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Young’s modulus

Young's modulus in GPa (b)

121

single
crystal

max;

299)

lower bound
(Reuss)

upper bound
(Voigt)

ETH:zirich

Scope

Fig. 10. Anisotropy in Young's modulus in SLM specimen. §. »nd applies from (a) to (d). (a) Single-crys

n three-dimensional visualization. (b) Single crystal in
stereographic projection with respect to crystal axes. (¢ and d) Texture based lower/upper bound (Reuss and Vi
sample coordinates. (

ages) in stereographic projection with respect to
X to Y for lower and upper bounds (blue solid lines), for an infinitely sharp
niform texture (black dash-dot lil Measured values for SLM specimen
ence value from database for cast material (black dotted line) are marked for comparison. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

) Profiles along great circles on the stereographic projections from Z

texture in the same principal orientation (red dashed line), for an isotropic material possessin,
(blue full squares) and isotropic re
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Input A — XTG e xe

Sample B (xy-orientation, tensile testing at 23 C)

_ .\data_XTG\
* Incomplete pole figures
No2_hkl.pan
e Corrected for background
& defocussing
Nol hkl.pan
* Non-standard txt-file:
azimuth polar intensity
 Diverse sample orientations No9_hkl.pan
with respect to process
coordinate system
Nol1l0 hkl.pan
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Verify sample coordinate system

Analysis using Raw data plotted using
% plotti ti % plotti ti
seE):M'OI'EX;I)?gf((:?QinISI;??eCtion ","north"); seE):M'IO'EX;I):gf((:?QX§?sE)Ci):eCtion ",east"); . \d ata_XTG\

setMTEXpref (" zAxisDirection”, " oktOfP lane™);

— —

setMTEXpref('zAxisDirection','outotflane');

No2_hkl.pan

Nol hkl.pan




SLM - Process coordinate system

Route parallel: 1 Z = Building direction

Building direction Z !
parallel to cylinder axis B |
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Route perpendicular:
- Building direction Z
* perpendicular to cylinder axis
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Rotate into process coordinate system

rot = rotation("Euler®,0*degree,90*degree,90*degree)
pf _rot = rotate(pf,rot);

Sample B (xy-orientation, tensile testing at 23 C) . \d ata._XTG\

No 2 hkl.pan

No 1 hkl.pan

No 9 hkl.pan

Nol10_ hkl.pan
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Calculate ODF & PDF

odf = calcODF(pf_rot)
plotPDF(odf,pf.h, "projection”, "stereo”, "antipodal ")

J\data XTG\

No 2 hkl.pan

No 1 hkl.pan

No 9 hkl.pan

i Nol10_ hkl.pan
/ :

Scopefv\
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Calculate ODF & PDF — outliers removed

pf _rot(pf _rot.isOutlier) = [];

J\data XTG\

No 2 hkl.pan

No 1 hkl.pan

No 9 hkl.pan

Nol10_ hkl.pan
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Youngs’ modulus — IN738 single Xtal

-1
E(x) = (Sijraxixixpx;)

plot(C, "plotType*”, "YoungsModulus®, "3d", "complete™);

ETH:z(rich

Scopefv\

Cy; = 235.16 GPa
C,, = 147.67 GPa
Cyq = 122.53 GPa

J.B. Han et al. (1995), Mater. Sci. Eng. A 191, 105-111
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Calculate Young’s modulus

Reuss Voigt bounds [C v,C r,C h] = calcTensor(odf,C)
(lower) (upper) .\data_ XTG\
I L AP - =
A |B . No_2 hkl.pan
v g
Y » VAR
| % ® | IB_; No 1 hkl.pan
I I AP
Y A I
|? &b ' = No_9_hkl.pan
. N I
B C s T
| - | Nol10_ hkl.pan
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Input B — EBSD .0scC

X_scan
ks

A1

AZ

y_scan

(Highlighted PointsW(Total Mumber of Points) = 0.000
(Highlighted Points¥{MNumber of Good Points) = 0.000
(Highlighted Points¥{Number of Partition Points) = 0.000

Gray Scale Map Type:=none=

Color Coded Map Type: Inverse Pole Figure [001]
Mickel

114

Color LUT
with respect to Zs

oo 101

Boundaries: =none=

. \data OIM\sample 2 scanl.osc
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OIM — reference frames

(- o et T N =

Felationship between map x (Hight) and v (down) and detector geometry Default Axis Labels

|7 Mateh map setting

veride seting in oscfile;

) Setting 1 @ Setting 2
Al

On averride or if setting not contained in the oscfile use the following selected setting:

) Setting 1 f @ Satting 2 \ ) Setting 3 ) Setting 4 @Az
SEM/OIM Display View SEM/OIM Display View SEM/OIM Display View SEM/OIM Display View

' A2 X A1 Al
il w| AZ = " -
- ) Setting 3 O Setting 4
d (= ; p
L 5
%—./
Al = Al Al
T
A2 v
EBSD Detector View EBSD Detector View
‘;a e \:‘“ A2
A1 - A1 Default Axis Labels

{ Auis 1

Al

Axis 2

Auxis 2

\ ) a2

Axis 1

e Auxis 3

A3

l Ok ] [ Cancel
s = = |

Orientation Imaging Microscopy v I
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Input_ Wizard | - ??7?

1PF 0,0,1

[

"4 Import Wizard [PEEm=—==)

Specimen Reference Frame
Specimen Symmetry

Specimen Coordinate System
rotate data by Euler angles (Bunge) in degree El El El

@ apply rotation to Euler angles and spatial coordinates

apply rotation only to Euler angles

apply rotation only to spatial coordinates

use OSC interface flag 'convertSpatial2EulerReferenceFrame’
() use OSC interface flag ‘convertEul ferenceFrame’

| MTEX Plotting Convention

Y, X[ [ x Z| | Z Y| | Z X[ [x Y| z
I e S

Plot ther data to verify that the coordinate system is properly aligned!

[ << Previous | New>> | [ Fiish |

R o™
200

.\data_OIM\sample 2 scanl.osc




Input_Wizard Il - ??7?

1PF 0,0,1

y_scan

[

Specimen Reference Frame
Specimen Symmetry

| Specimen Coordinate System

rotate data by Euler angles (Bunge) in degree El El El

() apply rotation to Euler angles and spatial coordinates

() apply rotation only to Euler angles

() apply rotation only to spatial coordinates

(@ iuse OSC interface flag ‘convertSpatial2EulerReferenceFrame!
) use OSC interface flag ‘convertEuler2SpatialReferenceFrame’

| MTEX Plotting Convention
Y X| (X Z| | Z—Y||Z—X||X Y| |[¥ -z

Plot ther data to verify that the coordinate system is properly aligned!

l«Pra«nous" Next == H Finish l

.\data_OIM\sample 2 scanl.osc
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27?7

Input_ Wizard Il

Specimen Reference Frame
Specimen Symmetry

Specimen Coordinate System
rotate data by Euler angles (Bunge) in degree El El El
() apply rotation to Euler angles and spatial coordinates
() apply rotation only to Euler angles
apply rotation only to spatial coordinates
() use OSC interface flag ‘convertSpatial2EulerReferenceFrame’
@ use OSC interface flag ‘convertEl 1ceFrame’

MTEX Plotting Convention

Plot ther data to verify that the coordinate system is properly aligned!

[ <<Previous || Next>> | [ Finish |

F 4

111

.\data_OIM\sample 2 scanl.osc
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Input B — EBSD .0scC

ebsd = loadEBSD(fname,CS, "interface®,"osc”, ...

y_scan'

111

.\data_OIM\sample_2_scanl.osc




Calculate & rotate ODF, plot PDF

ebsd = loadEBSD(fname,CS, "interface®,"osc”, ...
"convertSpatial2EulerReferenceFrame®);

v scan \

= delLaValeePoussinKernel (400);
odf = calcODF(ebsd.orientations, "kernel " ,psi)

: N |
| i \ ; P T
SN T

rot = rotation('EuIer',O*degree,70*degree,90*degreq) W N
odf_rot = rotate(odf,rot); |

ALY S
L&?(’fﬂ é; =

Preparation error
corrected by

ETHziirich Scope .N\ rotation [20°,P] .\data_OIM\sample_2_scanl.osc



Calculate & rotate ODF, plot PDF

.\data_OIM\
sample1l0_scan3

¥

.0SC sample2s_scan3.0sc sample 9 scan2.osc

4
et . - E
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Calculate Young’s modulus

P

Reuss Voigt  bounds .\data_OIM\
(I owe r) (U p pe r) = sample_2_scanl.osc

sample2s_scan3.0sc

///& N
@I A W 2 BNl

sample_9 scan2.osc

o Q)@| .| .| /// """""""" = R

sarfiple10_scan3.osc

( \\ | : @ E - /?\ : < S
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.\data_XTG\

No_2_h KI. pan,

Calculate Young’s modulus

p
IE-;

-]

2
20
240
amp
.
00

v,///""\
+

No_1_hkl.pan,

" T -t
[ "
18 5 .

g i L

e p—
tm ;

No_9_hkl. pan.

17

N010_hkl.pan.,

=

ETH:z(rich

Reuss
(lower)

Voigt
(upper)

bounds

.\data_OIM\

sample_2_scanl.osc
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What else could be done with the data
P

ODF characteristics
* entropy, texture index, components, uniform portion, ...

Texture statistics
e Do the ODF (E-modules) differ significantly from each other?
* Are the differences inherent, or just misalignments of the sample coordinate systems?
* Would it be justified to take ODF averages?

Mapping analysis
* Grain size, shape, shape preferred orientation
* Grain boundary characteristics, MDF
* 3D parameters by stereology
e Orientation spread, KAM, etc.

Anisotropic properties
* Refinements using 3D grain shape
* Plastic properties
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Thank you for your attention.
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