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|. Introduction
« Some basic aspects

. Measurements methods and data evaluation:
*  Sin?y method
*  Universal plot method (UVP)
Q-x-¢ method
« 1 -method

lll. Energy dispersive methods:
Multiwavelength method and UVP

V. Transformation methods:
« Initial inverse problem
* Inverse Laplace transformation (ILT)

V. Conclusion
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Angle dispersive

nA = 2d"&l sing
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Measurement methods

Penetration depth and sample conditions
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Source: (similar to) V. Hauk, Structural and Residual Stress Analysis by Nondestructive Methods
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There is a interest in the evaluation and analysis of residual stresses in
research and in industry aplications
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In addition to DIN EN 15305, there are
Actual literature shows many examplesof numerous corporate guidelines that regulate
methods and approaches. the assessment of residual stresses. In
some cases also direct production
requirements witch shows minimum values
in drawings
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Introduction

Different situation of residual stresses, their depth distribution and the
suitable measurement methods

coating grinding peening hardening welding
> YYVYYYYYY 1 |
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gracing incidence

(universalplot +inv. Laplace )
( layer removal + sin2y-method )
( beam limiting masks )
(Iayer removal + fixed in position aperture)
( neutrons )
>
nm Hm mm cm
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Introduction

Different situation of residual stresses, their depth distribution and the
suitable measurement methods
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Measurement methods / example

symmetric

universal plot method (UVP)!

1H. Ruppersberg, |. Detemple, J. Krier, Phys. Status Solidi A 116 (1989) 681.
2T. Erbacher, A. Wanner, T. Beck, O. Vohringer, Crystallography (2008), ISSN  0021-8898, S. 377-385
3 A.Kumar, U.Welzel, E.J.Mittemeijer, Journal of Applied Crystallography, ISSN 0021-8898, S. 633 - 646
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Measurement methods

Layer removal + sin2y-method
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cosa- Method

X-Rays on

=
. —

o

IKASSEL| MASCHINENBAU 12 O Institut fur Werkstofftechnik
RSITAT Metallische Werkstoffe
Prof. Dr.-Ing. Niendorf

UN
V E



cosa- Method —

o

= Raw Data from u-X360 at =0
Pseudo-Voigt Peak Fitting

&x10°
7x10" 4
G100 -

510"

Intensity

4x10°

Sx10°

2x10" 4

1x10° v v v v v v v \
148 450 152 154 156 1458 160 162 {64

2theta

Metallische Werkstoffe

UNIKASSEL|MASCHINENBAU 13 O Institut fur Werkstofftechnik
VERSITAT
Prof. Dr.-Ing. Niendorf



100

1@
-300 1 ,/
350 N —e— heat treted
] —e— shoot peened
-400 +— . . ——
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
surface distance (layer removal) / mm

UNIKASSEL|MASCHINENBAU 14 O Institut fur Werkstofftechnik
VERSITAT Metallische Werkstoffe
Prof. Dr.-Ing. Niendorf



Measurement methods

Sample: Al, O, }
ceramic with a
grinded surface
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Measurement methods: UVP

four circle diffractometer with Cuka— X-Rays

A Psi==0 Normal stress: -1115.8 £ 2563.4 MPa Phi= 180.00°
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Measurement methods: UVP

Calculation and evaluation

Ll () + 0 (2) + 10007 (2) + o (2)]

NOES : = Jlou(0) + 0 (0)]
( s, siny + 251)
2
oo () + 2 1Ty () + 22w @O
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on(r) = 17(2)+ 17(7)
op(7) = 17(7) - 17(2)
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Measurement results: UVP

residual stress / MPa
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Measurement methods / example

asymmetric

Q-y-¢ method 23

1H. Ruppersberg, |. Detemple, J. Krier, Phys. Status Solidi A 116 (1989) 681.
2T. Erbacher, A. Wanner, T. Beck, O. Vohringer, Crystallography (2008), ISSN  0021-8898, S. 377-385
3 A.Kumar, U.Welzel, E.J.Mittemeijer, Journal of Applied Crystallography, ISSN 0021-8898, S. 633 - 646
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Measurement methods: Q-y-¢

Measurements by constant penetration depth t

asymmetric

= arccos(cos y cos(d —2))

_ Cos ysin(20 -Q)sin Q
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Measurement results: Q-y-¢

Q-y-p-Methode using Co Ka- X-rays and synchrotron
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Measurement methods: n — method

Laser and
CCD-camera

X-cradle

®,- rotations-
{ table

al

®@,- rotation
table + xyz-

-20
Beugende Netz-

PS

Quelle: C. Genzel

Quelle: C. Genzel. Entwicklung eines Mess- und Auswerteverfahrens zur

rontgenographischen Analyse des Eigenspannungszustandes im Oberflachenbereich

vielkristalliner Werkstoffe. 1999. Habilitationsschrift Humboldt-Universitat zu Berlin.
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Measurement methods: n — method

11 P- Modus T
n- I>/Iodus
sin” 0 —sin” y + cos” O sin” y sin’ Q-Modus "
T = : T
2usin O cos
3 ¥ \ V=Y,
0 siny SINY, 0 sin?n 1

* turning around n with constant y  bridging the gap At between 1v and 1o

* AT = 1v — 12 decrease for smaler y-angle

« for smaler 6-angle the covered t-area increases with
comparable Asin? n - steps

Source: C. Genzel. Entwicklung eines Mess- und Auswerteverfahrens zur réntgenographischen Analyse des Eigenspannungszustandes im Oberflachenbereich
vielkristalliner Werkstoffe. 1999. Habilitationsschrift Humboldt-Universitat zu Berlin.
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Measurement methods: n — method
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1): C. Genzel. Entwicklung eines Mess- und Auswerteverfahrens zur réntgenographischen Analyse des Eigenspannungszustandes im Oberflachenbereich

vielkristalliner Werkstoffe. 1999. Habilitationsschrift Humboldt-Universitat zu Berlin.
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Measurements results (image space)
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Energy dispersive two detector mode
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Energy dispersive two detector mode

Measurements without sample
stresses movement Phase and

<t(hyk,l)> texture analysis
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Transformation methods: initial inverse problem

Relation between measured stress Lambert-Beers law: | = |O .e_/‘(i)'s

In image space and real stress:

where D - sample thickness,
z - depth in real space,

T - depth in image space,
0(z) - residual stress in real space,
0(7) - residual stress in image space

i (2)

P

Oj; (T)

Graphic: T. Manns: Dissertation Universitat Kassel
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Transformation methods: Inverse Laplace transformation (ILT)

Initial inverse problem in form of inverse Laplace transformation:
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Conclusion

Depth distribution:
Different measurement methods realize different depth

distributions
« Maximum penetration depth in Fe under lab condition

~60um (synchrotron ~100um)

Measurement method.:
* Measurements with a complete spectrum of an X-ray

tube are possible!
« Transformation is necessary to calculate the data in

real space
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