

T =X Texture Components

Select From

Orientations

Ab: [-1 -1 0](-1 1 1) (180. 35.26. 45) =5
A-[110](1-1-1)(0.35.26.45) =5
C:[110](100)(90.45.0)@5

)

L. 8. Tath, P. Gilormini, J. J. Jonas
Acta Metallurgica 1988, 36, pp.3077-3091

Volume Fraction (%)

- Ideal (stable) orientations

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 34
DE LORRAINE

and may not be redistributed or placed on public Web servers without permission.
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T=X

- Ideal (stable) orientations
Click on the

“show ATZ=X Pole Figures
components”
button in the 544 o4
vertical tool bar 7 592 7 592
/= 539 i 539
next to the pole i e Y g
H 435 eh ) 435
flgure plOtS 333 3.83
331 i I
Select “Levels - N _ 279 = : @ 27
- i & 218 - =1 ) by 2728
colorlng’ tab / 1.74 Q 1.74
= / 122 ] 122
0.70 e . A 0.70
Fill coloring -> max = 6.4 A b max = 3.54
“« ) [ 2 min = -0.03 i / min = 0.00
Gray scale ) > / Lnsx =22 ) L - 22

Stersographic | ) Stereographic

In Components

Plotting Options i " ™
- increase the \ 592 / 5.2
. 530 : A 530
size of the _ 3 i ; - . e
components : \ N 436 I/, 435
A § \ 3.83 3.83

- select “Names” — Yy | 3,31 331

2.79 - 2.79
226 L L 2 /N 226
174 . A o 1.74
122 { L / 1.22
0.70 ) o o 0.70

max = 4.42 max = 222
min =-0.04 P min = 0.44
Lmax =22 s Lmax = 22
Stereographic Stereographic

| Pole Figure: (10} | Type: REC | Symm.: Cubic | Intens Min: -0.036 | Intens Max.: 4.424 | Phi= Ind, Khi= Ind | Current PF Value: Ind

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) UNIVERSITE 35
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T=X

Here is written
the list of what
todo

. This hand tells
you where to COﬂtent

click

&C& 1. Input Data

1. Generate textures
2. X-Ray measurements
3. Orientations Maps (EBSD)

2. Simulations (VPSC)
3. Simulations vs Experiments
1. ldeal Orientations

mm) 2. Correlation

4. Simulations On Orientations Maps

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 36
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AT =X —> Correlation

1. Click on the Analysis Tools for Electron and X-ray diffraction
“TOOLS” tab Welcome Benoit -
then select the _
ucompare" Open atex files Q\ \]’ A T =X - Textures Correlation
module. L‘zdﬁf‘ﬂ'
Import data . %
2. Select the two . — \
— lextures Options
textures to be 1 Tools o\
compared,

It can be either
an ODF or an
ORientaﬁon LiSt Textures Options

3. Runthe

computation S5

Simulations

Results

Help - Support

Instruments and Controls

é Update f\ About @ Users Kll’cen;e
Authors, contributors...

Licenced to Benoit BEAUSIR
Contact:
Computer

Please make this reference in your publications:
E. Beausir and J.-). Fundenberger, Analysis Tools
for Electron and X-ray diffraction, ATEX - software,
www.atex-software.eu, Université de Lorraine -
Metz, 2017

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 37
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- Correlation

1. Theresults

appears... T =X -Textures Correlation

Load Data 1

l Load Data 2

Run Cormelation

Textures Options

[=]

=
= S
[
SeseESESSESESeeSe i fopesees
[==1

Textures Options

]
°-

(=

J

&
5

-

(=)

=

7]

g 8
g £
B ° 5
g # ‘E
[=] (=%
&) 2
o

1 8
Results 1 2 3 45 6 7 8 9 101112131415 16 1718 19 2021 2223 24 25 26 27 28 29 30 31 32 33 34 35

Texture Difference Index: 0.26 1

Direct Correlation: 0.961

V-delta Parameter: 0.159

High Ranks: 40.53%

Low Ranks: 8.62%

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 38
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- Correlation

"'r-'.li-'.‘a'.l — /JIIIQ']_JIIU

v g

Jaifs = /\l'_f_fl.ti_’f} fu(g))dg

n .|_|'

i | Y . .
| /|.f.l|:.'ff- felg)|dg
2Jg

I falg)fe(g)dg®
f) -

J J, Filo)dg? - [, fi(g)dg?
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- Correlation

Textures Comparison A

.1|,|;-,|.l

i

T, 7
B

(2

(I:P :.)_:m >_:” .‘;l..n lh;:r.'.r.' ! :r }_:r -.1;.'.-.”» II,;;.::..-IE
- L I = I, 1 = = TS = r.l |'.' = = (NIED TNEE
\» Hr.l Py l g'l' LE L-’.‘I l.-r.' ‘-lu' . ]rl- i LH ‘Irj) o ‘) \ P '{-;I' l jj:' ;I

Sy AT

dEEE——

\ Jll Z”I '}_:-II. J]'g}:"?..’i

t=/n/(1-12)

ORRAINE
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T=X

Here is written
the list of what
todo

. This hand tells

you where to COﬂtent

click
@ 1. Input Data
h 1. Generate textures

2. X-Ray measurements
3. Orientations Maps (EBSD)

2. Simulations (VPSC)
3. Simulations vs Experiments
1. ldeal Orientations

2. Correlation

=) 4. Simulations On Orientations Maps

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE a1
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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T=X

- Simulations on Orientations Maps
Open an EBSD

maps \ T =X - Orientation Maps Analysis : IF-ApTri2-fwcorrioo_SUB_o1.ebsd
Go in tab Fat Al e Properties Inverse Pole Figure Map 100_PH1
v

“Miscellaneous” - e . SaveMaps  Load Maps

S \ : 1 : Current Map: IPF100.PH1
Click on Crystal
Plasticity button
to open the
corresponding
module

Map Calculator  Crystal Plasticity

Recrystallization Fraction

(SO |

RX Grain Number Fraction: - ’
RX Surface Fraction: -

RX Surface Fraction + non indexed: -

560 X 395 = 221200 pixels |Phase:1 | MAD: 0.5 |BCG 93 | BS:255 | pX=0, pY=177 | X=0,Y=88.73 | Euler: 1.72, 49.62, 45.09

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 42
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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Fill all the
parameters, it is
the same than
previously in the
VPSC module

Choose your slip
systems

Choose the
output maps you
would like to
obtain

Run the
simulation

TUTORIAL Textures Simulation — Crystal Plasticity

- Simulations on Orientations Maps

YT =X - Crystal Plasticity

Simulation Type Select Slip Systems Slip Systems (Including Twin systems)
o l:a Cubic Click on a color to modify it
Simulation Parameters
[ ]

[1-10](1 1 1) Strength- 1

Ouput Map Options

Default Settins Load color (55_colors ini) Generate Scale

N\%

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 43
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- Simulations on Orientations Maps

ATEX - Plastic Energy Rate [mMW/mm3]

]

1.02 1.05 1.1 1.15 1.2 1.25 1.3 1.36 mW/mm3

Step size: 0.5pm  Resolution: 560x395 Index. Rate: 100%
Magnification: x200 Tension: 15kV

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE a4
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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- Simulations on Orientations Maps

ATEX - Shear Rate in (1-1-1)<01-1> [s-1]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.28 s1

Step size: 0.5um Resolution: 560x395 Index. Rate: 100%
Magnification: x200 Tension: 15kV

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 45
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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- Simulations on Orientations Maps

ATEX - Shear Stress in (11-1)<101> [Mpa]
AN

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.02 Mpa

Step size: 0.5pm Resolution: 560x395 Index. Rate: 100%
Magnification: x200 Tension: 15kV

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 46
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- Simulations on Orientations Maps

ATEX - Number Of activated slip systems

[ T T T T T
1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
Step size: 0.5pm Resolution: 560x395 Index. Rate: 100%

Magnification: x200 Tension: 15kV

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE a7
and may not be redistributed or placed on public Web servers without permission. DE LORRAINE
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- Simulations on Orientations Maps

ATEX - Slip Systems of maximum shear stress

Step size: 0.5pm Resolution: 560x395 Index. Rate: 100%
Magnification: x200 Tension: 15kV

ATEX® Software (2018) source code and documentation are copyrighted (IDDN.FR.001.420015.000.R.P.2014.000.20700) @ UNIVERSITE 48
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Textures Simulation — Crystal Plasticity

Benoit Beausir & Jean-Jacques Fundenberger

University of Lorraine, Metz, France

www.atex-software.eu
www.atex-software.eu/help.html
www.youtube.com/channel/UCQcAjUova-pa9bGYWVtizGA
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