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Abstract

Residual stress diffraction measurements in a thin surface layer are completely nondestructive.
For subsurface stress profiling, the destructive X-ray analysis can be performed by sequentially
removing surface layers by using electrolytic or chemical polishing. When stressed layers are
removed, the measured stress values in depths beneath the surface are in general affected by the
relaxation created due to the layer removal. Therefore a correction should be involved in the depth
profiling procedure. Accepted procedures used till now presume the removal of the whole surface of
the investigated laboratory samples. The aim of the contribution is to present the possibilities of FEM
for evaluation of the credibility of X-ray stress-strain states measurements. An estimation of changes
of depth distribution due to the stress relaxation created by the removed layers was simulated by FEM
in the case of a small electrolytically polished area 12 mm in diameter in the middle of cylindrical
samples of the height of 7 mm.

Abstrakt

Difrakéni méfeni zbytkové napjatosti v tenkych povrchovych vrstvach jsou kompletné
nedestruktivni. Pro stanoveni podpovrchového napétového profilu miize byt pouzita destruktivni
rentgenova analyza, pii které je povrchova vrstva postupné odnimana elektrolytickym nebo
chemickym leptanim. KdyzZ jsou napjaté vrstvy odstranovany, méfena zbytkova napéti pod povrchem
jsou ovlivnéna relaxaci, ktera vznikd v dusledku odstraiiovani téchto hladin. Z tohoto divodu se
zavadi korekéni procedura. Korekce, pouzivané v soucasné dobé, vychazeji z piedpokladu, Ze
dochazi k odstranovani celého povrchu laboratornitho vzorku. Cilem pfispévku je prezentovat
moznosti MKP pfi vyhodnocovani vérohodnych destruktivnich méfeni gradientd zbytkovych napéti
rentgenovou difrakci. Stanoveni hloubkovych zmén profilu napéti vlivem napétové relaxace,
zpusobené odstraiiovanim vrstev, bylo simulovano pomoci MKP a to pro piipad malé elektrolyticky
leptané povrchové plosky o priméru 12 mm, ktera je umisténa ve stiedu kruhové desky o priméru 50
mm a tloust’ce 7 mm.

1 INTRODUCTION

The measurement of macroscopic residual stresses is a topic of interest in materials research
and industrial production as a tool for quality control and service life evaluation. If the residual
stresses are known, it will be possible to predict the operational reliability of mechanical parts. For
complete characterization of the state of residual stress produced by machining, grinding, shot
peening, and other surface treatments, it is generally necessary to determine the distribution of
residual stress with depth beneath the surface. The main reason for necessity of depth profiling is that
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in general the surface values are not
representative  to  characterize  stress
distribution. Very often comparable surface
N\ J residual stresses are observed for a wide
\ range of various manufacturing techniques.
N - However, residual stress distributions in
N depth could be qualitatively different (Fig.
N - 1). X-ray diffraction method based on the

N measurement of the strain in the crystal
lattice and their converting into stresses
~< using elasticity theory is a well developed
7 technique for residual stress determination
[1, 2]. Taking into account the penetration
depth of X-rays used in diffraction
experiments into most technical metals
T, pm being from a few to several tens of

) ) o micrometers, depending on the material’s
Fig. 1 Residual stress distribution after gentle (1), absorption,  X-ray  wavelength  and

normal (2), and abusive (3) grinding of hardened diffraction geometry, it is clear that
steel (stress measured in direction of grinding) diffraction measurements in a thin surface
measured by a mechanical layer removal method [3].  Jayer are completely nondestructive. If the
subsurface stress profile is
required, the destructive X-ray

] L. . analysis can be performed by
Four-node, isoparametric, arbitrary quadrilateral sequentially removing surface
elements written for axisymumnetric applications.

layers and thus by X-ray

diffraction measurement of the
7 mm e subsurface material at each step
of removing. Electrolytic and
DETAIL: chemical polishing are usualy
appied as stress-free methods for
material removing. In
electropolishing, the electrolyte
and operating parameters applied
depend on the material under
investigation [3]. When stressed
layers are removed, the measured
stress values at depths beneath
the surface are in general
affected by the relaxation created
due to the Ilayer removal.
Therefore a correction should be
=+ ¥ involved in the depth profiling
: procedure, i.e. all values except
the surface one must be corrected
- to obtain the true stress
Fig. 3 FE Mesh. distribution that existed when the

specimen was intact. The basic

considerations dated from 1958 [3] refer to several geometric sample shapes and did not evolve till
2007 [4] when the standard technique for measuring was revised to take into account X-ray
absorption effects. All these procedures prerequisite the removal of the whole surface layer of the
investigated laboratory samples. When large samples (machine parts) of complicated shape are
investigated the measurement is realized only on a small area. Thus the volume of the removed layer
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is a very small fraction of the whole volume of the object under investigation. In the case of such
service measurements it is often supposed that the change of original state of stress is negligible [2].

Science/technical development supplies new ways for the solution of the presented problem,
Hence, Finite Element Method (FEM, MSC.MARC/MENTAT 2005r3 software) was used for the
solution of this problem, see chapter 2 and 3.

2 FEM SOLUTION OF ELASTIC STATE

FE mesh and its dimensions used for elastic stress-strain distribution are shown in Fig.3. Some
results are shown in Fig.4. For more information see [5] and [6].
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Fig. 4 Residual Stresses Distribution and their Changes acquired by FEM (Elastic Analysis, Linear
Distribution - Axi-symmetric Bending).

3 FEM SOLUTION OF ELASTO-PLASTIC STATE

FE mesh and its dimensions used for elasto-plastic stress-strain distribution are shown in
Fig.3. Some results are shown in Fig.5. For this non-linear material were used isotropic, kinematic
and combined hardening rules. For more details see [6].
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Fig. 5 Residual Stresses Distribution and their Changes acquired by FEM (Elasto-Plastic Analysis,
Nonlinear Axi-symmetric Distribution).
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Fig. 6 Comparing of Acquired values of o, (Elastic

From the Fig.6 is evident,
. that the relative errors of elastic

+, 0425 0.25 0.375 05 analysis calculated over the depth
‘. S (chapter 2) are acceptable.
L However, the relative errors of
.. elasto-plastic analysis calculated
., over the depth S (chapter 3) cannot
teel, . be acceptable in some situations,

* + seeFig.7.

5 CONCLUSIONS

Analysis, Method of Measurements and FEM evaluation). From the results of the presented
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Chyba sigma obvodové %/ (Kinem. Hard. Rule) solution is evident that X_ray

. measurement of residual stresses
* . .
- Lo, gives small errors in general only for

P— small depth s. Presented results can
* 8
. be used for the development of a new

method of correction. For more

information see [5] and [6]. Other

example is solved in [7].
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