25 5: Helmholtz-Zentrum
: 215 Geesthacht

@Zﬁ Centre for Materials and Coastal Research

German Engineering Materials Science Centre

TEXTURE AND STRESS ANALYSIS
BY DIFFRACTION

Acknowledgement for presentation material to:
C. Randau, N. Al-Hamdany, G. Dovzhenko



Texture characterization by utilising
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Instrument:

sample/detector

movement:

@ Primary collimation

@ Fast shutter

® Diaphragm

@ Monochromator

® Sample table with high precision slits
® Area detector
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@Zj\fi Sample positioning in beam by robotic arm
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6-axes Robotic-arm:

definition of complex measurement
path over samples

reproducable alignment of
sample orientation

automatic sample change

combination with systems for
mapping the sample shape
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&]\o Sampling a pole figure by sample rotations hrens i N
aﬁ with a 2D-detector GEMS

Sample scanning routine (y and ¢ rotations @ 206=const. ) :

Ay-sample-stepping to scan
the Debey-Scherrer-cone:

Data: Images from diffraction as function of sample (y and @)
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- loading of 2D-images for all y-positions of sa. = .=~ I A
- definition of scatt. geo. (pixel -> 28 and ) P / | [
- definition of background region L |- / \ N\ / \
- definition of reflections (region, shape) T S
“ - For pole figure/texture information:
- extraction, correction and normalization of
) f S intensity for all measured reflections and
—- Bk : “"““7‘\\ ploting on a sphere for (28,esgure = C, @)
o | /| - interpolation/redistribution of intensity
i / / \ on the chosen pole figure (o,3)-grid
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Monochromatic vs. Polychromatic GEMS
Monochromatic beam: polychromatic beam:
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=>ToF-diffraction => the correlation to (hkl) could be done at this step
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%ﬁ Polefigures from diffractogramm (Pfplot-software): GEMS
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— 1.000 — 1.000
— 2000 — 2.000
— 3000 — 3.000
— 4000 — 4.000
— bH.00o
norm: 11438 5.000
— 7.000
— 3.000
norm: 5974

min: 0.049 at 1380/ 300
max. 4296 at 48.0/ 480

min: 0.074 at 920/ 600
max 8581 at 800/ 880

Equ. angular low. hem. proj

Equ. angular low. hem. proj
interp_111_L1p689.refl1 inten pol

interp_200_L1p6&89.refl2 inten pol




g@ﬁ Polefigures from diffractogramm (Pfplot-software)
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. GEMS

— 1.000
— o Additional software (GKSS/CLZ ODF-calc.):
;. 4562

- complete/uncomplete pole figure

o » - inverse pole figure(s)

- ODF

min: 0104 at 90.0/ 86.0
max: 4.074 at 3630/ 260

Equ. angular low. hem. proj
interpol_220_1p6&9 refl1 inten.pol

-nice would be ONE ,software for all steps* ;-D
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&;ﬁg Stress characterization by utilising

Instrument: Scattering + DAQ:

@ Primary collimation T3 8" | Gu]d 3" IT w56, 4% [ Gm10, 7"
@ Fast shutter

@ Diaphragm (b)
@ Monochromator

® Sample table with high precision slits
® Area detector

\ IT=38.8° [ G=-14,2" ZT=55,4° | G=-10.6*
: ‘ ©
l \/ - o
Sample movement: Ry S ar o e n
2 Theta (%)

e rotation e translation

T _.\.._\_

transvers normal longitudinal
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Image orrec]
m— . det. distance | 850,00 | |mm E @t
Rackground HuFoxtama Treage Corecaon

/\  loading of 2D-images

: f A « definition of scatt. geo. (pixel -> 20)

= | \ \ « definition of background region
= | \\ \ « definition of reflections (region, shape)

20000 T (200). T T T
18000 1 |5:\5/\A/?46;/|:0A619° : gg; Sg: ; 7
16000 @ 1=1.689 A 1
1000 amre ]
512000 | 4325
a FWHM:0.54°
§10000 N
: » For BEER integration of tof needed
© 6000 E .
@ ] » Information of second detector
FWHM:0.96°
2000

T T T LI R
45 50 55 60 65 70 75 80 85 90

deg.
20 (deg.) 10
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Treatment of spatial resolution effects in neutron residual strain  centre for Materials and Coastal Research

scanning GEMS
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MC simulation of sampling distribution: pseudo-strains in ue associated with the sampling points:

Scattering geometry Scattering geometry

1500
. 3000 -
. T L 1000

- 2000
500

F 1000

mm
L= T ¥ N - T T -1
T

Lo Lo

L —1000 | <00

/ STRESS _SPEC: | jj ™
.‘ | { 1500 Ray-tracing model of STRESS-
B R T N 2§ 3 . SPEC

X, mm X mm

Test on synthetic data (simulation of an experiment at STRESS-SPEC and ENGINX):

r—2000

ENGIN-X I

Z, mm
© H M oW Bk U oo N o®
0

fitted strain distribution restored strain, £(z) restored stress, o(z)
tﬁyxiiTaI STRESS-SPEC 1000 A radial STRESS-SPEC | 200 ] 1
10004 | N + = ENGIN-X 1 A /:Q.\
. — it s
% 0 : 1 £ 0 s E
g o v O g § 200
deconvoluted, &, ? ) - === original o(z)
-1000 1000 _ deconvolited, ¢ -400 —— deconvoluted, ENGIN-X
tangential : 4 tangential - - ~original distribution ! —— deconvoluted, STRESS-SPEC
- 0 1 2 3 4 5 p ; 7 3 i : -600L; . . . . :
scan depth, mm information depth, mm 0 ! informafion deptl?h mm 4 >

Sampling events are used to restore intrinsic stress, free of resolution and pseudo-strain
effects.

Collaboration: NPl Rez, MLZ Garching, KIT-IAMK Karlsruhe Python code under

J. Saroun, J. Rebelo Kornmeier, J. Gibmeier, M. Hofmann development: STRESSFIT .
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GEMS
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a, over (x, y) plane tr. speed 24 mmy/s (with cracks) s
400 . . .
Fast strain scanning:
£ -
'E"‘U 200 g
= -
» Stress maps
20 0 %
= o
8 100'_

-
o

P § > Large sample series

Position on sample y [mm] -300

oy over (x, y) plane tr. speed 24 mmy/s (with cracks)

Scanned
area

ample x [mm]
[MPa]

Tensile stress g,

Position on s

=100

10 20 30 40 50 60

Position on sample y [mm] =300

Software needs:

D g B

» automatic sample exchange and measurements integrated
into control, reduction, analysis software (identification of sample, coordinates, ... )
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In situ and in operando measurements

Effect of in situ post-weld heat treatment during laser beam welding:

1000 %
(a) Welding | without =¥ /4 | &
Heating |laser jpost heatingy  FSgah o 1#
laser, > 500. &', v 2#
\ g e
: E/hamber S : .-"J
b 0-
«——twelding : 9
late . W
X : ; p : : furnace heating \
shrouding gas injection Yoo A .
-8 -4 0 4 8
J. Liu, V. Ventzk, P. Staron, N. Schell, N. Kashaev, N. Huber, _ _
Adv. Eng. Mater. 14 (2012) 923-927 Distance from weld line [mm]

Software needs:

7 q > Integration of SEE into control, reduction, analysis
‘; iR 4 software

‘ e, 4 » Fast data read out, reduction, analysis
Efg‘b_\ﬁsl |E(;t@ tgz ;{.G high-energy X-ray beamline
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