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Connection between crystallographic orientation of grains and arise and development of
the main cracks in plastic deformated two-dimentional aluminium polycrystals with the
average size of grains of about 10 mm is investigated. It is shown experimentally that
macroscopic cracks arise in grains with crystallogeometric orientation [113] (411) or
traverse them during failure. The features of crystallogeometry of dislocation sliding at
the failure stage in such grains have been established.

Hccnemopana cBsa3p MeXIy KpHCTAJLIOrpaguUecKoll opueHTAIlliell 3epeH 1 BO3SHUKHOBEEe-
HUEeM U PaCIPOCTPAaHEHHEeM MAaruCTPAJbHBIX TPEIIVH B ILIACTUYECKU LeOpMUPYEMBIX ABY-
MEPHBIX IIOJHUKPHUCTANIAX AJIOMHHHUSA CO CPeIHUM DasMepoM 3epeH, paBHbIM 10 mm. IKcie-
PUMEHTAJIbHO IIOKA38aHO, YTO MAKPOCKOIHWYECKNE TPEIUHBI 3aPOXKIAI0TCH B 3€PHAX C KpUC-
Tajiaoreomerpudueckoii opumenranueir [113] (411) mau npoxXomsT uYepes HUX B IIPOIlECCe
paspyiieHns. ¥ CTaHOBJEHBl 0COOEHHOCTH KPHUCTAIIOreOMETPUN TUCIOKAIMOHHOIO CKOJbKE-
HUA HA CTAAUU PASPYIIeHUS B TAKUX 3EPHAX.
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The main crack origination in a metal
under mechanical stress is preceded by for-
mation and growth of microdiscontinuities.
In spite of the fact that there are numerous
physical models of microscale failure mecha-
nisms [1-3], the regularities of discontinu-
ity areas occurrence in a loaded material
and their transformation to a macroscopic
crack remain unclear to date. At the same
time, the interrelation between the strain
processes and failure, in particular, the con-
nection between motion and interaction of
dislocations and formation of micro-cracks,
is ascertained surely. That provides a basis
for consideration of failure process from
standpoint of the crystal geometry. So,
crystallographic regularities of a micro-
crack growth in strained thin foils of metals
and alloys are ascertained thanks to experi-
mental researches of failure in a high-volt-
age electronic microscope column [3]. The
aim of this study is to investigate the rela-
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tion between crystallographic orientation of
grains and development of main cracks in
plastically deformable two-dimensional
("parquet structure”) aluminum polycrystals.

The research samples with the working
part size of about 60x20x0.15 mm3 were cut
out from an aluminum foil (99.96 %). The
necessary average grain size of about
10 mm was provided by selection of prelimi-
nary strain and of recrystallization anneal-
ing parameters. The grain structure was re-
vealed by chemical etching. The specimens
were strained under active tension conditions
at a constant straining rate € = 2.1075 g71.
The main crack development was observed
in situ using a digital camera at a shooting
rate 30 pictures per second [4]. The crystal-
lographic orientation of grains was deter-
mined using the Laue X-ray technique.

As the mechanical tests have shown, the
failure of two-dimensional aluminum poly-
crystals with the average grain size of
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Fig. 1. Projections of tensile axis prior to
straining (1) and after failure (2) and the
approximate form of the grain reorientation
trajectory.

about 10 mm is viscous and the failure
character is trans-crystalline. The maxi-
mum plastic strain in such samples amounts
to 30 %. It has been established that grains
with crystal-geometric orientation [113]
(411) (tension axis and free grain surface
are in close coincidence with crystal-
lographic direction [113] and crystal-
lographic plane (411), respectively) are of a
particular importance in the failure process.
Macroscopic cracks arise in grains with
such orientation or traverse them during
the failure. The main crack changes its tra-
jectory and rushes the grain with orienta-
tion [113] (411) if such grain is away from
the initial direction of crack development.

The grains under consideration in this case
initially have the [113] (411) orientation or
get this orientation during plastic strain-
ing. The approximate form of the reorienta-
tion trajectory in the second case is pre-
sented in a standard stereographic triangle
in Fig. 1. The initial crystallographic orien-
tation specifies that in such grains, the pri-
mary sliding system is the (111) [101] one.
The tightness of plastic straining caused by
presence of grain boundaries entails the
crystal lattice reorientation presenting a ro-
tational plasticity act [2]. The grain rota-
tion brings the tensile axis on the border of
the stereographic triangle. This favors the
activation of the conjugated sliding system
(111) [011]. The double sliding traces are ob-
served on the surface of such grains (Fig. 2a).
The data of radiographic and metal-
lographic studies enable to establish the
features of crystal geometry of dislocation
sliding at the failure stage (Fig. 2b). In the
grains with initial [113] (411) orientation,
the plastic strain seems to take the charac-
ter of double sliding at once. In the reori-
ented grains, the sequence of strain proc-
esses appears as follows: straining accord-
ing to the primary sliding system — erystal
lattice reorientation — activation of the con-
jugated sliding system — double sliding —
failure. In both cases, the crystal-geometric
orientation [113] (411) is connected with
double sliding. The interaction of disloca-
tion in crossed sliding systems (111) [101]
and (111) [011] seemingly makes this orien-
tation unstable with respect to failure.

Fig. 2. Traces of double sliding (a) and its crystal-geometric scheme (b) in a grain with [T13] (411)

orientation.
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KpucramgoreomerpnuHi 3aKOHOMipHOCTIi BUHMKHEHHSA
Ta MOMMPEHHA MAariCcTpaJbHUX TPIIUH y ABOBUMipHHX
MOJIIKpHCTAJIaX aJIOMiHiIO

€.10.Badian, A.I''Tonkonpad, O.B.lllexoéyoé6, P.B.Illypinoe

Hocaimxeno 3B’A30K Mimk KpucramorpadiuHoio opieHTarico 3epeH T4 BUHUKHEHHAM 1
PO3BUTKOM MAricTpaibHUX TPIIMH IpH JIACTUYHiIN medopmaliii IBOBUMIPHMX I[IOJiKpHC-
TaJiB adroMiHiO i3 cepenHim posmipom sepen, aruii mopisuie 10 mm. ExcnepuMeHTaNIBHO
IIOKAa3aHo, 10 MAaKPOCKOIIUHI TPimuHM 3apoMKyIOThCA Y 3€pHaX i3 KPUCTAIOreOMeTPUUHOIO
opienTamiero [113] (411) aGo mpoxoxaTs Kpish HuX y mporeci pyliHyBaHHA. BecTaHOBIEHO
ocobamBOCTI KpucramoreomMerpii AMCIOKAIIMHOrO KOB3aHHS HA cTamil pyHHYBaHHA y TAKUX
3epHax.
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