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I. Introduction

• Some basic aspects

II. Measurements methods and data evaluation:

• Sin²ψ method

• Universal plot method (UVP)

• Ω-χ-φ method

• η - method

III. Energy dispersive methods:

• Multiwavelength method and UVP 

IV. Transformation methods:

• Initial inverse problem

• Inverse Laplace transformation (ILT)

V. Conclusion
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looking for D{hkl} value

nλ = 2dhkl sin nλ = 2dhkl sin

Angle dispersive Energy dispersive

const. ? exp. const.?exp.
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2θ = const.

Source: (similar to) V. Hauk, Structural and Residual Stress Analysis by Nondestructive Methods

Measurement methods

Penetration depth and sample conditions 
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There is a interest in the evaluation and analysis of residual stresses in 

research and in industry aplications

Actual literature shows many examplesof

methods and approaches.

In addition to DIN EN 15305, there are 

numerous corporate guidelines that regulate 

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

layer removal + sin²ψ-method

gracing incidence

layer removal + fixed in position aperture

neutrons

universalplot + inv. Laplace

nm µm mm cm

beam limiting masks
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Introduction

Different situation of residual stresses, their depth distribution and the 

suitable measurement methods    

coating grinding peening hardening welding

layer removal + sin²ψ-method

gracing incidence

neutrons

beam limiting masks

universalplot + inv. Laplace

nm µm mm cm

layer removal + fixed in position aperture
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symmetric

universal plot method (UVP)1 Ω-χ-φ method 2,3

1 H. Ruppersberg, I. Detemple, J. Krier, Phys. Status Solidi A 116 (1989) 681.
2 T. Erbacher, A. Wanner, T. Beck, O. Vöhringer, 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

Measurement methods / example

asymmetric
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Source: B.Eigenmann und E.Macherauch, Röntgenographische Untersuchung von 

Spannungszuständen in Werkstoffen - Teil 1

Measurement methods

Layer removal + sin²ψ-method

Sample after 

electro polishing

Residual stress meashurement with a 

conventional ψ diffractometer
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35°

cos- Method
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cos- Method
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Measurement methods

15

Sample: Al2O3

ceramic with a 

grinded surface
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Measurement methods: UVP

four circle diffractometer with CuKα– X-Rays
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Calculation and evaluation

Measurement methods: UVP
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Measurement results: UVP
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symmetric

universal plot method (UVP)1 Ω-χ-φ method 2,3

1 H. Ruppersberg, I. Detemple, J. Krier, Phys. Status Solidi A 116 (1989) 681.
2 T. Erbacher, A. Wanner, T. Beck, O. Vöhringer, 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

Measurement methods / example

asymmetric
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Measurement methods: Ω-χ-φ

asymmetric

Measurements by constant penetration depth τ
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Information depth =0,3µm  Al2O3 116 ceramic sample

---Methode using Co Kα- X-rays and synchrotron

Measurement results: Ω-χ-φ
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X-ray tube Detector

1- rotations-

table

2- rotation 

table + xyz-

stage
-cradle

Laser and 

CCD-camera

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

röntgenographischen Analyse des Eigenspannungszustandes im Oberflächenbereich 

vielkristalliner Werkstoffe. 1999. Habilitationsschrift Humboldt-Universität zu Berlin. 

Quelle: C. Genzel

22

Measurement methods: η – method
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Measurement methods: η – method

• turning around η with constant ψ bridging the gap Δτ between τΨ and τΩ

•Δτ = τΨ – τΩ decrease for smaler ψ-angle

• for smaler θ-angle the covered τ-area increases with

comparable Δsin² η - steps

23

Source: C. Genzel. Entwicklung eines Mess- und Auswerteverfahrens zur röntgenographischen Analyse des Eigenspannungszustandes im Oberflächenbereich 

vielkristalliner Werkstoffe. 1999. Habilitationsschrift Humboldt-Universität zu Berlin. 
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Measurement methods: η – method

1): C. Genzel. Entwicklung eines Mess- und Auswerteverfahrens zur röntgenographischen Analyse des Eigenspannungszustandes im Oberflächenbereich 

vielkristalliner Werkstoffe. 1999. Habilitationsschrift Humboldt-Universität zu Berlin. 
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Measurements results (image space)
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Information depth τ in µm

R
e

s
id

u
a

l 
s
tr

e
s
s
e
s
  

σ
in

 M
P

a



Institut für Werkstofftechnik

Metallische Werkstoffe

Prof. Dr.-Ing. Niendorf

26



Institut für Werkstofftechnik

Metallische Werkstoffe

Prof. Dr.-Ing. Niendorf
27

energy keV

energy keV

ψ1=0

ψ2

2θ1
2θ2

Quelle: C. Stock: 

Dissertation Berlin 

Energy dispersive two detector mode
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Microstructure 

<(y1 = 0)>
<(y2)>
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Measurements without sample 
movementstresses
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Phase and 
texture analysis
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Energy dispersive two detector mode
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Graphic: T. Manns: Dissertation Universität Kassel 
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Relation between measured stress 

in image space and real stress:
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where D - sample thickness,

z - depth in real space,

τ - depth in image space,

σ(z) - residual stress in real space,

σ(τ) - residual stress in image space

Lambert-Beers law:

Transformation methods: initial inverse problem
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Transformation methods: Inverse Laplace transformation (ILT)

Initial inverse problem in form of inverse Laplace transformation:

Problems:

• Complexity of the solution 

choice.

• No solution error estimation.
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Conclusion

Depth distribution:

• Different measurement methods realize different depth 

distributions

• Maximum penetration depth in Fe under lab condition 

~60µm (synchrotron ~100µm)

Measurement method:

• Measurements with a complete spectrum of an X-ray 

tube are possible! 

• Transformation is necessary to calculate the data in 

real space

32
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