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PLANAR IRREGULARITIES OF TEXTURE AND STRESS FIELD DETECTED BY X RAY DIFFRACTION TECHNIQUE

PLANARNA NIEJEDNORODNOSC TEKSTURY I POLA NAPREZEN IDENTYFIKOWANA TECHNIKA DYFRAKCJI
RENTGENOWSKIE]J

Regardless of the origin of structure irregularities of materials, recognizing its spatial distribution in a sample or construct-
ing elements is a great research problem. One of the most effective and non-destructive tools in this range is the X-ray diffraction
technique assisted by appropriate experimental method and data processing. The work presents the results of investigations of
planar distribution of crystallographic texture and stress irregularities manifested by changes of diffraction effects registered by
X-ray technique. As an example, the introduced method is tested on titanium rod after severe plastic deformation process.
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Identyfikacja przestrzennego rozkfadu niejednorodnosci struktury materiatu, bez wzgledu na przyczyny ich powstania,
stanowi istotny problem badawczy. Jednym z najbardziej efektywnych i nieniszczacych narzedzi badawczych w tym zakresie
jest technika dyfrakcji rentgenowskiej. W niniejszej pracy zaprezentowano wyniki badari rozktadu planarnego tekstury krysta-
lograficznej i naprezen wlasnych przejawiajacych si¢ w zmianie charakterystyki odbié¢ dyfrakcyjnych. Wprowadzona metoda
topografii tekstury i naprezefi wlasnych zostata przetestowana na pretach tytanu poddanych silnemu odksztalceniu plastycznemu.

1. Introduction

Properties of solid polycrystalline materials depend
on such quantities as chemical and phase composition,
crystallographic texture, residual stresses, grain size, etc.
Applied technological processes usually change the val-
ues of the parameters described by those quantities as
well as modify the structure characteristics in macro-
and micro-scale. As the result, both the global and local
irregularities of material structure appear. When the ir-
regularities become significant, numerous material prop-
erties reveal differences from place to place in the pre-
pared constructing component. Spatial distribution of the
irregularities can show a continuous character (gradient
of the properties) or a no continuous one, like in a lay-
ered structure. Moreover, the mentioned structure inho-
mogeneities can be an intended effect like in a function-
ally graded materials or a non favourable result of tech-
nological process (e.g. non controlled grain growth in
the heat affected zone of the welded elements). Among
the most provocative challenge for the researchers are

*

ok

UFA STATE AVIATION TECHNICAL UNIVERSITY, 12 K. MARX ST., UFA, RUSSIA

the structure inhomogeneities appeared under exploita-
tion conditions (e.g. fatigue wear of the near surface
areas).

Recognizing the distribution of crystallographic tex-
ture on surface of constructing elements is desirable
from technological as well as research points of view.
So far, good known and sophisticated electro-diffraction
techniques (e.g., EBSD-OIM [1]) delivers needed infor-
mation about the space distribution of crystallographic
orientation. However, the examined volume of material is
too small regarding the observation scale of investigated
effects, e.g. structure of composite materials, junctions
of construction elements, coarse grained materials, and
deformed single-crystals.

Idea of getting the large-area (a few cm?) distri-
bution of texture changes or residual stresses has been
based on relatively easy to achieve X-ray diffraction tech-
nique. It consists in determined registration mode of the
diffraction effects, computer controlling of measurement
and data processing [2-4]. The work presents as an ex-
ample results of the X-ray topography of texture and
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residual stresses existed in a longitudinal section of Ti
ingot subdued to severely plastic deformation by means
of the ECAP processing.

2. Material and Experimental

Commercial purity Ti (99.95%) was used as inves-
tigated material. The size of the billet subjected to the
ECAP processing was 60-8-8 mm?. Temperature of the
ECAP processing of the billet was equal to 450°C and
deformation rate was 6 mm/s. The angle of channels in-
tersection during ECAP processing was 90° [5]. Sample
was prepared from material subdued to ECAP process-
ing by Bc route interrupted in the middle of second pass
(see Fig. 1). The Ti billet was removed and then cut
with respect to vertical plane. Scheme of this process is
shown in Fig. 2. X-ray investigations were made in the
longitudinal section of the geometrical centre of the Ti
billet. Incomplete pole figures were measured in selected
areas neighbouring to the knee of the ECAP tool.

Topographic measurements were performed using
the filtered CuK radiation by means of Bruker D-8 Dis-
cover diffractometer, equipped with the open Euler cra-
dle (Fig. 3). X-ray tube radiation was focused using poly-
capillar optics ensuring a near-parallel incident beam.
The beam size was approx. 1 mm in diameter. Two pole

figures (0002) and (10-11) of Ti in chosen 31 areas on’

sample surface (as shown in Figs. 4-6) were collected.
Experimental data were analyzed using software devel-
oped at the Institute of Metallurgy and Materials Sci-
ences of the Polish Academy of Sciences in Krakow
[3-5]. Residual stresses analysed in the measured areas
of the sample were calculated based on a recent approach
in the field [6].

Fig. 1. Ti sample prepared for diffraction experiment

Fig. 2. Sketch of ECAP processing tool. Material from which sam-
ple was prepared was removed in the middle of the second pass (B¢
route). Then it was cut in respect to the plane shown on bottorn part
of the picture

x-ray lamp

Fig. 3. Scheme of the X-ray topography experiment with trace of
measurement path on surface of examined sample

3. Results and discussion

Orientation Distribution Function (ODF) of the sam-
ple for each of the 31 measured sample areas was cal-
culated. Then the complete pole figures as well as the
inverse pole figures on direction normal to the sample
surface were created. Chosen results in form of a topo-
graphic distributions of texture referred to investigated



area of the sample are presented in Figs. 4 and 5. Max-
imal values of the ODF are located in a post-bisectional
zone of the ECAP tool. In the bisection region of the
angular channel the most intensive shearing take place
during the deformation process. For that reason also the
most intensive changes of texture, manifested also in the
ODF values are expected. On the other hand, forma-
tion of the texture observed in the longitudinal section
the billet reveals differences in it formation dependent
on deformation rate in the investigated area of sample.
Such conclusion can be withdrawn based on a planar
distribution of maximal values of inverse pole figure
of the direction normal to sample surface presented in
Fig. 5. More detailed analysis of texture components (not
presented here) indicates differences in mechanisms of
deformation activated in the individual sub-areas of in-
vestigated bended zone of the sample.

Fig. 4. Planar distribution of maximal values of the ODF calculated
from incomplete pole figures
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Registered pole figures include besides of a real
space distribution of crystallographic poles also infor-
mation on residual stresses which can be extracted from
the experimental data {7]. Results of performed calcu-
lations, regarding isotropic elastic constants for Ti are
presented in Fig. 6.

Identified stresses are compressive nature in the
whole investigated area of the sample. It can be noticed
that planar distributions of the mutually perpendicular
stress components oq; and o, are essentially different
and a strong anisotropy of the stress field is evident.
The highest values (module values) of the o1; compo-
nent appear in the left and bottom side of the bended
area of sample. The o, component indicates maximal
values in the post bisection region of investigated sam-
ple area. At the same time, along the bisection zone, the
both components reach a relative middle values what can
suggest a relaxation processes occurred into this volume
of material.

Fig. 3. Planar distribution of maximal values of inverse pole figure
of the direction normal to sample surface calculated from the ODF

Fig. 6. Planar distribution of ¢y, (parallel to vertical direction) and o5, (in horizontal direction) stress components (values in MPa) in

investigated sample area
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4. Conclusions

Analyzed fragment of the processed Ti ingot (with
hexagonal lattice symmetry) belongs to the most crucial
sample area from viewpoint of deformation mechanism
of severely plastically deformed material by the ECAP
method. Most intensive shearing, fragmentation and ro-
tations of grains take place in processed material in the
bended part of the tool. As a result, under the local
stress configuration a specific texture of Ti is formed.
Analysis of the diffraction effects in the chosen areas of
the sample surface enable to identify the topography of
texture and residual stresses generated during the ECAP
and allow to form the following conclusions:
~ Planar distribution of the identified residual stress-

es and crystallographic texture in the middle plane

during ECAP process of Ti ingot is strongly inho-
mogeneous.

—~ Character of the above irregularities reflects mecha-
nism of deformation of Ti in the most crucial zone
of the ECAP tool.

— Maximal intensity of the inverse pole figures of the
normal direction is close to the (10-11) crystallo-
graphic direction which correspond to the twinning
plane of deformed Ti. Additionally, localization of
the maxima on the sample contour indicate zone of
the possible sliping/twinning in the processed mate-
rial.
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— Diagonal components o; and o, of the residual

stresses reflect nature of acting forces during the
ECAP processing of the Ti ingot.

Acknowledgements

The work was financially supported by the National Ministry of
Science & Informatization as the Nr 3 TO8C 064 26 research grant.

REFERENCES

[1] R.A. Schwarzer, Micron 28, 249 (1997).

[21 J. Bonarski, DAMfit, Computer programme,
Krakow, IMIM PAN (2005).

[3] L. Tarkowski, Raw2Rrd, Computer programme,
Krakow, IMIM PAN (2006).

[4] LaboTex. The texture analysis software by LaboSoft sc.
(2000).

[5L V. Alexandrov, M. V. Zhilina, JI. T.
B onarski, Bulletin of Polish Academy of Sciences,
Technical Sciences 54, 2 (2006).

[6] A. Baczmaf s ki, Stress field in polycrystalline ma-
terials studied using diffraction and self consistent mod-
elling, AGH Krakéw (2005).

[7] L. Tarkowski, Ph.D. Thesis, Institute of Metallurgy
and Materiale Science of the Polish Academy of Sci-
ences, Krakéw (2007).





