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The described technique, allowing in situ in the process of plastic deformation of samples at the same time monitor the emergence
and development of translational and rotational modes. The first method uses a technique of producing color cards orientation and
imaging them colors. In the second - the effect of laser diffraction on quasi-periodic deformation relief in the form of slide steps. The
color orientation maps allow to determine the characteristics of the substructure with a linear resolution ~ 1 micron and angular ~ 10
seconds.

Using the laser technique makes it possible is to follow the emergence and development of sliding and determine characteristics
such as sliding direction and its change in the deformation of the sample, the minimum distance between slip lines characterizing the
intensity of slip and slip lines degree of curvature that characterizes the strengthening investigated sample.
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OnucaHa METOAMKA, 110 Ja€ MOXJIMBICTH in situ B mpolieci IuiacTU4HOro JedopMyBaHHS 3pa3KiB OHOYACHO CTEKUTU 3a
BUHUKHEHHSM 1 PO3BUTKOM POTAIlifHOI i TpaHCHAMilHI{ Mox. Y TeprmoMy BHITAJKy BHKOPHUCTOBYETHCS METOAMKA OTPUMAHHS
KOJILOPOBMX OPi€HTAIIMHIX KapT i Bizyasizauii Ha HUX BiATIHKIB KONBOPIB. Y Apyromy - eext audpakiii 1a3epHOro BUMPOMiHIOBaHHS
Ha KBasimepiomuuHoMy aedopmariiinomy penbedi B BUMISAI cXoAuHOK koB3aHHS. KombopoBi opieHTawiiiHi KapTu 103BOJSIOTH
BU3HAYUTHU XapaKTEPUCTUKU CYOCTPYKTYPH 3 JiHIHHOIO pO3/IiIBHOIO 31aTHICTh ~ 1 MK, i KyToBUM ~ 10 cek.

BukopucraHHs 1a3epHOi METOIMKU Ja€ MOXJIUBICTh € MPOCTEKUTH 32 BUHUKHEHHSM i PO3BUTKOM KOB3aHHS i BU3HAYMTH Taki
XapaKTEPUCTUKU SIK HAIPSIMOK KOB3aHHS i Oro 3MiHa B rpotieci aeopMyBaHHs 3pa3ka, MiHiMaIbHa BiJICTAHb MXK JIHISIMUA KOB3aHHSI,
II0 XapaKTepu3y€e iHTEHCHBHICTH PO3BUTKY KOB3aHHS, a TAKOX CTYMiHb BUKPUBIECHHS JIiHIl KOB3aHHS, IO XapaKTEPU3Y€ 3MilTHEHHS
JIOCITiIKYBAHOTO 3pa3Ka.

Kunrouosi ciioBa: xonipHi opienTaniiini kaptu, potauiiina Moza, TpaHcusiiHa Moaa, MIacTU4Ha Aeopmaris.

OrnuMcana MeTouKa, MO3BOJISIOMmAs in situ B mpolecce riacTudeckoro nedopMupoBaHus 00pa3IioB OJHOBPEMEHHO CIIEIUTh
3a BO3HUKHOBEHHMEM M PA3BUTUEM POTALMOHHOW M TPAHCISLMOHHOM MoI. B mepBoM ciydae UCHOIb3YeTCS METOIMKA IOJIyYCHHUs
[[BETOBBIX OPHMEHTAIIMOHHBIX KapT M BU3yalM3alMd Ha HUX I[BETOBBIX OTTEHKOB. Bo Bropom — addexrt mudpaxumm mazepHOro
M3ITyYeHNs Ha KBA3UMEPUOINIECKOM Ae(OPMALMOHHOM pebede B BUI CTyNEHEK CKONBKEHHUS. [[BeTOBbIE OpPUEHTALMOHHBIE KapThI
MO3BOJISIOT OMPEIEIUTH XapAKTEPUCTUKY CyOCTPYKTYpPBI C TMHEWHBIM pa3peieHneM ~ 1 MK, 1 yrmoBsIM ~ 10 cek.

Hcnone3zoBanue lazepHON METOIMKH MO3BOJISIECT IPOCICIUTE 32 BOSHUKHOBEHUEM U PA3BUTHUEM CKOJIBKEHHUS U OIIPEACIUTh TaKhe
XapaKTePUCTUKH KaK HAIPaBJICHUs CKOJILKEHMS M €0 U3MEHEHHUE B TIpoliecce aeopMUpoBanHus o0pasiia, MUHUMAIbHOE PaccTOsSHIE
MEX/Y JIMHUSMU CKOJIBXKEHUS, XapaKTepHu3ylollee UHTEHCUBHOCTh PAa3BUTUSI CKOJIBKEHUS, a TAKXKE CTENEHb UCKPUBICHUS JIMHUN
CKOTBKEHHS, XapaKTePU3YIOMNX YIPOUHEHHE HCCIETyeMoro oopasma.

KuaroueBbie ci10Ba: [[BETOBBIE OPHEHTAIIMOHHEIE KAPTHI, POTALMOHHAS MOZIA, TPAHCISIMOHHAS MOJIA, TTacTHUeCcKast 1edopmariys.

Introduction

It is well known that the mechanical properties of
crystalline samples are structurally highly sensitive. The
mechanical characteristics of the sample under study
depend not only on the initial structure and substructure, but
also on the nature of change in the process of plastic flow.
Plastic deformation of crystalline samples is characterized
by two modes - translational and rotational. In the first case,
as a result of plastic deformation of the elementary event

- slip dislocations on the sample surface at the exit site of
dislocation occurs in the form of steps relief whose shape,
size, number, orientation, and other parameters can judge
and the mechanism of occurrence of plastic deformation.
Similarly, in the second case, when the plastic deformation
is characterized by a rotary mechanism, there is a reversal of
certain parts of the sample, which can significantly change
not only share in the plastic deformation of the translation
mode, but also to make an independent contribution (in
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some cases substantial) in the plastic deformation of the
entire sample .

In recent years, developed a number of techniques
[1, 2, 3, 4], that allow using color maps to determine the
orientation and orientation substructural characteristics
of the sample and monitor in situ for their change in the
course of its deformation. Using the method of imaging
hues [5, 6] it is possible to determine the parameters of the
linear substructural ~1 micron resolution and angular ~10
seconds.

The traditional method of determining the translational
component of plastic deformation based on a study of
the strain relief in the form of steps slip occurring on the
polished surface of the sample [7].

Experimental studies patterns of plastic deformation
of polycrystalline samples made in recent years have
shown that it is impossible not only to determine and
predict the occurrence and sequence of deformation modes,
thus characterize a pattern of plastic deformation in the
whole sample. The main reason is the lack of experimental
techniques which allow the process of plastic deformation
synchronously follow the emergence and development of
shear and rotation deformation modes.

The simultaneous use methods of obtaining color
orientation maps and thus define substructural characteristics
and their changes in the process of deformation of the
sample to the entire working surface of the sample and
methodology of the study of deformation structures in the
form of sliding steps will enable to trace the origin and
development of different modes of plastic deformation, to
determine the role of each of them in the plastic deformation
of the whole of the sample and eventually to describe the
mechanism of plastic deformation of the specimen.

Aim of this study was to develop a technique for the
simultaneous investigation of translational and rotational
fashion plastic deformation of the sample in situ during its
deformation.

Description of the experimental setup

Scheme of the experimental setup is shown in Fig. 1.
On the base plate (3) of the deforming device at different
sides test sample installed two devices: one for registration
color orientation maps, another - for the registration in situ
during the plastic deformation of the diffraction pattern
formed by diffraction of the laser radiation on elements
of the strain relief arising on the surface of the sample
during its plastic deformation. For experimental studies
it is necessary that one of the working surfaces of the
sample (1) was polished, to identify the strain relief on
it and recording the diffraction patterns on this relief by
laser using a web camera (4), the other for the purpose
of chemically etched identifying on it a quasiperiodic
relief with which the interaction of white light leads to
the effect of diffraction of [2] and, consequently, to the
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Fig. 1. The experimental setup.

appearance of color orientation maps recorded by using a
Web camera (10). Due to the fact that the size of the laser
beam on the sample surface are insignificant (2x2 mm?)
in the installation has a device (8) for scanning the laser
beam across the sample surface. The scanning speed was
10 mm / sec. Special screen (6) is transparent to the laser
radiation (A=630 nm) allows to record diffraction patterns
with a digital camera. Voltage measuring deformation
unused specially made elastic element (9) with adhesive
on it, and strain gauges connected in a bridge circuit. The
deformation of the sample was carried out using a special
loading device, which was the ultimate force ~5 kg. The
rate of deformation of the sample - ~105¢™'. All information
about the sample in the form of color orientation maps,
laser diffraction patterns and the deformation curve in
coordinates ¢ = 6(g) synchronous recorded with a PC with
a period of 0,01 seconds.

Fig. 2. The color orientation map of the surface of the in-
dividual grains of the polycrystalline sample aluminum
after deformation by 17%.
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Fig. 3. Distribution of the elements of the substructure
in various size grains of a polycrystalline sample after
17% deformation (a - grain 1, b - grain 2, ¢ - 3 grain).

Research results and their discussion
As an example, in Fig. 2. Bring the color orientation
map of the surface of the individual grains of a

polycrystalline sample of aluminum after deformation by
17%.

Color image of the surface of the grains uniform, which
indicates the presence in the sample of the substructure
elements [3]. Fig. 3. provide information on the distribution
of elements of the substructure for the size of the sample
before and after the deformation of 17%, obtained using
the method of visualization [5] The colors in the COM.
From Fig. 3 that when the deformation of 17% in the 1-st
(a) and 2-nd (b) the grain is its division into blocks with a
decrease in the average block size, and expanding the range
of their disorientation. In the 3-rd grain (c) in the process
of deformation of the sample, and the average size of the
block range of misorientation not changed. This grain is in
the process of plastic deformation unfolding as a whole.

Distribution curves subgrain size and crystallographic
orientation to third grain deformation to the sample and
after deformation of 17% are shown in Fig. 3 c.

Thus, effects rotation of the first and second grain
manifested in a change in orientation of the sample during
deformation substructure elements, their crushing and
spreading of these changes, and the third average grain size
subgrain disorientation and their spectra remain practically
unchanged. In the process of deformation of the grain
subgrain orientation change occurs, leading to a change in
the orientation of the grain as a whole.

Here, in Fig. 4 shows typical laser diffraction patterns
obtained from the grains mentioned above, after the
deformation of the sample by 17%.

For grain 1 with a well-developed structure of a rotary
slip traces are found almost, so there is no diffraction pattern
(Fig. 3 a). On the surface of grain 3 after the deformation
of the sample at 17% deformation relief formed in the form
of steps at the exit site slip dislocations. This is evidenced
by the form of the diffraction pattern resulting from the
interaction of the laser beam with the relief (Fig. 3 c¢).
Analysis color maps of the orientation obtained from the
surface of the grain, showing that the effect of grain in the
crushing process of deformation of the sample takes place.

abc

Fig. 4. Laser diffraction patterns from the surface of the grains of the polycrystalline sample 1,2,3 after deformation

by 17%.
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Conclusions

1.The technique allows to simultaneously investigate
the emergence and development of translational and
rotational deformation modes of the sample in situ in the
process of deformation has been proposed.

2.Using a laser technique [8] allows not only to register
the occurrence of strain relief, but also the character of its
development in the process of deformation of the sample.
By the form of the diffraction pattern can determine the
direction of the slide and the change in the deformation
process. The shape and size of the diffraction pattern (in
view of its reflexes) can be defined such substructural
characteristics of plastic flow [8] as the minimum distance
between slip lines, characterized by intensive development
of plastic deformation and the character of the curvature
of the slip lines defining the pattern of hardening of the
sample.
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