Tutorials on DAMASK
Crystal Plasticity Software

Based on lecture notes of Philip Eisenlohr (MSU)
Prepared by Praveen Kumar (11Sc)

Tutorial 1: Uniaxial tension type loading on an isotropic material (no specific slip system)
Tutorial 2: Uniaxial tension type loading on a crystalline material (specific slip systems, etc.)
Tutorial 3: Uniaxial compression type loading on a 2-phase alloy



Tutorial 1: Uniaxial tension type loading on an isotropic material (no specific slip system)

Ep sandbox@materials25:~/praveenk/PK01 - .

.

[zandbox@Ematerials2s PEOL1]S 11 ‘15—
total O
[sandboxEmaterials25 PE0D1] S |seeds fromRandom

-N QD"——g:id 64 64 I\ > 40grains.=seeds

FEEMARE: hopy module not available

[sandbox@Ematerials25 PEOL1]S 11
total 4

—-Irw—r——r—-—. 1 =andbox users
[zandboxEmaterials2s PEOL] S

o fm omo o
287 Jun 17 18:58

40grains . seads

eom fromVoronoiTessellationy|-—-grid 64 64

40grain=s.seeds

EEMARE: hopy module not available

geom fromVoronoiTessellation: 40grains.seeds
rescaling =ize X...
rescaling =siFe V...

rescaling =ize 3...42___————
grain=s to map: 40

grid abc: 64 x 64 x 1

size ¥ v z: 1.0 x 1.0 = 0.015625

origin x v z: 0.0 : 0.0 - 0.0 ‘;\\\\
homogenization: 1

teszellating. ..

all [sandbox@materials25 PEO1]S 11

total 20

—-Iw-r——r——. 1 =zandbox users 12638 Jun 17 18
—Iw-r——r——. 1 =zandbox users 3287 Jun 17 18

[zandbox@Ematerial=25 PHO1]ES I

non
R IT

40grains.geom &

d0grains.seeds




[sandbox@materials2s PEOD

now o
=

seeds check 40grains.seeds

EEMAEE: hopy module not available

seeds check: 40grains.seeds

grain data not matching grain count {(1)...
rescaling size X... ‘Q\\
rescaling size v...

rescaling size z...

[zandboxf@materials2s PEO

total 24

—-IrWw—-r——-r——. 1 =zandbox us
—-IrWw—-r——-r——. 1 =zandbox us
—-IrWw—-r——-r——. 1 =zandbox us

[zandbox@materials25s PEOD

EEMARE :

now s
I -

ers
ers
ers

e
o

geom check: 40grains.geom

12638 Jun 17 18:59 40grains.geom
3287 Jun 17 18:58 40grains.=seeds
17571 Jup 17 19::09 geads 40grains.vin D E—

geom check 40grains.geom

hopy module not available

grid ab c: 64 X 64 x 1

sire X Vv Z: 1.0 x 1.0 = 0.015e25

origin X Vv Z: 0.0 : 0.0 : 0.0

homogenization: 1

microstructures. HO‘(E--

[zandbox@material=s25 PE0OL]S 11

total 28

—-IrWw-r—--r--. 1 sandbox users 12638 Jun 17 18:59 40grains.geom
—rw-r—--r--. 1 =sandbox users 3287 Jun 17 1B:58 40grains.s=eeds
—-rw-r——r——. 1 =zandbox users 2311 Jun 17 19:30 meah_ﬂﬂg:ai:a.vtr<&——————
-Irw-r—-r-—. 1 sandbox users 1731 Jun 17 159:23 seeds 40grains.vtu

[zandboxf@material=s25 PEO01]S I




Session Session
Stored sessions Host name: Port number:
. egana 10.194.30.25 | | 2 . .
rronment Using SCP program (such as WinSCP) connect to the
- Directories User name: Password: . .
-~ SFTP [oesasesase » computer running the program (i.e., 10.194.30.25)
‘- SCP/Shel . . .
Comeckon , _ using the same login credentials
 p Private key file:
- Proxy N
o Tunnel > E'
SSH
- Key exchange Protocal
- Authentication File protocol: Allow SCP falback
‘.- Bugs
Preferences
Advanced options
—rEm
’ About.... ] ’ Languages I Save... l ’ Close ] ——
& e B WP Eh @5 :Default - F -
4R Data R e - iEESE | J. PKOL -@ie-o - @I
R:5Teaching®At [1Sc5MT 253 Mechanical Behavior of MaterialshCrystal plasticity\DAMASKAZD _|s0
Name Ext = Size Type Changed Attr | | Name Ext = Size Changed Rights Owner
. Parent directory 17-Jun-2015 7:37:54 PM " -Jun- -Xr- sandbox

mm| mesh_40grains
seeds_40grains.vtu 1,751 17-Jun-1

Transfer the files of interest to your machine for visualization using
“paraview” or anything else

4 1 | 3
DBof 0Bin Oof O 19,587 B of 19,987 Bin 4of 4
% F2Rename | I F4 Edit F5 Copy . F6 Move [ F7 Create Directory 3¢ F8 Delete F9 Properties 1. F10 Quit

8 sfre3 @ 0.00:50




T e I i B —— PeTETER

File  Edit Vie Sources  Filters Tools Catalyst Macros  Help

e BE daF PR KD DB = Open: Paraview Software
i - A v - - | : |Representation - x Qﬁ‘ o ;ﬂ n;’; &i :@I ﬁ a;i @ '-v‘/ G

PR ETEE=L2% ) [ ce & o

Fipeline Browser & X | OLlayout#1X
T
Bl builtin:

Renderview? [m](B][0)(x.

[Re/Teaching/at TIScMT 253 Mecharical Behavier of Materials/Crystal plastiaty/DAMASK/20 Isof »| & € @ 7
e ‘ ‘‘‘‘‘‘ . Opening .vtu file to

. T visualize the positions of
L — 40 points (pivot points for
) o generating 40 grains)

Properties | Information

Properties g %

Agoly ) Reset ¢ Delete

h B N Esc to dear tex)

== Properties (<10 ™)

= View (Render View)

w
i@
o

M=
5
[ Center Axes Visibility

Orientation Axes

Orientation Axes Visibility

File name:  seeds_40grains.viu ok :

Files of type: [Supported Files (*.inp *.anl *.csv *.bet *.CSV *TXT *.dem *.dem *.dem “be | [ cancel |

[] stereo Render

Background
[single color -]
[ @ color [+] [Restore Default]

/

Locations of 40 points (positions are random — thus no two
geometry created using the same commands will be same)
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‘ =2 Properties (seeds_40grains. viu)
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‘ = Display

‘ = View (Render View)

[T] Center Axes Visibility
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;[sandhnx@materialSEE PEOD1) % geom fromVoronoiTessellation —--config 40grains.seeds

EEMALEE: hopy module not available

geom fromVoronoiTessellation: 40grains.seeds
rezcaling =ize X...
rescaling =size v...
reszcaling =ize =z...

grain=s to map: 40
grid abc: 64 x 694 x 1
size X v 2: 1.0 = 1.0 x 0.015625

origin x vy z: 0.0 : 0.0 : 0.0
homogenization: 1
[sandbox@materials2s PEO1]S 11

total 36

—-r'w-r——-r——. 1 =sandbox users 12638 Jun 17 18:
-rw-r—-r—-—. 1 =zandbox user=s 6234 Jun 17 15:
—-rw-r——r——. 1 sandbox users 3287 Jun 17 18:
-rw-r—-r—-—. 1 =zandbox users 2311 Jun 17 15:

—-rw-r——r——. 1 =andbox users 1751 Junm 17 19
[zandbox@materialsZs PEOL)S

59
o4

]
L5

30

29

40gralins  geol

40grains material .config <

40grains. seeds
mesh 40grains.vetr
seeds 40grains.vtu

[zandbox@materials2s PE0OL1] % |cp 40grains material.config material.config

[zandbox@materialsZs PEOL]S 11

total 44

-rw—-r—-r—-—. 1 =zandbox users 12638 Jun 17 18:
—-rw-r——-r——. 1 sandbox users 6234 Jun 17 19:
-rw—-r—-r—-—. 1 =zandbox users 3287 Jun 17 18:
—-rw-r——-r——. 1 sandbox users 6234 Jun 17 19:
-rw-r—-r—-—. 1 =zandbox users 2311 Jun 17 15:
—-rw-r——r——. 1 =sandbox users 1751 Jun 17 19:

[zandbox@material=s25 PEO1]S I

28
54

= ]
L5

57
30

40grains.gedam

40grains material.config
40grains.seeds
material.config €
mesh 40grains.vetr
seeds 40grains.vtu




sandbox@Ematerials25 PE0L1] 4| less material.config
¥Id: geom fromVoronoiTessellation.py 4232M 2015-06-1

# T 02:52:24Z (local) § --config 40grains.seeds

<microstructure> | and Illess”;

(P4

q” to exit

[Grain0l
crystallite
[constituent) phase Y/eexthre™ ¥ TodcEion 1.0

[Grain02]
crystallite
[con=stituent) phase 1 texture 2 fraction 1.0

crystallite
[constituent)
[GrainO4]

crystallite
[constituent)

[Grain05]
crystallite
[con=stituent)

[Grain40]
vatallite 1
constituent) phase 1 texture 40 fraction 1.

crystallite 1 Irtext3353 |
[constituent) phase 1 texture i fraction 1.0

scatter 0.0 fraction 1.0

=
[+1]
E
W
w

s]

)

k

I

i
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=2
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I
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o
[55)
P
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T

k
%]
I
L
[¥e]
V=]
L
L%]

lite

crysta -
fraction 1.0 |4

(constituent)  phase 1 texture 8 1.0 auss) phil 334.017  Phi 109.26 phi2 192.205  scatter 0.0 fraction 1.0
[Grain09] [GrainO g

crystallite 1 ({gaus=s)|phil 179.425 Phi 115.5%91 phi2z 258.158 scatter 0.0 fraction 1.0

[1s]

[constituent) phase 1 texture fraction 1.0

[Grain04]

{gau=ss) phil 80.9573 Phi 107.351 phi2 0.478873 scatter 0.0 fraction 1.0

crystallite 1 [Grain05
({con=stituent)

scatter 0.0 fraction 1.0

=
[+
k
L]
W
L]
)
I
k
%]
T3]
%]
%]
(&3]
1y
]
=2
F
[53]
[1-]
%]
L]
s
1
L s]
T
I
%]
s
[15]
1
[1+]
L

(gauss) phil 243.364 Phi 1495.049 phi2 202.51 scatter 0.0 fraction 1.0




[zandbox@Ematerials25 PEOL1]S material.config|
GHNU nanc 2.0.8 File: material.config

EE:d: geom fromVoronoiTessellation.py s 1 0&-17 H H 1 1) —-—config 40grains.seeds
<microstructure>

[GrainDl]
crystallite 1
[constituent)

[GrainD2]
crystallite 1
(constituent)
[GrainD3]
crystallite 1
(constituent)

[GrainD4]
crystallite 1
[constituent)

[GrainD5]
crystallite 1
(constituent)

[Grain0&]
vatallite 1
{constituent)

yvetallite 1
(constituent)

Editing tools
for “nano”

Read File

Where I=

Saving a file (in “nano”):
1. Ctrl + X to escape
2. Then “Y” to save the changes
3. “Enter” to keep the same name of the file (or change it by typing any name)




-

$5Id: geom fromVoronoiTessellation.py 4232M 2015-06-17 02:52:24Z (local) § --config 40grains.seeds

<homogenization> I
[5X]
type none

<crystallite>
[e==ential]

(output) texture
{output) £

(output) p

{output) orientation
{output) grainrntationl

<microstructurel

[GrainOl]
crystallite 1
[constituent) texture fraction

[GrainD2]
crystallite 1
{constituent) texture fraction

[Grain03]
cryatallite 1
(constituent) fraction

[Grain04]
crystallite 1
{constituent) texture fraction

[Grain0s5]
crystallite 1
{constituent) texture fraction

[GrainO&]
crystallite 1
([constituent) phase 1 texture fraction

BE: Get Help B¢ Writelut Eead File Wi Frev Page
-~ -~ ~

Justify ¥ Where Is WY HNext Page WY UnCut Text By To Spell




-

#51d: geom fromVoronoiTessellation.py 4232M 2015-06-17 02:52:24Z (local) § --config 40grains.seeds

<homogenization>
[5X]
Type none

<crystallitel
[e==ential]

(output) texture
{output) £

[output) p

{output) orientation
{output) grainrotation

<phase> I
{fopthAHASKIcodefcanigfPhase_JE_AlaminamIsoteric.config}l

This is the routine

<microstructurel> (at/opt/...
(Grainol] location)
cry=stallite 1
(constituent) phase 1 texture 1 fraction 1.0 [sandbox@materials25 config]$ cat Pha5E;JE_Al'm.in'm.IsotropEc.conf:{g -
##% 5Id: Phase J2 AluminumIsotropic.config 3824 2014-12-18 18:20:11Z MPIE‘\m.diehl $ ###
G inn2 [Aluminum Isotropic]
[ rain é] # Fuo, J. C., Mikrostrukturmechanik wvon Bikristallen mit Kippkorngrenzen. Shaker-Verlag 2C
crystallite 1 g
[constituent) pha=ze 1 texture 2 fraction 1.0
elasticity hooke
plasticity j2
[Grainl3]
- {output) flowstress
CIFStallltE 1 {output) strainrate
([con=atituent) pha=ze 1 texture 3 fraction 1.0
lattice_ structure isotropic
[Grain04] cll 110.9e9
cry=stallite 1 cl2 58.34e9
{constituent) phase 1 texture 4 fraction 1.0 |Feyiesfactor 3
taul 3les
gdot0 0.001
[Grainds] n 20
B h0 7586
crystallite 1 causat 6326
[constituent) pha=ze 1 texture 5 fraction 1.0 fwo 2.25
atol resistance 1
[G ; l:IE] [zandbox@materials2s config]é I
rain
& Get Help e Writelut W FEead File i{ Prev Page B Cut Text @ Cur Pos
Exit Y Justify WY Where Is @t MNext Page WY TnCut Text i\ To Spell




http://damask.mpie.de/Documentation/Isotropic

In accordance with the Peirce, Asaro, & Needleman (1983) law, the (average) shear rate is formulated as a power-law kinetic equation

"-r' — "-r \-FE " — ;r |'III'§ ||S*|| " [:1)
°\ Mg V2 Mg

.. (3R [3 |I8]\"

e — [ 2

K "0( M’g) "”(‘uz Mg (2)

with 7, a reference shear rate, n the stress exponent (at constant structure), and M an orientation (Taylor) factor.

Structure

Again, following the hardening behavior suggested in Peirce, Asaro, & Needleman (1983), the flow stress g evolves in time due to deformation from its initial value g towards a

saturation value g4 according to
g="%(ho+h )|l — g/gu|" sign (1 - 9/g) » (3)
with free parameters g and . The parameter b, = dhq /d In + introduces a strain rate sensitivity of the hardening slope.

To capture more than the power-law rate dependency of the saturation stress inherentin (1) and (2 ), we make use of the empirical relation
. . [ D
v=A (smh (BgL) )
oy D
. = o alim
= A(smh (Bgm[ﬂ;‘ﬁ'u] : ) ) . (4)
where the factor (’}-I.f"ﬁ-njl"n corrects the (experimentally ohserved) saturation stress g, for the rate sensitivity introduced by the deformation kinetics (1) and (2). Parameters A,

B, C', and D allow for fitting.

The value of A is used to switch between constant saturation stress and rate-sensitive saturation behavior:

That ifA=0

%0 =\ e+ (msin ((/4)42)) / (BG3/30)"")  otherwise ;

!



hooke
phenopowerlaw

(output) resistance_slip ‘Isotropic material”
[output) gshearrate =lip

[output) :Esc'_'-.redazreas_a'_ip Se>, as fOIIOWS
[output) accumulated shear slip
(output) totalshear <phase>

(output) rezistance twin { _.-"n:pt_.-"[:-;ﬂ-ﬁ'-ﬁ?{_.-’c:n::ie,-"c:u::‘.f"_g_.-"P'.’.E-.SE_JE_A'_'_:Ir.‘_:'.';rr:sct:'cp"_r:.c:n::'.f"_g}l
[output) ghearrate_twin
[output) resolvedstress_twin

{output) accumulated shear twin use the fOIIOWing for
[output) totalvolfrac twin o e o .

ial plasticity: a bit more
stic choice:

lattice structure

106.75e9

60.41e3

28.34e9 ode/config/Phase_Phen

gdot0_slip 0.001 inum.config}

n slip 20

taud_slip 3le6 per family This is the routine

tausat =lip 63e6 # per family <?__- .
a slip e (at /opt/... location)

001

2

3lee per family

push-up factor for =1lip saturation due to twinning

oot
s 5 5 7|

i:EE:actic:_a;ips;ip
interaction sliptwin
nteraction twinslip
interaction twintwin
atol resistance

FPhase Phenopowerlaw Aluminum.config




To define load file — let’s use “nano” command to create a file called “tensionY.load”

ET_—' sandbox@materials25:~/praveenk/PKO1 — -~

GNU nano 2.0.9 File: tensionY.load

) inesz 200

More than one loading
sequence can be applied by

writing “all loading
/boundary conditions
commands” in different lines
(first line is first set of
loading, etc.)

[zandbox@material=s25 PEOL
cotal 438 II
-r'w-r--r--. 1 sandbox users 12638 Jun 17 18:59 40grains.geom
-rw-r--r--. 1 sandbox users 6234 Jun 17 19:54 40grains material.config
-r'Ww-r—-—-r——. 1 sandbox users 3287 Jun 17 18:58 40grains=s.seeds
-rWw-r—--r——. 1 sandbox userzs 6446 Jun 17 20:25 material.config
-rWw-r--r--. 1 sandbox users 2311 Jun 17 19:30 mesh 40grains.vtr
T -rw-r——r—-—. 1 sandbox users 17531 E:: 17 159:259 seeds_Q?g?a;:s.vt:
= -rw-r--r—--. 1 sandbox users B2 Jun 17 20:55 tension¥.load € —————————

GNU nanc 2.0.9 File: tensionY.load

[zandboxiEmaterial=s25 PE0OL1]E

000 1le=3 00 00

G Help ® FriteCut 8 Read File @{ Prev Page Cut Te=xt ® Cur Pos
i Justify Where Is Wl Next Page i TnCut Text To Spell



-

'}
[
H
[}
ke
o]
=]
o
it
m
H
I
o
II
i1}
P
L
m
=
[
|'|
Iy

DAMASE spectralll--load tensionY.load --geom 40grains.geonfl> 40grains tensionY.out E

7
m
ot
m
H
I
m
I d
1]
]
L
m
L]
[=1
I 5
¥

[zandboxfmaterial=s2s PEOL]E 11
total 47004

-rY-r--r--—. 1 sandbox users 12638 Jun 17 18:59 40grains.geom
-rw-r--r--—. 1 sandbox users 6234 Jun 17 159:54 40grains material.config
—-I'Ww—r—-—-r——. 1 =andbox users 3287 Jun 17 18:58 40grains.s=eeds
-rw-r--r--. 1 sandbox users 648 Jun 17 21:06 40grains tension¥.C ref
-rw-r—-r-—. 1 sandbox users 1100085 Jun 17 21:0& 40grains tension¥ ipbased.vtk
—-rw-r——r-—-. 1 sandbox users 1005058 Jun 17 21:06 40grains tension¥.mesh
-rw-r——-r-—-. 1 sandbox users 1100088 Jun 17 21:0& 40grains tensionY¥ nodebased.vtk
-rw-r--r--. 1 sandbox users 496515 Jun 17 21:14 40grains tension¥.out
-rY-r--r--—. 1 sandbox users 71 Jun 17 21:06 40grains tensionY.outputConstitutive
-rYw-r--r--—. 1 =zandbox users 77T Jun 17 21:06 40grains tensionY.outputCrystallite
-rWw-r—-—-r-—. 1 sandbox users 148 Jun 17 21:06 40grains tensionY.outputHomogenization
-Irw-r——-r--. 1 sandbox users 44335461 Jun 17 21:14|40grainz tension¥.spectrallut
-rv-r—-—-r-—. 1 =zandbox users 13055 Jun 17 21:14]40grains tension¥.s=sta
-rYw-r--r--—. 1 =zandbox users 6446 Jun 17 20:25 material.config
—-I'Ww—r—-—-r——. 1 =andbox users 2311 Jun 17 159:30 mesh 40grains.vtr
-rw-r--r--—. 1 sandbox users 1751 Jun 17 19:29 seeds 40grains.vtu
-rv-r—-—-r-—. 1 =zandbox users T Jun 17 21:05 tensionY.load
[sandbox@materials25 PK01]$ [ ]
_:sa:dl:ox@rr.at;e:ia'.sES PKO'_::LEI cat *sta - : I SSII 4ograins tenSionY.Sta or *-Sta fi’e
Increment Time CutbackLewvel Converged IterationsNeeded —
L i . ; one in there of this type — “*”
S Lrooonenoononnoooe o : or the probable file names in folder)
e 219000000000000000 oz 1 s simple problem, it converges in 1
Hl ¢ se00000000000000 01 1 elf (more on next slide)




“tail” 40grains_tensionY.out to check the progress

/praveenk/PK01 |E|EI£

IEpOrting +everrnnnn

[zandbox@material=s25 PE0OL1]E tail -f 40grains tensionY.out

error divergence
error diverg

error stress BC

Increment 5/

evaluating constitutive response
e = = = = = = e e = =g
Piola--Kirchhoff stress / MPa =

I 0.0297

=]
=]

¥

Lo o o —

calculating dive
... doing gamma convolution .....

evaluating constitutive response

Piola—--Kirchhoff stress

calculating

... doing gamma convolution

reporting

error divergence

error stress BC =

increment 5 converged

results to file




Creates a folder postProc with text file containing “average of all
load steps” f and p results (no time resolution here)

fg sandbox@materials25:~/praveenk/PKD

[zandboxEmaterialsZs PEO1] %] postResults |40grains te:s;c:?.spectra;ﬂutl——c: f.o

REMARE: hSpy module not available outputs >

ig file for
e —fand p

YT

egzing point 1000 of 40896 from increment 5 (po=it

[zandbox@Ematerials25s PEO1] S postResults 40grains tension¥.spectralOut
EEMAEE: hopy module not available

andbox@material=s25 PEO1]
total 47008

k]

sandbox
sandbox
sandbox
sandbox
sandbox
sandbox
sandbox
sandbox
sandbox
sandbox user
sandbox user
sandbox user
sandbox user
sandbox user
—IW-I—-T . 1 zandbox user
drwxr-xr-x. 2 sandbox user
r-—-. 1 =zandbox user
-rw-r—-r—--. 1 =sandbox user
[zandboxfmaterial=25 PEOL]
[zandbox@material=s25 postPr
total 16
-rw-r——r——. 1 =andbox users

Ly M
[ T L T L R 1

0o O 3 Ld

I
H

ains.geom
ins material.cgnfig
in=.zeeds=
ins tensionY.C|ref
ins tensionY ighased.vtk
ins tensionY.mgsh
ins tensionY ngdebased.vtk
ins tensionY.oft
ins tensionY.oytputConstitutive
ins tensionY.ojtputCrystallite
ins tensionY.oytputHomogenization
ins tensionY¥.sgectralCut
ins tensionY.sta
rial.confiqg
40grains.vtr
T
seeds 40grains.vtu
ten=sionY.load
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.

[zandbox@materials25 postProc]$
Shome / sandbox/praveenk/PED0L /postBroc

[zandbox@Ematerials25 postProc] f |showTable --label 40grainz tension¥.tXt

EEMARE: hopy module not available

showTable: 40grains_ tensionY.txt

inc =] am pode io grain 1 dipipitialecoord

ipipitialcogord

showTable (shows table), showTable --abc
Shows a component of the table

3 dpipitialecoord

£ 3 f 4 f 5 f & £ 7 f 8 f af | |1

2 p

3 p 4 p S p 6 p T

_b 8 p
[zandbox@materials2s postProc] s I

j< 5 p

Tsandbox@materialsQS postProc] 8] addStrainTensors 40grains tensionY.txt --left --logarithmic

REMAERE: hSopy module not available

addStrainTensors: 40grains tensionY.txt

[zandboxfEmaterial=25 postProc]i showTable --label 40grains tensionY.txt
REMARE: hbSpyv module not available

showIable: 40grains_tensionY.TXT

inc elem node ip grain ipinitialcoord

indipditizleoord 1

]

L 2.5 L 4L El 1t

1 _ipinitialcoord
4 p 5 p &

2
8 f 8 T 1p 2 p 3p D Tp 8 p 8 p

Il:ln(\?] 2 I1n(V) 3 1n(V) 4 1n(V) 5 _1n(V) & 1n(V) 7_ln(V)

5L
8 1n(V)

9 _1n (V) r

[;andbox@materiEIEQS postEroc]S I_

[zandbox@materials25 postProc] ] addCauchy 40grains_ tensionY.txt

REMARE: hSpyv module not available

addCauchy: 40grains tensionY.txt
[sandboxBmaterials2S postProc]$ showTable -—-label 40grains tensionY.txt

REMARK: hSpy module not available

showTable:
inc
b

40grains_tensionY.txt
elem naode ip grain
g £ 1 0 2 2

1 ipinitialcoord
4 o e

ipinitialcoord

2
i il o) ]

£ L ha)

3_ipinitialcoord
1 15 (v 2

1]

1f
4_1o(V)

6 f

2 f 3£ »
n(V) 8 In(V

5 1o (V] & 1n(V)

4 f
7_1n(V)

= Hh

1o 2 1o (V)

5_
8

i T
uchy 2_Cauchy 3 _Cauchy 4 Cauchy 5_Cauchy 6_Cauchy

T_Cauchy

8 Cauchy 9_Cauchy I

[ OODOAEIA L E D T L = pPOSLELOC]

[sandboxBmaterials2s postProc]SIaddHises 40grains tensionY.txt --strain 'ln(V)' stress Cauchy

REMARE: hSpy module not available

addMises: 40grains tensionY.txt

[sandbox@materials25 postProc]$ showlable --label 40grains_ tension¥.txt
REMARK: hSpy module not available
|| showTable: 40grains_tension¥.txt
inc elem node ip

_£ 8 f 1p 2 p

uchy 2_Cauchy 3_Cauchy
[sandbox@materials25 postProc]$ I

grain
3_p

1 ipinitialcoord
4 p 5_p
4_Cauchy

_dpinitialcoord
] g

2
T

o 8
- 6:Ca'.:lc hy

6_p
5_Cauchy

B

3_ipinitialcoord .
1 1n(¥) 2_1n(V) 3 _1In(V) 4 _1n(V) 5 _In(V) & 1n(V
7_Cauchy

v

1 £ 2 £ 3 f 4 £ 5 f & T 7
9 1n(V) 1

8_Cauchy §_Cauchy MEses (ln(;] }




Spectrally resolved data = data at each time increment (unlike the average we got in the last slide)

s oesas-ioe T e, ==

Note: (i) need for defining increments and range of data — 200 is total
number of steps but we are interested in only the last step (200%), (ii) get it
by splitting the data set, (iii) identify each data point from its x,y,z
coordinates, and (iv) produce crystallite outputs of f, p, etc.

Following generation of a new text file in postProc folder (with a name ending with
_inc200.txt) (_inc200 here means the data achieved at 200" increment — i.e., the last step),
we again need to generate strain tensors, Cauchy stress tensor and the finally Mises strain
following the same procedure as described before and shown in next slide.



i~ /praveenk/PK0L/postProc

[zandbox@Ematerials2s PE0OL]S 11

total 47008

-rWw-r——r—-—. 1 =zandbox users 12638 Jun 17 18:52 40grains.geom

-rWw-r——r—-—. 1 =zandbox users 6234 Jun 17 15:54 40grains material.config

-rWw-r——r—-—. 1 =zandbox users 3287 Jun 17 18:58 40grains.seeds

-rWw-r——r—-—. 1 =zandbox users 648 Jun 17 21:06 40grains tension¥.C ref

-rWw-r--r--. 1 sandbox users 1100085 Jun 17 21:06 40grains tensionY iphased.vtk
-rWw-r--r--. 1 sandbox users 1005058 Jun 17 21:06& 40grains tension¥.mesh

-rWw-r--r--. 1 sandbox users 1100088 Jun 17 21:06 40grains_ tensionY nodebased.vtk
-rw-r—--r—--. 1 sandbox users 496515 Jun 17 21:14 40grains tension¥.out

-rWw-r——r—-—. 1 =zandbox users 71 Jun 17 21:06 40grains tensionY.outputConstitutive
-rWw-r——r—-—. 1 =zandbox users 77 Jun 17 21:06 40grains tension¥.outputCrystallite
-rWw-r——r—-—. 1 =zandbox users 148 Jun 17 21:06 40grains_ tensionY.outputHomogenization
-rWw-r--r--. 1 sandbox users 44335461 Jun 17 21:14 40grains_ tensionY.spectrallfut
-rw-r—--r——-. 1 =zandbox users 13055 Jun 17 21:14 40grains_ten=zionY.sta

-rWw-r——r—-—. 1 =zandbox users 6446 Jun 17 20:25 material.config

—rWw-r—-—-r—-. 1 sandbox users 2311 Jun 17 19:30 _mesh 40grains.vtr

drwxr-xr-x. 2 sandbox users 4096 Jun 17 21:56

-rWw-r——r—-—. 1 =zandbox users 1751 Jun 17 19:28 seeds_ﬂﬂﬁrains.vta

-rw-r—--r—-. 1 sandbox users Lo Jun 17 21:05 tensionY.load

[zandboxEmaterials2s PKOl]Elcd postProc

w” table

[zandboxEmaterials25 postProc]f 11
total 1588

-rw-r——r—-. 1 sandbox uzers 15988591 Jun 17 21:57 40grainz tensionY incZ00.t=t

—-rw—-r—--r—-—. 1 sandbox users 22721 Jup 17 21:.48 4A0oraips fep=iopy DL

[zandboxEmaterials2s pnstPrDc]SladdHises 40grain= tensionY inc200.txt —--strain 'ln(V)' --stress Cauchy
EEMARE: hopy module not available

addStrainTensors: 40grains tension¥ incl00.txt
[zandboxEmaterial=s25 postProc] £ addCauchy 40grains tensionY inc200.txt

REEMARE: hopy module not available

addCauchy: 40grains tension¥ inc200.txt

[zandboxEmaterial=s25 postProc]$ add Mises 40grains_tensionY¥ incl200.txt 'ln(V)' --stress Cauchy
-bash: add: command not found

[zandbox@Ematerials25s postProc]
EEMARE: hopy module not availab

addMises: 40grains tensionY¥ inc
[zandboxEmaterials25 postProc] &

addMises 40grains tension¥ inc200.txt "ln(V)'

——=stress Cauchy

le
REMARK: hSpy module not available

showTable: 40grains tensionY inc200.txt

200.txt
elem node ip grain

inc
I £ 7_f 8 f 9 f 1p

ientation
uch: 2_Cauch 3_Cauch

1 ipinitialcoord

2p 3p 4. p 5 p 6 1

4_Cauch 5_Cauch

1_grainrotation 2_grainrotation 3 grainrotation 4 grainrotation 1 1n(V) 2 1n(V
6_Cauch

[sandboxf@materials2s postProc]é showlable —-label 40grains_tension¥_inc200.txt

3_ipinitialcoord

7 p 8 p s p 1 orientation

texture 1 f z £

]

5_£6
4 or

3f 4 1
3_orientation

z orientation

7_Cauch 8_Cauch

_In(V) 4 In(V) 5 In(V) 6 In(¥) 7 In(V) A In{¥} 9 In(V) 1 Ca

9_Cauch Mises (Cauch

[sandbox@materialsz5 postProc]$ ||

. Mises (1n(V))
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sandb at
B\ postProc - sandbox@10.194.

Local Mark Files Commands Session Options Remote Help Transfer it to your Computer from server Computer

& B Ll o Default - - . .

R Data -5y - = NEn e W postProc - JQr' V’em’ﬂg 2 | g
Fi:\Teachingat 1SchMT 253 Mechanical Behavior of Materials\Crpstal plastici\DAMASEAZD |20 fhome/sandbox/praveenk /PKOT /postProc

MName Ext ‘ Size Type Changed Attr || Mame Ext ‘ Size Changed Rights Owner
. Parent directory 17-Jun-2015 10:37:56 PM E . 17-Jun-15 9:27:56 PM TWXT-X-X sandbos
|_|40grains.geom 12,638 GEOM File 17-Jun-2015 6:53:19 PM a 94 40grains_tensionY_inc200_IPF_001_cubic.png i

R 40grains_tensionY_inc200_Mises(In(V)).png 0 PNGimage 17-Jun-2015 10:19:56 PM a Ra 40grains_tensionY_inc200_Mises(In(V]).png 0 17-Jun-1510:34:53 PM W-r--r-- sandboy
|| 40grains.seeds 3,287 SEEDS File 17-Jun-2015 6:58:25 PM a | 40grains_tensionY.txt 22731 17-Jun-15 9:48:50 PM W-r--r-- sandbos
| mesh_40grains.vtr 2311 VTRFile 17-Jun-2015 7:30:00 PM a | 40grains_tensionY_inc200.txt 2839931 17-Jun-1510:26:02 PM W-r--r-- sandboy
|| seeds_40grains.vtu 1,751 VTUFile 17-Jun-2015 7:29:35 PM a

IPF after loading

Initial Geometry

4 1 3 4 1 3

1577 B of 19387 Bin 0of 5 1,577 B of 2,797 KiB in 1 of 4
A F2Rename | F4 Edit E3 F5 Copy .13 F6 Move [ FT Create Directory 3¢ F8 Delete 57 FQ Properties K. F10 Quit

8 SFTP3 3:00:04




e sandbox@materials25:~/praveenk/PK0L/p

Local Mark Files Commands Session Options Remote Help

®0H PSS @S BT

Fransfet-it to your computer from server computer for viewing

R Data i@ e [ Ga 4[4 |Ee postProc R I B Ga 4[4 | i
R:MTeaching'at [1ScAMT 2583 Mechanical Behavior of Materials\Crystal plasticibysDAMASEAZD_|so\PRO1 \postProc fhome/sandbos/praveenk /PR postProc
Name Ext = Size Type Changed Attr || Mame Ext = Size Changed Rights Owner
& . Parent directory 23-Jun-2015 7:07:23 PM E - 17-Jun-15 9:27:56 PM PWT-XT-3X sandbo
R/ 40grains_tensionY_inc200_IPF_001_cubic.png 1577 PMG image 17-Jun-2015 10:36:02 PM a R/ 40grains_tension'_inc200_IPF_001_cubic.png 1,577 17-Jun-1510:36:02 PM w-r--r-- sandboy
. L J - .
Bl 40grain f’ Mo@w%m 153 PNG image 23-Jun-2015 6:56:20PM 3 s
40grains_t EI’\Z! Bt etry 22778 Text Document 17-Jun-2015 9:48:50 PM a 40grains_tension¥ .t 22731 17-Jun-159:48:50 PM rW-r=-r-- sandboy
40grains_tensionY_inc200.tet 2,844,035 Text Document 19-Jun-2015 4:53:09 PM a 40grains_tensionY_inc200.bd 2,839,931 19-Jun-15 4:53:09 PM W-r--r-- sandboy

Note: No “--color
bluered” command
in “imageData”, so
plot is in greyscale

Von Mises strain after loading
(in isotropic material under unixial tension, von Mises
‘  |-—_strain is.constant/uniform =not so interesting!)

0B of 2,801 KiBin Dof 4 153 Bof 2797 KiBin 10of 4

e W e o, e T e T e n o e e . e e . m




Tutorial 2: Uniaxial tension type loading on a crystalline material (specific slip systems, etc.)

Make a new directory (in this case PK_02), go there and copy geometry, configuration,
visualization (vtu & vtr) and load files from praveenk/PK_01 to this directory

[zandbox@materials2s PE0OZ)
S home/ =andbhox/ praveenk/ PEQ
[zandboxEmaterials2s PE0OZ) cpl..;PKJL;QJg:ai:a.gecﬂl.
[zandboxEmaterials2s PE0OZ) ;;‘R

total 1&

02)

V4

Iy -Ary B3 -y

-rw-r——-r——. 1 sandbox users 12638 Jun 24 14:19 40grains.geom
[sandboxEmaterials2s PE0Z])E| cpl. . /PE0l/material.config
[zandboxEmaterials2s PEOZ]E 11
total 24
—-IrWw-r——r——. 1 sandbox users 12638 Jun 24 14:19 40grains.geom
-Irw-r—-r--. 1 =sandbox users 664496 Jun Z4 14:20 material.config<€
[zandboxEmaterialsZs PEOZ] S cpl PEQOL/* w*
[zandboxEmaterialsZs PEOZ]E 11
total 2184
-rYw-r——r—-. 1 =zandbox users 12638 Jun 24 14:18 40grains.geom
-Irw-r—-—-r—-—. 1 sandbox users 1100085 Jun 24 14:22 40grains tensionY ipbased.vtk <
-Iw-r——-r—-—. 1 sandbox users 1100088 Jun 24 14:22 40grains tensionY nodebased.vik €—
-rw-r——r——. 1 =zandbox users 6446 Jun 24 14:20 material.config
-rw-r——r——. 1 =zandbox users 2311 Jun 24 14:22 mesh 40grains.vir<€
-rw-r——r——. 1 =zandbox users 1751 Jun 24 14:22 seeds 40grains.viu<€
[sandbox@materials2s PE0Z)E| cpl. ./ /PE0l/tensionY. load)
[zandbox@Ematerials2s PEOZ]E 11
total Z1BEB
-IWw-r—-—-r——. 1 sandbox users 12638 Jun 24 14:15% 40grains.geom
-rw-r——r—--. 1 sandbox users 1100085 Jun 24 14:22 40grains tensionY ipbased.vtk
-Iw-r--r--. 1 =sandbox users 1100088 Jun 24 14:22 40grains tension¥Y nodebased.vtk
—-IWw-r—-—-r——. 1 =sandbox users 6446 Jun 24 14:20 material.config
-IW-r--r—--. 1 =sandbox users 2311 Jun 24 14:22 mesh 40grains.vtr
—-IW-r—-—-r——. 1 =sandbox users 1751 Jun 24 14:22 seeds 40grains.vtu
-rW-r——r——. 1 =zandbox users Te Jun 25 18:18 tension¥.load<€




[zandbox@materials25 PEOZ) S I

material .config
EEId: geom fromVoronoiTessellation.py 4232M 2015-06-17 02:32:24Z2 (local) £ ——config 40grains.seeds

<homogenization>
[5X]
type none

<crystallite>
[e=zsentiall

{output) texture
(output) £

{output) p

(output) orientation
(output) grainrotation

<phase>
{/opt/DAMASK/code/config/Phase J2 AluminumlIsotropic.config}

<microstructurel
[ Bead 300 lines
e Get Help % WriteOut Read File B cht Text
s ..-.I

Justify il Where I= W - nCut Text gy To Spell

<phase>
{fﬂptfDRHRSKIcndefcnnfinghase_PhEnmpDwerlaw_ﬂlaminamlcmnfig}4?—————

<microstructure>

e Get Help e WriteOut Read File
. .-.I

Justify il Where Is N it TnCut Text iy To Spell




4140 2015-05-05 20:17:50Z MPIE\m.diehl

hooke
phenopowerlaw

resistance slip
[output) ghearrate =1lip
[output) resolvedstress slip
[output) accumulated shear slip
(output) totalshear
[output) rezistance twin
[output) ghearrate_twin
[output) resolvedstress_twin
(output) accumulated shear twin
(output) totalvolfrac twin

lattice structure

106.75e9
60.41e3
28.34e3

gdotd_=lip 0.001
n slip 20 blane, tausat —

2

ta'_;:l_s_'_L_:_ J:Eﬁ per farr.'____g-' a convergence
tausat slip 63e6 per family

a2 slip .25 efer to next page
.001

2

3lee per family

push-up factor for =1lip saturation due to twinning

oot
s 5 5 7|

i:EE:actic:_a;ips;ip
interaction sliptwin
nteraction twinslip
interaction twintwin
atol resistance

FPhase Phenopowerlaw Aluminum.config




[sandbox@Ematerials2s PEOZ] DAMASE spectrall --load tensionY¥.load --geom 40grains.geon) >40grains tensionY.on

[1] 13054 K >
[zandbox EnR.:;a'_SEE PEOZ]

Job number at and geometry  Write solutionin  Run in

“server” computer Run simulation this file background
(DAMASK software, Spectral method)

P sandbox@materials25:~/pravesnk/

[zandbox@Ematerials25 FEO0Z]

[1] 13054

[zandbox@material=s25 PHOZ]

total 8144

sandbox

sandbox

sandbox

-—. 1 sandbox

sandbox

--. 1 =andbox
sandbox user 267
sandbox T7
sandbox use 148
sandbox u 2654565
sandbox user 185
sandbox user 6448
sandbox user 2311
zandbox U 1751

1 sandbox 1 T8

[zandbox@material=s25 PHOZ]

—IW-L

=]

40grains.geom

40grains tension¥.C ref
40grains_tension¥ ipbased.vtk

40grains tenzion¥.mesh
40grains_tension¥ nodebased.vtk
40grains tension¥.out <t
40grains tension¥.outputConstitutive
4¢0grains tension¥.outputCrystallite
40grains tension¥.outputHomogenization
40grains tension¥.spectralOut
40grains tension¥.sta
material.conlilg

mesh 40grains.vtr

seeds 40grains.viu
tension¥.load

A ]
I

]
n

—I'W—L

—IW-C

]
n

-IW-C--

2
i
n

LTI = I =S I =V =
1
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=
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“tail” 40grains_tensionY.out to check the progress

[zandbox@materials25 PEOL] tail -f 40grain=s tension¥Y.out

doing gamma COnVoOLlULION ... ... n it et s et s s s

"aluating CONSTItULIVE FeSDOMSE . .o n i n st n s s s s m s nnnn s

- —Eirchhoff stress / MPa =
0.0153 3.1500
3.1739 85.9265
-0.6066 -0.5785 34.4577

a
Ciloculating divVergeNCRe ... eeesssssssssosssssssssssssssssssssnsnsssnsnss
diing gamma CONVOLUELION v e urnossonssasssssssssasnassassnnnssnnssnssss
TEDOTTITIO 4 v s s s s nm s s mm o m s ms s s ssssssosssssssssssssssssssssssssssnnss

—m e mm e mm mm mm Em Em Em e Em Em e Em Em = = mm ==

divergence = 2.08 (8.9BE+04 / m, tol = 4.30E+04)
stress BC = 0.02 (1.53E+04 Pa, tol = 8.59E+05) I
" - - -_— - - -_— - - -_— - - -_— - - -_— - - -— s b

ent 10/200-1/1 @ 001<003<250

Iteration

ation gradient aim =

0.9¢ 55508 0.0000000 0.0000000

0.0t 00000 1.0050000 0.0000000
0.0¢ 00000 0.0000000 1.0000000
2t aluating CONSTItULIVE YeSDOMSE .. u .ot n et n s e s s s s s nnnn s

Piola- -Kirchhoff stress / MPa =
-0.0017 3.1488 -0.6045
3.1798 85.9150 -0.5820
-0.6072 -0.5781 34,4474

i lculating divergence ....cecsnsssnsssnsssnsssnsanaflanesarembld™0 ..
ing gamma convolubion ....ccievrennsnnnsnnnseafonnnnnnnsnnssnnnnsnnnns

evaluating constitutive response ....cvvsevagffivennnnnnnnnnnd

increment 200 converged finishes

F O

. writing results to file ........c ittt ii ittt e i

AT AAAAAAAAAAATAAARAAANAAAAAAAAAAAAATAAAAAAAAAAAATAAAAAAATSIAATAAATTATTTTN

000200 out of 000200 (100.0 %) increments converged!

DAMASKE terminated on: e o °
Date: 25_-"3 /2015 flnISh lltall”

Time: 1s:




40grains_tensionY.sta

by -

] o N s L) R e

eck for an increase and then a decrease
d then finally a stable number of
erations to converge to a solution

o I I T v I

[T R ]

LT U TR VR U B U T BT~ B - S U R U R U PR FUR FURR FUR FUR N (TR SO U S U ST ST ST S BT T A

L I e e e I B




» Now, either we can “postProc” data at increment step (as we did in the last example) or write the following shell
program using “nano” with list of commands in same sequence as earlier, save it with some name (such as

do_postprocess.sh), and run all it in one go!

postResults] 40grains tension¥. spect:a;{

——increments e f 120, 160 and 200)

——range 0 200 40 |

--separation X,v, zl I( ond has to be

——szplit "

——cr texture, f,p,orientation,grainrotation )

I& After this step, we have 5
(* _inc40.txt, *_inc80.txt,
folder with results at incr¢

theFile=40grains tensionY inc
addStrainTensors] 5 ?7.txy ——-left —-logarithmic
addCauchy 5 7 TR
addMi=es 5 ' ?.tx] ——strain '"In(V)' —--stress Cauchy
addIPFcolor 5 ?? . tx] ——pole 0 0 1 ——symmetry cubic —-—guaternion orientation
imageData ${theFile}?2?.txt \ R information in
——label "Mises(ln(V))" X - . .. .
tanoe 0 0.3 i e text file (name theFilexx — xxx is increment like 04
—-dimension 64 64 \ using usual calculations
——color green —-invert . L.
& strain within
imageData £{theFile}???.txt ) b name:
——label '"Mises (Cauchy)'
——range 0 150e& %
——dimension &4 &4 °
——color red --invert &
imageData S{theFile}?7?7.txt )
—-1label "4 grainrotation’'
——-range 0 20\ &
——dimen=sion 64 &4
imageDataRGE {theFile}??7.txt \
--label IPF 001 cubic &
——dimension &4 64

do postprocess.sh (END)



i~/praveenk/PK02
[sandboxEmaterials2s PEOZ2]% 11
total 112832
. sandbox users 12638 J 24
. zandbox users 648 I 25
sandbox users 1100085 Jn 25
sandbox users 1005058 25
sandbox users 1100088 25
sandbox users 3425759 J 25
zandbox users 1 25
sandbox users 1 25
sandbox users 1 25
zandbox users 1 un 25
sandbox users | 1 25
sandbox users 1 25
zandbox users 1 25
sandbox users 1 24
. sandbox users Jun 24
r . 1 sandbox users ] i
[sandbox@materials2s PEOZ] dc_pcstp:ccess.ahl
(00:00:09) processing point 00 of 4096 from increment 40 (position

[
[
w

40grains.geom
40grains_tension¥.C ref
40grains_tensionY ipbased.vtk
40grains tensionY.mesh
40grains_tension¥ nodebased.vtk
40grains_tension¥Y.out

40grains_ tensionY.outputConstitutive
40grains_tension¥.outputCrystallite
40grains_tensionY.outputHomogenization
40grains_tensionY.spectralOut
Aloradns tensd onth ta

R

w

k3 nonon k) onodnoonodn
Q0oL b Lo

Lo

oW

Ida postprocess. sh
material.config
mesh 40grains.vtr
seeds_40grains.vt
tensionY¥. load

k) A3 0 R
Ry

%]
%]

20.0 10.0 2.0

imageDataRG] 40grains tension¥

imageDataRGB:

imageDataRG]

imageDataRGE:

imageDataRG]

imageDataRGE: -
waterials2t postProc]

users
users
users

Check all text files (notice there nam
and corresponding stress, strain, etc.
files.

users
users
users
users
users
users
users
users
users

(One can do the same one by one also -
or just go in one go ©)

users
users
users
users
users
users
users
users
users
users
users
users
users
users
users
users
users

. sandbox users 3

waterials2t postProc]

Ra R3 R R3 R ORI RY K3 R BRI KD R3 RI BRI R B3 R3 R3 R3 R R RJ ORI A3 ORI R RI R K3 R

QQUOUOQUoUggQgog g




B\ praveenk - sandbox@10.194.30.25 - WinSCP [=l=] = ]

Local Mark Files Commands Session Options Remote Help Transfer it to your computer _from server computer
S @ PES WP R - Defaut i q q
ca Data T@ie - & | praveenk - £O£ vV!‘)ev % T
Fi:ATeachingat 1Sc\AT 253 Mechanical Behavior of Materialz\Crystal plasticig DAMASKA2D_|z0 Ahome/zandbospraveenk
Mame Ext = Size Type Changed Attr | | Name Ext = Size Changed Rights Owner
. Parent directory 25-Jun-2015 9:29:31 PM . 24-Jun-15 2:16:58 PM nA----=- sandboy
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. . 23% Copying
All|files are transferred in your
. .
computer in designated folder

B o e v S B S .
— L LS Es 1 Target: R\ MCrystal plasticity \DAMASKN2D_lsah Once finished:
Local Mark Files Commands Session Options Remote Help - | [stayidie -
& e pEe WP ER Defal It - NEL-
Time left 0:00:05 Time elapsed: 0:00:03
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Tutorial 3: Uniaxial compression type loading on a 2-phase alloy

[zandbox@material=s2s praveenk] 5| mkdir PEO3
[sandbox@materials2s praveenk]
total 28
—-rwWwXxr—-xr-x. 1 sandbox users
drwxr-xr-x. zandbox users
drwir-xr-x. zandbox users
drwir-xr-x. zandbox users
drwir-xr-x. sandbox users
drwxr-xr-x. sandbox users
1 =zandbox users
[zandbox@materials25s pravee
[sandbox@materials25 PEO3):
Jhome/ sandbox/praveenk,/PED3
[zandbox@materials25 PEO3)
Copy the appropriate “.ang” file to the current directory (EBSD data can be exported to .ang file
using TSL-OIM software) — one can use WinSCP as usual

B ociocperooo@iorss 0 e N T T T - e
mn s n

Local Mark Fil Help

MName ype Changec A MName Ext
t "

|| 785_144hr_test.ang 20 w-r--T sar

_ : Geometry will be prepared using this file
S home / sandbox/praveenk,/PE03

[zandbox@material=25 PHO3]

total O
[zandbox@materials2s PE0O3]E
total 204

-rw—r—--r—-. 1 sandbox users 1 Jun 26 14:56 TE&5_144hr test.

I:sa:dbcxémater;a;SEE BED3] %




Steps for creating geometry file from .ang file
1. Create .txt file from .ang by copying it in .txt format
2. Moadify .txt file to add appropriate headers
3. Create geometry from table in the modified .txt file

[zandboxfEmaterials25S PE0D3] ] ] h ang| 7 144hr test.TXC
[zandboxf@materials25 PEOD3]
total 408

-rw-r——r——. 1 sandboxX users

—r—-r——r——. 1 sandbox users

[zandboxEmaterials25 PEO3) S

]

765 144hr test.ang
765 144hr test.CAT <€

J=2

= I
s
LI LLIJ
LI

[
(=]

| S

[zandbox@materials FO3]% ] 2 Teo 144hr test.CxC

Table of data in following
sequence:
F e e L Euler angles 1, 2 and 3,
Commented - (EEEEENEEEE o oo followed by x and y
details of el el | P S coordinates of the point,
entries amen | PRI IR e e A it followed by some “useless
i -t — iR (incomprehensible)
information” followed by
phase information
(1 and 2 are beta-Ti and
alpha-Ti, respectively — as it
comes from EBSD data
itself!) followed by more
useless information




File: 765 l1l44hr test.t=xt

1L
ST S I

[
s O

B T e el L e I Sl ol ol o e o Te T i L ol N e |

a,b, c and d are useless
information

Euler 1 Euler 2 Euler 3 X Y Phase



[zandboxEmaterials25 PEO3) 2| showTabl

EEMARE: hopy module not avai;ab;ékk

showTable: 765 144hr test.txt
1 euler 2 euler 3 euler 1 pos 2 pos

[zandboxEmaterials2s PEO3)E

[sandbox@Ematerial=s2s PE03] % |showTable

EEMARK: hipy module not avai;ab;E“\

U=sage: showTable [options] [file[=]]
Show components of given ASCITtable(=).

|Cptions:
——version show program's version number and exit
-h, —--help 2how this=s help me=ssage and exit
——head cutput all heading (info + labels)
——info gutput info lines
—=label=s output labels=s
——data output data
——column switch to label column format
——nolabels table has no labels

[zandboxfEmaterial=25 PEO3] £ |showlable|-df 765 l44hr test.txt

EEMARE: hopy module not available

TEE_LHHh:_test.txt

examples) = anyway, there are 59 x 39 in EBSD data, somehow one row is lost here!



test.txtll
Show the table data (use “showTable —d

-

65 144

—_—
¥
i

materialsZzs PE

zandbhox@

filename.txt | less” command at the end

to read data page by page

a0

-

e

AR e P ——
1.26000 8.61000

-

48255 4.836658

a

ERr oA
JENL)

g.6

o
VO

e

02024 4.4

E.-.- -
11 Ja

o
A L

024

1.81451 2.

26

2.230

-

.

-
67000

60854 5.

-
-

-
<4 =

b4

3 T
o




[zandbox@materials2s PE0O3] 5| filterTable| -h

L

EEMAEE: hopy module not available

Uzage: filterTable options [file[=]

Filter rows according to condition and columns by either white or black

listing. Examples: Every odd row if ®x coordinate is positive —— " #ip.x# >=
0.0 and # row #%2 == 1 ). All rows where label 'foo' eguals 'bar' —- " #¥foo#
— rlha-\.-rl L}
Cptions:

——version show program's version number and exit

=h,., ——help show thi= help message apd exit

-Ww <string LIST>, —-—-white=<=string LIST>

white li=t of column label=s (a,b,c,...)
-b <string LI5T>, —--black=<string LIST:>

Black Jli=st of column dshels=s (a8 b o ]

- 2tring, --condition=string
condition to filter Tows

[zandbox@macerial=s2s PEO3]% showTable -1 765_144hr test.TXC
EEMARE: hopy module not awvailable
showTable: 765 144hr test.CXT

L_E:;e: Z_E:;E: E_E:;E: L_pcs 2 pos a b phase [ |
[zandbox@material=s25 PEO3]E| filterTable < 765 144hr test.tTxt -w '? euler' -c '§ row F == 1"

EEMAERE: hopyv module not available

filterTable
2 header
5Id: filtexrTable. 22:31:32Z p.eisenlohr 5 -w ? euler -c # row # = 1

1 euler 2 euler 3
0.93261 0.70151 2




[zandboxEmaterials25s PEO3)

EEMARE: hopy module not available

-

“lr

phase, and

Cptions:
——version show program'=s wversion number and exit
-h, --hel show this help message and exit
——coordinates=string coordinates label
——phase=string phase label

-2 string, --eulers=string

—

Euler angles label

—-d, —-—-degrees angle=s are given in degrees [False
-m =tring, --matrix=string

matrix label
string crystal frame a wvector label
string crystal frame b wvector label
string crystal frame c wvector label
string,

label

——axes=string string
coordinate frame in term=s of position
coordinate frame [=ame]
-5 <string LIST>, |-—syvmmetryv=<string LIST:> ljStOf
crystal symmetry [cubic] {orthorhombic, tetragonal,

symmetries

hexagonal . cubic}
-t float, |-—-tolerance=float
angular tolerance for
——homogenization=int homogenization index to be used
——crystallite=int crystallite index to be u=sed
[sandbox@materials25 PE03] 3 I

angle

P —




geom fromTable] ——coordinates

[zandboxEmaterial=s2s DEO3) —-phase phasejj--axes -y -Xx -2 -
—symmetry cubic,hexagonal] 765 l144hr test.tXt] —-tolerance 0.02

EEMARE: hopy module not available

geom fromTable: 765 l144hr test.LxL

grid ab c: 39

gize X v z: T. 0.204815324615

origin X v z: 0.

| |

homogenization: |1

lfmicrostructuresq o

| [zandbox@materials
| |

[zandbox
total 42

(]

Ematerials25 PE0D3] S

-rw-r——r——. 1 =sandbox users 208148 Jun Z2& 14:56 765 1l44hr test.ang
—-rw-r——r——. 1 sandbox users 22221 Jun 30 21:44 765 l1l44hr test.geom <€
-rWw-r——-r—-—. 1 sandbox users 201377 Jun 30 20:53 765 1449hr test.CXHC
m [zandboxfEmaterials2s PEO3] EI less 765_144hr test .c_:ecrrIJ
554 header
$Id: geom fromTable.py 9 2015-06-21 11:56:05Z p.eisenlohr $§ --coordinates pos —--eulers euler --phase pha
=2 —-—axes -y vy cubic,hexagonal 765_l44hr test.txt —-tolerance 0.02
grid a
size x z
origin 0 z

homogenization

rhaze 2 texture 1 fraction 1.0
rhaze 1 texture 2 fraction 1.0
rhaze 1 texture 3 fraction 1.0
phase 2 texture 4 fraction 1.0
phase 1 texture 5 fraction 1.0
phase 1 texture & fraction 1.0




Creating a materials.config file from the .geom file itself (note — earlier we created material.config file
using Voronoi Tessellation on the seed points; however, we do not need any tessellation here as geom file
already has all information about grain definition, etc.).

[zandbox@materials25 PEO3) % |showTakbldg

Cotions:
——wversion show program's wversion number and exit
-h, —-help show thi=s help message and exit
—a, ——head
——info
—-label=
——data
-, ——column 73 i column format
——nolabels table has no labels |$
[zandbox@Ematerials25 PE0O3] S I

TEE_LQQh:_test.gecﬂ

REMARE: hSpy

showTable: 765 144hr test.geom
jsa:dbcxgmate:Za;sz5_P33514 11 |
total 444

-rw-r——-r-—. 1 sandbox u
-rw-r—-r--. 1 sandbox u
-rw—-r——-r——. 1 sandbox u
-rw—-r——-r——. 1 sandbox u

14:56 Te5_144hr test.ang
21:44 T65_144hr Test.geom
20:53 T65_144hr test.tXT
22:58 mate:;aL.cc:f;g(

L Ll fad R
[ T e T e T




i;'_-' sandbox@materials25: ~/praveenk/PK03

[[sandbox@marerials2s PRO3
<microstructure

[Grain0]
crystallite 1
[constituent) phase

[Grain02]

fraction

5]
ot

T
]
ot
2
H
m
b

loonimasyem) phese dmewmane FracTen Thus, other way of making “material.config” file is to copy
il hase 1 cewture 3 morion .geom file to material.config file, open the material.config

[Grain(4]
crystallite 1

file (say using nano or even Notepad ++) and delete the
(cemevitusnt)  phase fraction 1. top non-essential stuffs = this may be useful if it is
crystallite 1 ' difficult to calculate 548 number (??)

[constituent) phase 1 texture 5 fraction

%]
of
T
b
ot
=
H
1]
W

crystallite 1
(constituent) phase 1 texture & fraction

[Grain07]

phase 1 texture

wdbox@materials2s PEO

phase 1 texture

IGrain0g] $Id: geom fromTable.py 42789 2015-06-21 11:56:05Z p.eisenlohr § --coordinates pos --eulers euler --phase phase --axes -y -X -z —-symmetry cubic, hexagonal '
- 65_144hr test.txt --tolerance 0.02

grid a 3 b 58

phase 2 texturel’ize = z 0.

rigin z 0.

homogenizatio
crystallite 1 i o -
(constituent)
[Grainll]

fraction 1.0

fraction 1.0

fraction 1.0

fraction 1.0

fraction 1.0

fraction 1.0

fraction 1.0

fraction 1.0




Editing material.config file to include options for homogenization, output and phases

[zandbox@Ematerials25 PE03] % |nano material

‘materials25:~/praveenk/PEO3

GNU nano 2.0.9 File: material.config

<homogenization>
[none]
Type none

<crystallite
[aLittle]

{output) phase
{ouctput) £

(output) p

(output) orientation
{output) grainrotation

<phase>
{;cpt;DAHASK;ccdefcc:figfPhase_Phe:cpcwe:;aw_BCC—Fe::ite.cc:fig}

{/opt/DAMASKE/code/config/Phase Phenopowerlaw cpli-alpha.config}

<microstructurel \

(constituent) texture
[Grain02]
ite 1
(con=stituent) 1 texture
[Grain03]
rstallite 1
{constituent)
[Grain04]
retallite 1
(constituent)
[Grain05]
tallite 1

Get Help WriteOut Read File Bd{ Frev Page W Cut Text
Exit Justify Where I= Wl Mext Page WY UnCut Text
[sandbox@Ematerials25 FE0O3) :eadlmate:ia;.
<homogenization
[none]
type none

<crystallitel
[alittle]

(output) phase
{output) £

{output) p

{output) orientation




Writing the load file (uniaxial compression at rate of 103 s)

Modified

& Wri u 5 Re ile g{ Frev Page
Justify here I By Next Page

[zandbox@materials2s PEO3]

total 448

—-rWw-Ir——I——. sandbox users U T65_144hr test.ang

-rwWw-r——-r—-—. sandbox users U 3 Té5_1494hr test.LCXHC
sandbox users u 765 _144hr test.geom
sandbox users u ) material.config
sandbox users I'7T Ju compressionY.load€




Running DAMASK Simulation on more than 1 node (©)

=1l - —

E& sandbox@materials25:~/praveenk/PE03
[zandbox@materialszZs 1 cat /sproc/cpuinfo
24

[zandbox@materialszZs

[zandbox@materialszZs
[zandbox@materials2s 1
1 £ J

[zandbox@materials2s 15 I

[sandboxfmaterial=s25 PEO3] DAMASE spectralf--load compressionY.load --geom 765 144hr test.geomd > 765 144hr test compressionY.oun

[1] 28023
M| [sandboxErENgrials2s Pro31£ ]

Job number at Jsing these loac Write solution in Run in
“server” computer and geometry this file background

I:sa:dhcxgmateria;sEE PED3) tail -f 765 144hr test compressionY.out

e sandbox@materials25:~/praveenk/PKD

.. e'-!a'_;at'_:g CONSti1tutlive IeSPONSE ... ...t iuuictnnnorennarennnannnnaeennn FOIIOW as the
Piola--Kirchhoff stress / MPa = . o
simulation runs

0.0574 59.0264

e7.ma77 o064 (On 4 nOdBS, it WiII run i g e s S Y l
.. calculating divergeNCE ... ...t ietinteennsonsansansasnsansansnssnsansn radient Bis
.. doing gamma COnNVOLUTION ......utintioioiine e et sansnnnnsnsennns very faSt) :

Piola--Kirchhoff stress / HPa =

-0.0353 59.0371
57.2683 -581.6450
-67.846% 9.0088 -
+ arning +
- 850 +
«. c@lculating diVeIgeNCEe ...:eessssassasassnsssasnssassnsnssnnssnsassnssnns "
l max number of cut back exceeded, terminating | +
.. doing gamma CONVOLULION . ... ct e ratarncenanancsasansnsnnasasasansnnnns
STOF 2
ve FEDOFLAINMGO tue i et nnsssasassasasssssnssasasssssnsnssassnsnssnnssnsnssnssnns
DAMASK terminated on:
error divergence = 6.72 (1.95E+06 / m, tol = 2.91E+05) Date: 30/06/2015
error stress BC = 0.01 (3.53E+0% Pa, tol = 5.82E+06) Time: 23:58:53

R COLﬂd’ngtconverge“beyoncl:”d DR
Sfhnen  lacdenen  cecsanon 80 steps (i.e., slightly less | A e
than 16 %Strain) I ror stress BC 60.17 (1.TiE+09 Pa, tol 2.04E+ |

Increment 8/100-1/1 @ Iteration 00120042250

=)

o

.0000000 0.0000000 1.0000000

.. evaluating constitutive FeSPONSE ..........ieieiienrennranronsnsansanns



ii' sandboxi@materials25:~/praveenk/PK03 EP sandbox@materials25:~fpraveenk/PK03

Increment Time CutbackLewel Converged IterationsHNee

I I B e B e e e e e e e e e e T e B e T e B B T A I B A T O T I T e I B R I I B B B T B B I I |

= o 100 100 10 0
* test compressionY¥.sta _
(END)

Check — it almost explodes at the end (most
probably, a reduction in total strain or a
increase in total increments (say 0.5 second per
step instead of current 2 seconds per step) will
help it converge???

“less” the .sta file to check for steps required to
converge to a solution




Ry

--lzbel IPF 001 _cubic \
—-dimension 3% 58

LT T
T 18 best_compressron_gbasedtk
TS 148k test_compressaon¥_nodebased ik

man
61135
611,85

H-hom- 13 3558 P
F-hor 15 114258 PM
b 15 1AL PM

hv  Bum  Newfolder
Name : Date modified Type Size .
e o We can use the same old shell program to do post processing for us —
|| PKD2 25-Jun-159:31 PM  File folder - . . .
720150 s B 1SR AdobehcobetD.  25KE however, we need to modify it to suit this problem (look at range,
(#] 20150 and CP 30-Jun-1511:57 PM  Microsoft PowerP... 63,225KB
T ConstitutivePhenoPowerL. 25-Jun-1511:04 PM  Adobe Acrobat D... 2,011 KB I H k H 'I H I d d
Dot enelon . S only two question marks in file name (i.e., ?? Instead of ???), an
= Open R amint
e igning th IPF based heir ph
| P A assigning the proper name to maps based on their phase
[&  Edit with Notepad++
. I number.
g Add to archive... . . o“” e o“ ” . . y7; . ”
Bt ecnt = We can edit using “nano” in “putty” or text editor in “windows
Compress and email.
B  Compressto "do_postprocess.rar” and email
Restore previous versions
@ PowedSO »
Send to 3
Cut
Copy -
1 #!/bin/bash
Create shortcut 3
2eEE 3 postResults 765_144hr test_compressionY.spectralCut \
Rename .
4 ——increments \
Properties 5 —-range 0 75 5 %\ II
& ——zZeparation X,v,Z \
7 ——zplit \
Windows — 8 —--cr phase,f,p,orientation,grainrotation
g
- H i0 cd postProc
editing using |
12 theFile=765_l144hr test compressionY inc
Notepad ++
14 addStrainTensors ${the1?ile —-left --logarithmic
15 addCauchy E{theFile}??.txt
16 addMises S{theFile}??.txt —-strain 'ln(V)' --stress Cauchy
17 addIPFcolor S{theFile}??.txt —-pole 0 0 1 --symmetry cubic --guaternion orientation
18 addIPFcolor S{theFile}??.txt —--pole 0 0 1 --symmetry hexagonal --gquaternion orientation
19
20 for i in 1 2 3; do addCalculation -1 "${i}_ IPF 001" —-f "#${i} IPF 001 cubic# if #phasef == 1 else #${i} IPF 001 hexagonal}" S{EREFIIER??.txt ;done
21
22
23 imageData E{theFile}??.txt \
24 —-label 'Mises(1In(V))}"' \
25 ——range 0 0.3 \
26 ——dimension 3% 58 Y\ | -
27 —--color green —-invert Bl Local Mark Fites c Options Remote Help . " o
28 o s mscmsan .- oo Transfer it to server using winSCP
29 imageData SftheFile}?7.cxc \ : ebiind il il il R
- - R | e/ sanchon/raveerk PO
S0 —-label 'Mises(Cauchy)' \ Sze Type Changed ptr || Mame B2 Size Changed
31 —-range 0 150e6 \ ER Pacent dicectary D-hul-2015 104309 AM L 30-harr-15 030 PR
52 —-dimension 39 58 \ = T ; s onais
=3 —--color red —--invert L. pro3 File foider 01-Jul 2015 123630 &M L 785 144hr testang 6148 T-hane15 Z5650 PM
_ 20,150 and CPpat ZHITSS Adobe ArrobstDoc.. 28-Jun-2IS SS6SEPM m L/ 763 144he_pest_compressieny C_ref 848 S-Rome15 114304 P
34 L ConstitutnemenaPeverlawpd 2056384 Adobe Acrobat Doc..  25-Jun-2015 110800 FM & T matesial.coaty 15351 3)-Rom- 13111546 P
a5 imageData E{theFilel??.txt \ &) -5 165 Micssolt Pewerfon.,  O0-Jul- 2015 EEESS &AM ah | | 765 184hi test.geom LI TR 155040 PN
a0 150 Fpte B1352378 Microsolt PowerPoi.,  03-Jul- 2015 104308 AM & _eempressiee load T ke 15 113001 PM
36 —-label '4 grainrotation' \ ) O-hul-2015 10GROLAM & 765 1akhi_teet_compressien stk 56,260 3-home15 114358 B
o . T5_1d4he_tewt_compression| st FEHAI  Hehee15 115853 B
&I --range 0 20 \ 765_14khe bact_comprateion¥. outpitCentszutive B 30-hen-15 1143403 PA
38 —-dimension 3% 58 T65_L44he test_compressionY. atputCrystalite 71 015 14303 PM
~ 765 144he_best_compressionY.cutputomegenizaticn 150 M-hn 15114300 FM
39 I I I 65 144hr_test_compressionY spectralOut BITSOET M-k 15 115243 P
40 imgeDataRGB s{the]_?ile}??_txt \ | P63 144y _pest_compressiony sta 5330 30-Rane15 11:58:06 FM
4
4
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Check all text files (notice there names) and corresponding stress,
strain, etc. files.

e Then transfer all these files from server to your computer using
winSCP or something like that

e Or, you can “stack” same type of .png files into a animation .gif
file (see next slide) — which then can be transferred to your
computer



......

n.gif
Makes a .gif (with 3 s delay
between frames) using .png files

o
Grain rotation IPF map Cauchy stress Mises strain
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