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Determination of Volume Fraction of Texture Components
Model Functions Method
Example 1

This is an example on how to use LaboTex to determine of volume fraction of texture
components. Analysed ODF with axial sample symmetry is shown in the picture below:

o

Step 1 - Texture Components

In first step we have to find main texture components of ODF. For this purpose we use
orientation analysis :
|+++ v | g |

We can use both methods : automatic and manual.
Automatic method (SORT)

In automatic method LaboTex use texture components from database. First LaboTex calculates
average ODF values (arithmetic mean) for each components from database on the base of ODF values
for all symmetrically equivalent orientations of component. In the next step LaboTex sorts average
ODF values for all components from database. When you press 'SORT' button

Sort uto | F'rf:vl Nt:xtl |

then you can see all components from database and their average ODF values.



ODF ¥alues for Orientations from Database

Project 1 wzorce-new

Spmmetry © 0-Cubic

Sample: Axial-ODF Job: 3
— Orientation Type r Orientations in Basic Region
Mo Origntation Type Name  ODF [averags) [HEL)UY] ? & % ODF
1 < 1 1 13 fiber <1 1 1 fiber fibrer 54.7 45.0 4701
2 <1 00> fiber 4.642
3 {fiber , 0.00, 0.00} Cursor !l 4,642
4 {fiber . 000, 20,00} test 4642
5 {fiber , 1.00, 24.00} 4,303
[ < 3 4 4> fiber 2923
7 <3 3 2> fiber 2522
a < 3 411 > fiber 1.204
9 <31 1> fiber 1.151
10 < 4 115 fiber 1.083
1 < 2 07> fiber 1.091
12 <1 B 1> fiber 1.040
13 {fiber , 15.00, 40,00} 0.938
14 <1 51> fiber 0.855
15 <1 1 5> fiber 0.835
16 {fiber ., 1579, 45.00} 0.895
17 <1 025 fiber 0.450
18 <1 5 43 fiber 0.406
19 < B 71> fiber 0341
20 <0115 fiber 0.204
Yiew Report | QK Cancel

In the list from right side you can see ODF values for each symmetrically equivalent
orientations of component. There is only one orientation for <111>fiber component
(<111>fiber component has not symmetrically equivalent orientations).

When you click on the <311>fiber component you can see 3 symmetrically equivalent
orientations, their ODF values and Euler angles:

x
Project : wzorce-new Syrrmetry @ 0-Cubic
Sample : Axial-ODF Job: 3
r Drientation Type r Orientations in Basic Fegion

Mo Drigntation Type Hame 0DF [average) [HELJUW W] # fi1) [ ODF
1 <1 1 1% fiber 4.7 <1 37> fiber fiber 725 184 1182
2 <1 003 fiber 4642 <31 1 fiber fiber 728 716 1182
3 {fiber , 90.00, 90.00} Cursor 11 4642 <1 1 3> fiber fiber h2 450 1149
4 {fiber . 0.00, 20.00} test 4642

5 {fiber . 1.00, 24.00} 4.303

g <3 4 4 fiber 2923

7 <33 2 fiber 2522

3 < 3 1.204

g < 3

<4

1 < 2 0 7> fiber 1.091

12 <1 B 1% fiber 1.040

13 {fiber , 15.00, 40.00} 0.933

14 <1 5 1% fiber 0.835

15 <1 1 53 fiber 0.835

16 {fiber . 1579, 45.00} 0.835

17 <1 0 2% fiber 0.450

18 <1 5 43 fiber 0.408

13 < B 7 1% fiber 0.341

20 < 001 1> fiber 0.204

iew Report | 0K Cancel




Next, you can check whether all maxims in analyzed ODF are described by texture
components. In marked area (picture below — area from left) is the Combobox in which you
can change the active texture component. The second Combobox (in area from right) allows
you to change of the symmetrically equivalent orientations for active component.

— M 0 oo g — ULUF Froperties
CDF Projection Sample
| Phit |#xial-ODF
i =500 .
Project
0 Feport | |w2|:|rce-ne
45
=1 MD) [2

Sort | Auto | Prev| Nextlt1 5 1> fiber ~fl< 1 5 1> fiber -

LaboTex displays cross mark (+) in place where lies in ODF projection selected orientation
for active component.

7 |

LaboTex displays only one cross mark for one symmetrically equivalent orientation. If you
would like see place in the ODF where lies other symmetrically equivalent orientation then
you choose it from Combobox. Analogically, you can change texture component which is
displaying by LaboTex. When you have found maxim which is not described by components
from your database in LaboTex then you should find this component using manual method.
Next you should add this component to your database in LaboTex.

.




Manual method

You can use "Near {HKL}<UVW=> Orientations" dialog for finding of components by manual
method. You should click left mouse button in local or global maxim of ODF in which you would like
find texture component. You can also choose item "Near {HKL}<UVW> Orientations" from menu

‘Analysis' :

L. LaboTex - SMITH User

File Edit Yiew Calculation  Analysis Modeling  Help

=11 x|

A 1 [C]=] #] Z] (R S(?] ZEEC=] OlZ] [+ ¥ [A] [[s[=]@f 4nfe
D] L] step 500 H eFiber < @ 26.00 H o] 4031 wkL< 1 1 3> Uvw[Fber

_ 45

AxiaODF

Levels
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- @) A |

x| 11

0z
ooF (HELLw] | oog | by
T8 <1 1 3 e fber 252 460
1080 <1145 e fber 135 460 Ma=a763
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OETE <1 245 fiber fber 232 2 200400812
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- ODF Properties

ODF Projection Sample
Phi kial-0DF
Project
Report wearce-new

Global ODF values
’7Maxlmal I 4763 Minimal | 0202

3 81 Data (WD) 2004 [ 7 [20. HfE82s | |
Resdy Sort | Auto | Prev| Next| [< 1 0 0> fiber =<0 1 0> fiber |

ijstart”“g]wg PAMOD® T S =
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LaboTex display near orientations sort by: ODF value (image above), miller indices (image below -
left) or misorientation (image below - right). You can change type of sort by click in appropriate

button.

Mear (HEL)[UYW] Orie

MNear (HKLY[U¥W] Orie

ODF | HKLIU W] oL | ODF | (HELIUY W] || PDy
0749 <1 1 2 fiber fiber 353 450 1148 <1 1 37 fiber fiber 252 450
1149 <1 1 3 fiber fiber 252 450 1080 <1 1 4% fiber fiber 195 450
1080 <1 1 4> fiber fiber 195 450 0743 <1 1 23 fiber fiber 353 450
0E14 <1 2 43 fiber fiber 292 Z6EB 0E14 <1 2 45 fiber fibver 292 26B
tdax. Yalue of Miller Indice = | 15 = b2, Walue of Miller Indice = I 15 3:

You can also change maximal value of miller indices.




Step 2 - First approximation

After step 1 we have found that we can describe all maxims of analyzed ODF using 3
components:

e <111> Fiber (none symmetrically equivalent orientations)

e <113> Fiber (3 symmetrically equivalent orientations)

e <100> Fiber (2 symmetrically equivalent orientations+orientation for ®=0)

Axial- ODF
Levels
45

Ia=4.763
Tlin=0.2302
200408712

You can open dialog for determination of volume fraction of texture component by model
function method using the icon as below:

or you can use a suitable item from menu 'Analysis'.
Dialog window help you in least-squares fitting of the model functions to your ODF and in
creations of model ODF nearest to the experimental ODF. LaboTex automatic use in
calculation following parameters from analyzed experimental ODF:

e crystal symmetry;

e sample symmetry;

e cell parameters;

e grid cell.
These parameters are grayed and user can't change them.
When you start dialog window LaboTex calculates average ODF values for components and
sort components using average ODF values. Hence component No. 1 is the component which
has the greatest average ODF value. LaboTex fill also initial parameters for model functions:



o distribution (set to 'Gauss');
e FWHM for ®1, ® and O (all set to 10.0 degrees);
¢ Volume fraction and background (initial values set on the base of average

ODF values of components).
You can start calculations or you can change initial parameters by click mouse on the suitable
button.

Quantitative Analysis - Model Functions Method - Pro 5[
Crystal Spmmetry Sample S.ymmetry Grid Cells for Output ODF Step ID [
0 [Cubic] IA”'al j' IE'DXE'D j' Diagram Fange +#- 45 0
. Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0% ' ‘I-'
1
FMHME = [fber 050 [FMHMED - [0 450 050 FVHMF% = 00 450
o Vol
Texture Compatent On  Distibution  FWHM £ - FWHM £ Fﬁagwoen Show Syrn. Eq.
|_|< T 1 15 fier L T | e O O = B =]
2Jc 1 00> e I L EEEE | = L LT = - S I vy
{ fiper , 0.00, 20,00} test | ¥ |Gauss = ||fiber 10.0 10.0 |ER=E:
18] f2\c I I I = &+ Automatic " Dnce
4 [t fiber . 1.00 24.00; | ¥ |Gauss r|ffber  Jioo  Jioo [ 12 H =
5 (| 3 44> fioer o P fRawss e [ioo o0 & = % Max leration Number: [T 1000 =
B|]¢ 3 3 25 fiber j ¥ [Gauss jlfiber I‘ID.D |1D.D I 7 j % Max FitEnor%["wDD]:l 100 3:
7| E AT e |7 [Fess =fies oo oo [ % ——
g|[<3 1 1> me | ¥ [fars lfieer oo oo | 2 Hx Heratian
3 [+ 7155 fiber | @ [Faus <fieer oo oo [ 2 x FitEnors (1000}
10]J<2 07> fiber | ¥ |Gass r|ffber  Jioo  Jioo [ 3 H= Fit Caloulation Fragress
Back: d | 25 4
I? M&x | o ientation Set [Set from Database [sott by =] | 5ave Curent Set | ackgrund |
Linearity
Change Initial Parameters I Start Yolume Fraction Calculation | Exit | Exit and Show |

When you click mouse on the 'Change Initial Parameters' then the new options are available.

Quantitative Analysis - Model Functions Method - Prc 5[
Cryztal Symmetry Sample Summetry Grid Cells for Qutput ODF Step Ig_5g
0 [Cubic] IAmaI j' |5-Dx5-D :I' Diagram Range +/- 45 a
. Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 1000% 1000% I T
i
.
FWHM P —  [fiber 050 [FwHM® - (0.0 45.0 050  FWHME = 100 450
o Yol
Texture Component On Distribution  FWHM £ - FWHM {2 Fr?aglt].loen Show Sym. Eq.
|_|< T 11> fiber | ¥ [Rauss ~]fiber  fmo o0 [T % [ 11 1 fber =]
_2|lc1 00> fier | M [Gauss |fiber 00 fin0 13 S %o bion Mode
{fiber . 0.00, 20.00 test - G - | |fib 10.0 10,0 I 13 %
_3 e = J v|Gauss JII = I I j ’7 @ Automatic " Once
4 |[ifiber . 100, 2400} x| W fGauss x|fiber 00 Joo [ 12 H =%
5 |[<F 4 4 be x| M [Gauss wffiber 100 100 |8 =% Man Iteration Number: [~ 1000
B || 3 325 fiber j ¥ |Gauss jlfiber |1D.D |1D.D I 7 :I % Maw. Fit Error % (*1000] ; I 100 3
T [ e e =| ¥ [fass =fieer oo [ioo [z =z ——
8[<3 11> fiber 2| ¥ [faws <l 100 [0 [ 2 =% Healion
8 [[< 4 115> fiber =] @ [Gawss =fier  [in0 [i00 | z Hx Fit Enos (1000
10 |< 2 07> fiber J v IGauss Jlflber |1D 1] I‘IDD 2 ﬁ % Fit Calculation Progress
Backi d| 25 #
p_ Ma.x. Orientation Set |Set from Database [zort by J Save Current Set | EEEEn I *
Linearity
Fix Initial Parameters | Start Yolurne Fraction Calculation | Exit Exit and & oy




You can change:

e texture component (using suitable Combobox);

e turn on/off component from calculations (using suitable Checkbox);

e set kind of distribution (Gauss or Lorentz);

e set initial FWHM for each Euler angle;

e set initial volume fraction of component.
Three diagrams in dialog window show model function for each Euler angle for choosen
component. You can change selection of component by click mouse on the 'No.' button. In
case of axial sample symmetry only ® and ®, Euler angles are essential and available. You
can magnification plot of model function by change of slider position.
Now, you should set texture components which you have found in previous step. First two
components, proposed by LaboTex are good (LaboTex prompts: <111>fiber and <100>fiber).
You should change only component No. 3 and next you should turn off components number 4
to 10 from further calculations.

Quantitative Analysis - Model Functions Method ﬁl
Crystal Symmetry————— — Sample Symmetyy————— ~ Grid Cells for Output ODF—————————— Step Iu [
{ O [(Cubic) ( [ | { [Fo50 -] Diagram Rangs +/-
Centre of Ornientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0% | T
1
p
FWHM®, —  [fiber 050 FwHEA® - [00 45.0 050 FWHME: - 100 450
Mo Texture Compaonent On  Dishibution  FwH £ - FWHM £ \!‘:Iroe!glt?oen Show Syr. Eq
[ [ 1 11> fber =] W [Gauss w|fiber  [ima [0 2 Hxz <111 fber =]
_2|<1 0 0> fiber | ¥ [Gawss r|fiber 10,0 o0 [ 28 =2 o istion Mode
i - - | | = =
_3|< 11 3> fiber | [Gawss x|liber  Jioo  Jioo [ 28 = { £ futomatic  Ores
¢ [[{fiper . 1.00, 24,00} 2 T [Gauwss =|ffieer  Jioo oo 12 Hx
_5 |< 3 4 45 fiber j I |Gauss jlfiber |1D.EI |1EI.D I 3 :’ % Max. Iteration Mumber : lm
B[l 3 3 25 fiber | T [Gauss =] fiber 1o [10.0 I 5 = % Max Fit Eror 2 (1000 ﬁmg
7 |[< 3 411 fer = I [Gauwss ~[fieer  [00 [100 | & =% ——
8 |[<3 11> fber =] I [fews =ffeer 00 oo [ & =% Heration
3 |[c7 7 35 fbmr =] [Gauss ffiber oo [0 [ 2 =% FiErors (1000): |
10]]< 4 1155 fiber | T [Gawss x|fiber  Jioo  Jioo |4 H= Fit Calculation Frogress
|7. Ma.x. Orientation Set |Set from Database [sort by j Sawve Curent Set | Rl e I 2 % |
Linearity
Fix Initial Parameters | Startwolume Fraction Ealculation | E it | Erit and St |

You can save current set of components by click mouse on the "Save Current Set" button:

uss x||fber 100 |1
uss vl : F

cl

I Save Current Set |

Chaeb i aliimmm D mmbiman



You can accept file name proposed by LaboTex or you can set other file name - for example

‘axial.SET’:
Zapisz w; IEWDHK j - £ ED-
- ] SET10,5ET SET3,SET
o4 ] SET11.5ET 8] SETS.SET
Histaria & SET13.56T SET6.5ET
- & SET14.5ET SET7.5ET
LUl ] SET15,5ET SETS.5ET
Pulpit ] SET16,5ET SETH,SET
A ] SET17.5ET 8] Ti.SET
i) #] SET18.56T
Moje doktime . BIDEARER=a)
] SET2,5ET
&) SET25.5ET
4] [»]
Mazwa pliku: Ia:-ciaI.SET j Zapisz |
Zapisz jako o | 32t Files for O Analysis [ SET) | Sl |
P

LaboTex remembers this set and you can input this set from the list of Combobox:

Orientation Set Ia:-:ial j

The default set (set proposed by LaboTex when dialog starts) is set build on the base of the
database sort by ODF value:

Orientation Set ISet frarm D atabaze [zort by j

When you have finished setting up of initial parameters you should click on the "Fix Initial
Parameters™ button :

Fis lrutial Parameters |

Now you can set up last two parameters of fitting calculation:
e Maximal Number of Iteration (default is 1000);
e Maximal Fit Error in percent (where fit error is relative error between
model and experimental ODF). You should input to LaboTex value of error
multiply by 1000 (default is 100 => 0.1%).
These parameters are essential when LaboTex is in 'Automatic' mode. This mode is default .

" Once

Calculation kode
|V & Automatic

RV



In this mode LaboTex finish calculation when number of iteration is greater than maximal
number of iteration or when fit error is lower than maximal fit error. The second mode of
fitting calculation is 'Once’. In this mode LaboTex creates model ODF on the base of initial
parameters of selected texture components and next it calculates and displays the fit error.
User can change initial parameters and he can start calculation once more. This is a ‘'manual’
method of fitting. You can start fitting calculation by click on the "Start Volume Fraction
Calculation™ button:

Start Yolume Fraction Calculation

LaboTex displays number of iteration and fit error during calculation. You can also observe
fit calculation progress:
M ax. Iteration Mumber ; 992

bd &, Fit Error 2 [*1000] ; I 100 3

253

[teration : I

Fit Error (1000 : | 13630,

Fit Calculation Progress

Click on the "Calculation Break" button to break calculation in any moment:

| Calculation Break I

Next you can change initial parameters and start calculation once more.
When LaboTex has finished calculation it displays diagrams for each Euler angle, where
LaboTex shows comparison between model and experimental ODF. There are two mode for
comparison diagrams:

e Normal ('Norm.");

o Difference ('Diff.").
You can change mode by click mouse on the button ‘Norm." or 'Diff.".
In 'Norm." mode LaboTex displays diagrams using colors:

Model | e Dblue (blue area) - for experimental ODF around of center of
Exper. | symmetrically equivalent orientation of component (diagrams are for
Backar_ each Euler angle);
_Mom. | e red (red line) - for model ODF;
e Dblack (black line) - for background of the model ODF (‘'random’ texture
component).

Centre of Orientatiaon

O

100.0%

-45.0 45.0
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In 'Diff." mode LaboTex displays diagrams using color:

e Dblue (blue area) - for common area of experimental and model ODF;
% e red (red line) - for non-common area of experimental and model ODF;
Dif | e Dblack (black line) - for background of the model ODF.

Centre of Orientation
100.0% | T

Figure below shows complete dialog window with diagrams for <111> fiber component in
‘Norm." mode.

Quantitative Analysis - Model Functions Method - Pro il
Crpstal Spmmetry————— — Sample Symmety—————— ~ Gnd Cells for Output ODF ——————— Step IU'ED
’7 0 (Cubic] ’7 IA:-:iaI jv ’7 IE'DRE'El ]" Diagram Flange +/- |45.D
Centre of Qrientation Centre of Orientation Centre of Qrientation
100.0% 100.0% 100.0% o
(Model |
[Exper. |
[Backgr. |
Marm. |
45.0 -4 450
Mo Texture Companent On Distribution  FwHR £ - FWHM § groe!g?nen Show Sym. Eq.
[1 111 fer 2| P [Gauss [ ke [ 138 [ 254 R % [ 1110 fiber =]
_2|<1 0 0% fiber | P |Gauss =] fber | 135 [ 135 | 14 ks Mode
_3|<1 1 3 fiber =l P |Gauss =] fber | 113 | 337 [ 14 Hx [ & Automatic  Orce
4 [[{fiber . 1.00, 2400} | T |Gauss =] fber | 100 | 100 |12 H=x
_5 |< 3 4 4 fiber j r IGEIUSS jl fiber I 100 I 00 | 8 = % Max Iteration Number : Im
B |< 332 fiber =l rlﬁauss =l fber | 00 ] 00 f 7 A% Man FitErran[*1DDD]:|ﬂ
7| a1 e ~] F [Gauss [ fber [ 100 [ 100 | 3 % -
| = [Gauss [ feer | 00 [ 100 [ 2 % eralion
3 |[c7 1 3> foer =] [Gauss ][ fber | 00 [ 100 | z = Fit Exorz (1000): 11868
10]]< 4 115> fiber | T |Gauss =] fber | 100 | 100 |2 Hx Fit Calculation Frogress
I 41 3
I? Ma.r:. Orientation Set |axial j SaveEurrentSetl Background “
Linearity
Change Initial Parameters | Start Walume Fraction Calculation | Exit | Exit andShowl

12




Figure below shows complete dialog window with diagrams for <111> fiber component in
'Diff." mode.

BQuantitative Analysis - Model Functions Method - Pre |
Crystal Symmetry—————— Sample Symmetr}li Grid Cells far Dutput ODF Step I
’7 8] [Cubic] IAxlaI vl |5 5.0 vI D B 4t I—
Centre of Orientation Centre of Orishtation Centre of Orientation
100.0% 100.0% 100.0% 0
-
Diff. l l
45.0 -4 450 -4 45.0
Mo Texture Component On  Distribution  FwHRM § - FwWHM £ }:‘Eg't‘l"oen Show Sym. Eq.
[ [ev 7> heer =] ¥ [Fass <[ ber [ 18E [254 [z [ 11 15 fber =l
2 [f< 1 005 fiber | P fGauss ] fber | 138 [ 135 [ T4 H ® o tion Mods
_3|<1 13> fiber | @ fGauss ] fber | 113 | 337 [ 14 H =% { & Automaiic ¢ Orce
o [[¢fier . 1.00, 24.00} x| T [Gauwss =[] fiber | 100 [ 00 [ 12 A=
_5|< 3 4 45 fiber j I IGauSS jl fiber I 100 | 100 I a :’ % Max. Iteration Mumber : IWE
g (| 3 3 2% fiber j [T |Gauss jl fiber I 10.0 I 10.0 I 7 :I % Max FitEnorZ["‘IDDD]:ITE
7 |[< 3 411> e | [Fauss ][ fber [ 100 [ 100 [ 3 =% =
8 |[<3 11> e =] e <[ feer [ 00 [ 00 | 2 = Heration
a |77 35 fomr =] [Faws [ e | 100 [ 100 | 2 % Fit Eror (1000) TEER.
10]]< 4 115> fiber x| T fGauwss =[] fiber | 100 [ 00 [ 2 A=z Fit Calculation Progress
Izn';‘:itl Orientation Set |axal J Save CurrentSetI Backgroundl 41 2 lllllllllllllll
Change Initial Parameters | | Start Yolume Fraction Calculation I Exit | Exit and Showl

You can choose any symmetrically equivalent orientation from the “Show Sym. Eq.”
Combobox to display the comparison diagrams:

Show Sym. Eq.

|< 111 fiber |

Component <113>fiber is weak in comparison with <111>fiber, hence quality of diagrams
is bad.

Centre of Orientation

L

You can change magnification of component plot using slider. Value in left corner (37.9%) of
diagram shows on the percent of maximal ODF value.

13



Centre of Orientation

9%

!

-15.0 45.0

The comparison between 'experimental’ and calculated ODF for <113>fiber component
exhibits that experimental ODF is more complicated. In next approximation of ODF we
should assume presence of two components instead of <113>fiber component. Model and
experimental ODF are very similar as you can see this in the picture below:

=181

File Edit Wiew Calculation  Analysis  Modeling  Help
R = T = = s o v I S A R P R D N N I R PR
w1234 [ g e llysfa [

Axial-ODF Axial- ODF

45 45

432 432

39 39

36 36

33 33

31 31

28 28

25 25

22 22

19 19

14 14

13 13

11 11

0g 0g
MW a=4.763 MWla=4.720
IWlin=0.202 IWlin=0.490
2004/02/13 2004/02/13
v e 2 o e P2

A =500 A =500

Q0
A

Q0
-

[ [
Ready IO—Cuhic j Iwzurce—newj IAxiaI—ODF j IO—Cuhic j Iwzorce—newj IAxiaI—ODF j

You can find calculated model ODF in last job for current sample (in example shown above it
is job No.4).
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You can find in dialog window calculated parameters: FWHM, volume fraction and
background (see marked area in the figure below):

Quantitative Analysis - Model Functions Method - Project

X

Crystal Symmetry Sample Symmetry Grid Cells for Output ODF Step ID_5D
’7 © (Eubic) ’7 IAxiaI :Iv ’7 IS'DXS'El jv Diagram Fange +/- |45.EI
Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0% 1¢]
(Model _
[Exper. |
[Backqr. |
harm.
-45.0 -45.10 450
i Texture Companent On  Distribution  FwHM § - FwHM % }_.‘Eg[:“:n \ Show Spm. Eq.
1 [ 111> fiber =] T Gauss = e [1E [ 284 TR % [§1 1 3t |
_2|<1 00> fiber | P Gauss || fiber | 135 [ 135 [ 14 Sz g bods
3 <1 135 fber | P |Gauss x| fiber | 1.3 | 337 = P  Uree
[Tfeer . .00, 24,00 52 Il P | e v LR
S | T [Geuss [ iber 900 [100 78 = % Max Iterstion Number: [ 7000 =
_E;|< 3 3 2> fiber = E |Gauss | fiber ] A0 | 100 |7 % a FitError"/o["mDEl]:lTE
7| At e =] [Gauws ][ fer [ 100 [ 100 [ 3 % . =
I | EE =] I [Gauss ][ fber [ 100 [ 100 2 = eralion
_9|< 1 1 3> fiber j r IGauss jl fiber I 100 I = Fit Errar [*1000] : T1EE8.
ﬂ |< 4 1163 fiber j r IGauss jl fiber I 100 Fit Caleulation Progress
Iﬁngda?il Drientation Set |axial j Sanwe Curent Set lllllllllllllll
-l

Change Initial Parameters |

Start Volure Fraction Calculation

Edt | EsitandShow |

Calculation report is available after save of fitted model. LaboTex displays this report when
you click right mouse button on the model ODF. You can print or copy this report:

LaboTex - Texture - Quantitative Analysis Report

User: SMITH
Project: Ferritic
Sample: Axial-ODF
Job: 4
Date:2004/08/14
Time:18:42:11

Volume FWHM FWHM FWHM
Fraction Phil Phi Phi?2 Orientation
Component No 1 - Distribution :Gauss

30.1 fiber 18.9 24.7 <1 1 1 > fiber
Component No 2 - Distribution :Gauss

12.7 fiber 13.0 13.1 < 1 0 0 > fiber
Component No 3 - Distribution :Gauss

8.2 fiber 11.2 19.0 < 1 1 3 > fiber

48.99 Background Volume Fraction

15



Step 3 to N - Second to N approximation

You can add new components (or take place one component by two components) and build
more complicated model of the ODF on the base of differences between calculated and
‘experimental’ ODF from previous step. In the picture below is shown new approximation of
‘experimental’ ODF with components: <111>fiber, <100>fiber, <113>fiber and with new
components: <122>fiber and <3 4 11>fiber (fit error decrease with 11.7% to 10.2%).

=181

File Edit Yiew Calculation Anakysis Maodeling Help
o= N L= = i T e e = P e M T R IR 2
o e o2 45| [0 S e e )

Ayial-ODF Aial-ODF
_ g ! 5.
45 45

[ 4z  — 4z
-] 39 T e = 39
36 ; 36

33 33

<> > 30 <> <= 30

17 17

14 14

21 21

18 18

Ilax=4.763 Max=4.762
in=0202 Min=0358
2004702402 2004409402
o e 2 o eo
< &
4 =500 4 =500
S0 S0
Rl @- N -
o & o &
Ready 0-Cubic j Iwzurce—newj IAxiaI—ODF j 0-Cubic j Iwzorce—newj IAxiaI—ODF j
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Similary, you can make calculation for the 'experimental' ODF with other sample symmetry.
The example below for monoclinic sample symmetry shows 'experimental’ ODF for rolled
ferritic stainless steel (left) and model ODF (right) fitted by LaboTex. Model ODF assumes
only presence of {001}<100> (cube) and <111>fiber texture components.

(0]

02
02
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Example 2
Aluminium Sample

We can find texture component model which describes experimental pole figures. This is an example on how to
use LaboTex to determine of volume fraction of texture components by analysed of pole figures and ODF:

Levels

11.7
10.6
9.5
8.4
73
6.2
52
3.6
3.1
2.5
2.0
15
1.0
0.5

Min=0.022

s s e Max=12.636
Aluminium-o-I Aluminium-o-I Aluminium-o-I 200603115

In first step we have to find main texture components. For this purpose we use orientation

analysis:
4 V%]

We can use both methods : automatic and manual.

Automatic method (SORT)

In automatic method LaboTex use texture components from database. First LaboTex
calculates average pole figures values (arithmetic mean from poles) for each components
from database on the base of pole figure values for all symmetrically equivalent orientations
of component. In the next step LaboTex sorts average pole figures values for all components
from database. When you press 'SORT' button

Sort [ fAuto | F'rf:vl Mt:xtl |

then you can see all components from database and their average pole figues values.
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PF values for orientation from Database (Sort by PF ¥alue) 5[

Symmetry 1 0-Cubic
r— Drientation Typ

Mo

DS wm e m o s ra

=l

[HELJILA ] &} @ % P faum)

325 08 E0.433
70.3 1430 1237 E0.433
703 3.0 2363 B0.433
45.4 734 1EE E0.433
325 B4.6 2884 B0.433

45.4 106.6 3334 60433

325 E4.6 198.4 60.433
484 106.6 163.4 E0.433

5

[ 623232
(32602 32]
(3262 32|
{6322 23]
[62af2 32|
(3 262 3 2] 703 1450 3037 6043
{26202 23]
[26afa 22|
{362223]
P53 3w s 5 a0

— PF walues for poles of orientation [HELJILUV W] ———
@ 8 PF - Yalue

HEL=111  RPF Sample: Aluminium-o]
249 3548 12421
853 1879 4.391

54.7 1as 3190
65 2587 2546
HEL=100  RPF Sample: Aluminium-o]
646 55.0 4.968
734 31649 4433
3o 1972 5234
HEL=110  RPF Sample: Aluminium-ol
24F 87.5 E.454
597 4.0 5.626
6.2 157.1 2562
724 22158 2.068
84.2 97.4 2257
361 2844 2284

In the lists from left side you can see average pole figure values for component (top list) and
pole figure values for each symmetrically equivalent orientations of component (sum from all
poles, bottom list). In the list from right side you can see values for each pole of component.
(when you click on the symmetrical equivalent of component). When you have more than one
pole figures chosen in container then LaboTex shows average values for poles from all pole
figures. Next, you can check whether all maxims in analyzed pole figures are described by

texture components.

‘ a0 | Uy Af ] oo

Cryztallographic Systern and Cell Para

Sort I Auto I Prgvl MNe I{ 3 6 2 }JTexture Component

LaboTex displays cross mark (+) in place where lies poles for selected orientation of active

komponent ( {132}<6-43> in case below):

Aluminium-o-I Aluminium-o-I

Aluminium-o-I

Levels

11.8
10.9
9.9
9.0
8.1
71
6.2
4.6
39
33
2.6
2.0
13
0.7

Min=0.022
Max=12.636
2006/03/18



LaboTex displays only cross marks for one symmetrically equivalent orientation. If you
would like see place in the ODF where lies other symmetrically equivalent orientation then
you choose it from Combobox. Analogically, you can change texture component which is
displaying by LaboTex. When you have found maxim which is not described by components
from your database in LaboTex then you should find this component using manual method.
Next you should add this component to your database in LaboTex.

Manual method

You can use "Near {HKL}<UVW> Orientations™ dialog for finding of components by manual
method. You should click left mouse button in local or global maxim of pole figure in which
you would like find texture component. You can also choose item "Near {HKL}<UVW>
Orientations™ from menu ‘Analysis’ :

Near {HKL)[U¥W] Orientations x|
FPF [HEL]L A | 'Ffl'q]'?% | Mizonientation
18928 18 14 2] A 116 ia
15443 (1 0171 2] /3 450 1900 231 T
12826 [1 012 3-2] 433 450 9300 6.40
12438 (1 01101 3] 252 450 19300 193
9147 [T 07171 4-1] 195 450 19300 17 67
2133 [3-12]2 4-1] 150 577 1084 2096
O3 [3 022 4-3] 420 563 900 11.09
5992 (14 11301 1] 519 472 941 17.84
BA62  [15 114901 1] E21 470 938 17.61
5962 (14 115)(1 1] 577 431 853 1781 [+
bl ax. Walue of Miller Indice = I 15 3:

LaboTex displays near orientations sort by average value for poles of pole figures, miller
indices or misorientation. You can change type of sort by click in appropriate button.
First approximation

After step 1 we have found that we can describe maxims of analyzed pole figures using
components:

e {132}<6-43>
e {112}1 1-1>
e {1463}<2 1-1>
e {110}1-12>
e {123}4 12>
e {1103}00-1>

Next you should open dialog for determination of volume fraction of texture component by
model function method using the icon as below:
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Dialog window help you in least-squares fitting of the model functions to your ODF and in
creations of model ODF nearest to the experimental ODF. LaboTex automatic use in
calculation following parameters from analyzed experimental ODF:

e crystal symmetry;
e sample symmetry;
e cell parameters;
e grid cell.

These parameters are grayed and user can't change them.
When you start dialog window LaboTex calculates average ODF values for components and
sort components using average ODF values. Hence component No. 1 is the component which
has the greatest average ODF value. LaboTex fill also initial parameters for model functions:
e distribution (set to 'Gauss");
e FWHM for ©1, ® and O (all set to 10.0 degrees);
¢ Volume fraction and background (initial values set on the base of average
ODF values of components).
You can start calculations or you can change initial parameters by click mouse on the suitable

Quantitative Analysis - Model Functions Method x|
Crystal Spmmetry————— — Sample S_T,Immetryi Gnd Cellz for Dutput ODF ——————————— Step ID 50
0 [Cubic) IA”'BI j' |5- 5.0 j' Diagrarn Bange +-
. Cenire of Orientation Centre of Orientation Centre of Orientation
1000% 100.0% 100.0% | T
1
a
FWHM P, - [iber 050 FwHM® - (100 450 050 FVHMF% = {00 450
il Yal
Texture Component On  Digtibution  FWHM £ - FWHM £ Fr?ag?:n Show Sym. Eq.
|_|< T 115 fiber = P [Gass e oo oo R % Jo 1 11 fiber =
_2|<1 00> fiber | fGauss ffber oo o0 [E % istion Mode
_3|{F|ber, 0,00, 2000} test i 0 cl EEEE | 2 N I E= { P £ Onoe
4 [[{fiber . 1.00. 24 .00} I ) R | = N R =
T |[<3 4 4vtiber | FfGauss rfffber 100 f100 [ 8 = % Max leration Number: [T 1000 =
Bl 3 3 25 fiber j ¥ |Gauss jlfiber |1D.D I'ID.D I 7 ::I % Max FitErrorZ["'IDDD]:I 100 3:
7| F A e I Nl | e I O = ——
g |[<3 11> fier = P [Ges <l oo oo | 2 leration
3 |+ 175> fber -] & [Gees e [ [ioo | 2 = % FtEme® (1000} |
10|]< 2 075 fiber | fGauss —ffber oo Jioo [ 2 Hx Fit Calculation Pragress
25 %
F, Ma,H' Orientation Set |Set from Databaze [zort by j Save EunentSetl Background I 2
Linearity
Change Initial Parameters | Start Yalume Fraction Calculation | E xit Exit and Shiaw
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When you click mouse on the 'Change Initial Parameters’ then the new options are
available.

Quantitative Analysis - Model Functions Metho 5[
Crystal Swrametty——————— — Sample Spmmetry——————— 1~ Grid Cells for Output ODF————————— Step Iu [0]
’7 0 [Cubic) ’7 IA”ial ]' ’7 IE-D’=5 0 ]’ Diagram Flange +4- 45 0
Centre of Origntation Centre of Orientation Centre of Qrientation
100.0% 100.0% 100.0% | T
|
o
FWHM® - [fber 050 FwHMdY = [jog 450 0.50 FwHMﬁ= Moo 450
Mo Texture Companent On  Distiibution  FwHM £ - FwHM § gggg":n Show Sym. Eq.
[ [<1 1715 fioer =] ¥ [Gauss w|fieer fimo finn 3T % <111 e |
2 ||< 1 00> fiber x| M Gawss fffber  fron 00 13 E e e
. = ~[i %
|3 [JCfier . 0.00. 20.00}test x| ¥ |Gawss x|ffiber 100 oo [ 13 & [ & Automatic  Ones
4 [[{fiber . 1.00, 24.00} x| ¥ |Gawss x|ffber  f1on oo 12 =
5 |[< 3 445 tber | ¥ [Gauss <ffiber [0 [0 T8 =] % Max leration Mumber: [ 1000 =
B |[< 3 32 fiber x| W jGauss w|liber o0 00 |7 = % pa FitErer (000 [T 100 =
7 < 3 a0 e = W [Gawss ~|fiber [1o0 im0 3% ——
8|[<3 1 15 fier = ¥ [Gass <l 00 [ino [z == etation
9 |[<74 115> fiber =] @ [Fauss w[fieer im0 oo T2 = = Fit Eror (100
10|J< 2 07> fiber | ¥ |Gauss |ffber  f1on oo [ 2 Fit Calculation Progress
I? Ma.:-:. Orientation Set |3 et from D atabase [sort by j Save Curment Setl Backgraund I % |
Linearity
Fix Initial Parameters | Sitart Wolume Fraction Calculation | Exit Exit and Show

You can change:

texture component (using suitable Combobox);

turn on/off component from calculations (using suitable Checkbox);
set kind of distribution (Gauss or Lorentz);

set initial FWHM for each Euler angle;

set initial volume fraction of component.

Three diagrams in dialog window show model function for each Euler angle for chosen
component. You can change selection of component by click mouse on the 'No.' button. In
case of axial sample symmetry only ® and ®; Euler angles are essential and available. You
can magnification plot of model function by change of slider position.

Now, you should set texture components 1 to 5 which you have found in previous step. Next
components 6-10 you should turn off from further calculations.
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Quantitative Analysis - Model Functions Method - Project: Aluminium Sample:Aluminium-o-1 Job:2 ll

Crystal Syrmety——————— — Sample Semmetry————— — Gnid Cellz for Output ODF Step
’7 O [Cubic] ’7 IEIrth-:rh-:ml:-ic 'l ’7 IE.D"E.D 'I Diemiem Bemms

100.0% 100.0% 10000%

ID.ED
|45.D
Centre of Orientation Centre of Orientation Centre of Orientation T 0

a “ ‘
050 FwHM® - 00 450 050 Fwemd - oo 450 050  FwHM® - 00 450
N Texture Component On Distribution FVHMﬂ-F“HMﬁ: }:Iroe!gg.loen Show Sy, Eq,
N SEE R =] W [Gauss ~[foa [oo fon [z % [(1 32k 6 43554 =]
_2|{1 T2k 1 113 A4 [ = CETEA | I R (R EEE== ey
_3|{ T 4Bk 211y AR | W Gauss =|jinoJioofoo 7 H x| o o € Manal
af[tr TokTa2 AR = ¥ |Gauss ~|Jioo oo fioo [ H=
_5|{ 123k 4 12> A1 | ¥ |Gauss 100 f1no oo | 6 =% Max Iteration Humber m
I_E;I{ 1 10k 001> 85 j i IGauss jI'ID.D I'ID.D I'ID.D I ] ﬁ % Maw Fit Error 2 [*1000] : 100 ==
d | EEEEE | |Gawss ~JJioo Jioo oo s Hx
i SEBEEEELE =] M [Fews oo oo [oo [ 15 3= eton: |
Kl EEEEEEE =] r [fass fioa oo [oo [z = FiErort (1000)
ol 4 veRa 21> | |Gawss ~JJioo Jioo oo 4 H= Fit Caleulation Progress
F. Ma.x' Orientation Set |Set from Databaze [zort by j Save EunentSetl LRI I 10 e |
Linearity
Fixt Initial Parameters | Start Yolume Fraction Calculation | ’TI Exit and Shoyw |

You can save current set of components by click mouse on the "Save Current Set" button:

uss  w||fiber 100 |1

i

i

Uzz

I S ave Cument Set |

L ol EL I

You can accept file name proposed by LaboTex or you can set other file name - for example
‘axial.SET’:

Zapisz W I@WDHK j - £ ER-
] sET10.5ET SET3.SET
[#]sET11.5ET SETS.SET
[#]sET13.5€ET SETE.SET
[#]sET14,5ET SET7.5ET
] sET15.5ET SETA.SET
[#]sET16.5ET SET9.SET
] sET17.56T 8] Ti.sET
] sET18.5ET
[#]sET19.5ET
] SET2.5ET
] SET25.5ET
4 I
Mazwa pliku: IaxiaI.SET j Zapisz |
Zapisz jako tup: ISet Files for 0.Analyzis (<5ET) j Anuluj |
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LaboTex remembers this set and you can input this set from the list of Combobox. The default
set (set proposed by LaboTex when dialog starts) is set build on the base of the database sort
by ODF value:

Orientation Set |Set from D atabaze [zort by j

When you have finished setting up of initial parameters you should click on the "Fix Initial
Parameters" button :

Fix Initial Parameters |

Now you can set up last two parameters of fitting calculation:
e Maximal Number of Iteration (default is 1000);
e Maximal Fit Error in percent (where fit error is relative error between
model and experimental ODF). You should input to LaboTex value of error
multiply by 1000 (default is 100 => 0.1%).
These parameters are essential when LaboTex is in 'Automatic’ mode. This mode is default .

Calculation kMode
|7 ' Autamatic " Once

In this mode LaboTex finish calculation when number of iteration is greater than maximal
number of iteration or when fit error is lower than maximal fit error. The second mode of
fitting calculation is 'Once'. In this mode LaboTex creates model ODF on the base of initial
parameters of selected texture components and next it calculates and displays the fit error.
User can change initial parameters and he can start calculation once more. This is a ‘'manual’
method of fitting. You can start fitting calculation by click on the "Start Volume Fraction
Calculation" button:

Start Yolume Fraction Calculation

LaboTex displays number of iteration and fit error during calculation. You can also observe
fit calculation progress:

b &, Iteration Humnber : 333

k&, Fit Error Z [#1000] : I 100 3
[teration : I 253

Fit Error [1000]: | 13630,

Fit Calzulation Progress

Click on the "Calculation Break™ button to break calculation in any moment:
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| Calculation Break I

Next you can change initial parameters and start calculation once more.
When LaboTex has finished calculation it displays diagrams for each Euler angle, where
LaboTex shows comparison between model and experimental ODF. There are two mode for
comparison diagrams:
e Normal ('Norm.");
e Difference ('Diff.").
You can change mode by click mouse on the button ‘Norm." or 'Diff.".
In 'Norm." mode LaboTex displays diagrams using colors:
e Dblue (blue area) - for experimental ODF around of center of

Exper. | symmetrically equivalent orientation of component (diagrams are for
Backgr each Euler angle);
_Hom. | e red (red line) - for model ODF;
e Dblack (black line) - for background of the model ODF (‘'random’ texture
component).

Centre of Orientation

100.0% | T o)
450 45.0

In 'Diff." mode LaboTex displays diagrams using color:

e Dblue (blue area) - for common area of experimental and model ODF;
% e red (red line) - for non-common area of experimental and model ODF;

black (black line) - for background of the model ODF.

Dift._| *

Centre of Orientation

100.0% ‘ T o
450 45.0

Figure below shows complete dialog window with diagrams for {1 4 6}<2 1 -1> component
in 'Norm."' mode.
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Quantitative Analysis - Model Functions Method - Project: Aluminium Sample:Aluminium-o-I Job:1 ll

Crystal 5 b Sample 5, b Grid Cells for Output ODF Step W
’7 8] [Cubic) ‘ ’7 Oirthorhombic: ’7 IS.U"S.D Vl Diagram Range +- IH
Centre of Oiientation Centre of Origntation Centie of Drientation
100.0% 100.0% 100.0% o
Model |
Exper. |
Backar |
450 450 450 450 -45.0 450
Mo Texture Component On Distribution FwHMﬂ-FVHMﬁ gl?alg?;n Show Sym. Eq.
| EEEEEEEE F] W [Gaes <[ 123 [ [12a [55 Z x || 2325 ses7. a6 GmEa) v
2|ffr T2kt s A | M |Gauss =) 283 [ 120 [ 148 [ H % i Mode
|T {1 4Bk 2 1415 a2 B B G EER B =k ’7 5 Autormaiic ey
N EEEEEEEE | F [Gaus =] 83 | 84 | 82 [ 2 H=
Tg |1 23k s 12 an S W [Faes =[ 83 [1ar [ 38 [ 2 =% Max eration Number: [Trom =
E {1 10k001: a5 | P [Gawss =) 96 | 87 | B4 | 1 = % Max Fit Enor % 1000 ITE
7|2 31k3 46254 x| T Gauss || 00 [ 1o [ o0 8 H %
8|fZ 1sx3 64553 =] [Gaws ][ 100 [ w0 [ oo [ = leration: "
S| 2R s e 2] [faus [ 100 [ tan [ 100 [ i =] % FhErecs(1000): 74z,
A EREEREE =] P [Gauwss ~|[ 00 [100 [ 700 2z = Fit Calculation Proaress
lin:;;; [rientation Set ISet from D atabase [zort by vl SaveCunentSetl Backgroundl i # lllllllllllllll

Change Initial Parameters | Start ¥olume Fraction Calculation | Exit and Shaw |

Figure below shows complete dialog window with diagrams for {1 4 6}<2 1 -1> component
in 'Diff." mode.

Quantitative Analysis - Model Functions Method - Project: Aluminium Sample:Aluminium-o-I Job:1 |
Crystal Sy iy Sample Sy ry Grid Cells for Output ODF Step IU_5U
O (Cubie) Drthorhombic I | e—— [
Centre of Orientation Centre of Orientation Centre of Orientation
100.0% 100.0% 100.0% jo
[Good _ |
[Backgr. |
450 -45.0 45.0 -45.0 45.0
Mo Texture Component On  Distribution  FWHM$ - FWHM §% ‘;gg't"“oi Show Sym. Eq.
1 |{ 32}k 6 -4 3>5-1 = l7|aauss K| EE | 123 | 35 3/ |[ 23.25, 56.67. 9.46](SymEq) x|
A R i  CE | I R S = R v
f1 46k 2 11> 4R | # [Gauss =]| 161 1.9 12z [18 %
|—3 J et JI I I j ’7 ' Automatic ¢ Manual
N EEEREEEE | FjRass ] 93 | B4 | B2 [ 2 H=x
5 |{ 23k 412> a1 = l7|aauss ol 83 | 141 | a8 | 2 =% Max lteration Number: |_1 000 3;
G|[{1 10D 01> AS j W |Gauss ﬂl 96 | 6.7 | 6.4 I :’ % Max F\tEnDrZ["‘IDDD]:I 100 3:
7lffz 313 46054 il CEEE | R IEE B = —
8|[(2 13k3 6453 =] I [Gauss =][ 100 [ 0o [ oo [ 18 == Heretion
3|[(T T2 1 105 copper ] [ [ewss <] 100 | oo [ oo [ 18 =5 % FitErors (1000 7421,
11| EEEEE x| T JGauss =] 100 | 00 | w0 [ H=x Fit Calculation Progress
Backgiourd | 10 %
If Ma.::. Wrientation Set ISEl from D atabase [sort by vl Save Curent Set ackgroun
INEary

Change Initial Parameters | Start Wolume Fraction Calculation | Exit Ezit and Show |

You can choose any symmetrically equivalent orientation from the “Show Sym. Eq.”
Combobox to display the comparison diagrams:

Show Sym. Eq.
[{1 46}z 115 a1 =
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Component {14 6}<2 1-1> isweak in comparison, hence quality of diagrams is bad.

Centre of Onentatian

L T D
-45.0 450

You can change magnification of component plot using slider. Value in left corner (41 %) of
diagram shows on the percent of maximal ODF value.

Centre of Orientation

-45.0 45.0

The comparison between 'experimental’ and calculated ODF for component {1 4 6}<2 1 -1>
component exhibits that experimental ODF is more complicated. In the next approximation of
ODF we can correct this difference.

Finally, we receive results calculation:

LaboTex - Texture - Quantitative Analysis Report
User: Ozga

Project: Aluminium

Sample: Aluminium-o-I

Job: 2

Date:2006/03/18

Time:18:28:32

Volume FWHM FWHM FWHM
Fraction Phil Phi Phi2 Orientation

Component No 1 - Distribution :Gauss

374 12.6 12.0 125 {132} 6-43>81
Component No 2 - Distribution :Gauss

345 29.7 11.9 157 {112} 1 1-1>Al4
Component No 3 - Distribution :Gauss

18.2 19.0 12.2 136 {1 46}2 1-1> A2
Component No 4 - Distribution :Gauss

23 9.6 104 105 {110} 1-12>AI3
Component No 5 - Distribution :Gauss

0.1 5.9 9.3 91 {1 23}<4 1-2>Al1
Component No 6 - Distribution :Gauss

0.4 6.2 11.7 63 {110}<0 0-1>Al5

6.98  Background Volume Fraction
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Next we can do pole figures calculation from model ODF and we can make comparison
between experimental (first row) and model pole figures (second row).

Levels
11.7
10.7

Aluminium-o-I Aluminium-o-I Aluminium-o-I gg

7.6
6.6
5.5
39
3.4
2.8
2.2
1.7
1.1
0.6

Min=0.022
Max=12.636
2006/03/19

Aluminium-o-I Aluminium-o-I Aluminium-o-I

We can also makes comparison between sections of pole figures as on the example below for
(111) pole:

]

B




“Experimental” (from left) and model ODF (from right):

You can add new components (or take place one component by two components) and build more complicated
model on the base of differences between calculated and 'experimental’ pole figures or ODFs from previous step
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