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In this paper presented the results of the rotation of the crystal lattice of grains in flat samples of two-dimensional polycrystals
of aluminum with a “pancake” grain structure ”with an average grain size d = 5 <+ 15 mm and initial dimensions of the working section
100 mm (length), 20 mm (width), 0.15 mm ( thickness). Rotation of the grain crystal lattice occurs as a result of dislocation sliding
during deformation of the samples by tension under active loading at a constant strain rate € = 10=5¢~* at room temperature. The
features of such samples are following: there is only one layer of grains in the cross section and their sizes in the directions of the length
and width of the sample significantly exceed the thickness of the sample; there is no constraint of the grain structure along the thickness
of the sample. As a result, there is no constraint of plastic deformation in this direction. Experiment shows that slip deformation occurs
predominantly in one slip system.

According to the well-known theoretical concepts of rotational plasticity, a model is proposed for the rotations of the crystal
lattice of grains, which are caused by the action of one slip system. Calculations show that the trajectory of rotation of the tension axis
on the plane of the stereographic projection is a circular arc, which is defined by the initial position of the tension axis. The equation
for such a circles is obtained. Two cases of mutual arrangement of the tension axis, the normal to the sliding plane and the sliding
direction are possible. If the initial crystallographic orientation of the grain is such that the tension axis lies in the plane of the sliding
direction and normal to the sliding plane, then tensile axis during the lattice rotation will be moving towards the sliding direction until
it coincides with it. In this case, the tensile axis rotation traces cross point [101] as for a single crystal sample. In other case, when the
directions of the tensile axis, sliding and normal to the sliding plane are not coplanar, then rotation trace does not pass through the point
[2101], but follows circular arc as mentioned earlier.

Comparison of the experimental data of the tensile axis rotation traces (based on the results of X-ray studies) with the calculated
traces proposed by model (with one active slip system) shows their good agreement.

Keywords: flat two-dimensional aluminum polycrystals, active tensile plastic deformation, dislocation slip, grain crystal lattice
rotation

[ToBOPOT KpHUCTATIYHOT PEIIITKH BHACTIAOK PO3BUTKY IUCIOKAIIMHOTO
KOB3aHHS B IUNIOCKUX JBOBUMIPHHUX MOJIKPUCTATIYHUX 3pa3Kax aJTrOMIiHIIO

3 “MJIMHIIEBOIO”’ 3€PEHHOIO0 CTPYKTYPOIO
€.B. ®Th0MOB

Xapxiscokuti HayionanoHutl yHisepcumem imeni B.H. Kapasina, m. Ceéo600u 4, 61022, Xapxkie, Yrpaina

HaBeneHo pesynbTaTH JOCIIDKEHb IepeopieHTAlil KPUCTATYHOT PELITKA 3epeH y IUIOCKHMX 3pa3Kax JBOBHMIPHHX
HOJIIKPUCTAIIIB AIIOMIHIIO 3 “MJIMHIIEBOIO” 3EpEHHOI0 CTPYKTYpOIO i3 cepelHiM po3mipom 3epeH d = 5+ 15 MM i nmouatkoBumu
po3mipamu po6odoi yactuau 100 MM (moBxkuHa), 20 MM (mmpuna), 0.15 MM (ToBmMHA). [lepeopieHTalis PENIiTKA 3epeH BUHHKAE
BHACIIJOK JTUCJIOKAL[IfHOTO KOB3aHHS B Mpolieci AedopMyBaHHs 3pa3KiB PO3TATYBaHHSIM B YMOBAaX aKTHBHOTO HaBAHTAKCHHS 3
nocTiiHoo mBMKicTIO AepopMmanii € = 10™5c~! npu kimuaTHii Temmeparypi. Crienudikoio Takux 3paskiB, y AKHX B OMEPEYHOMY
nepepisi € TIIBKHU OJIMH IIap 3ePeH 1 pO3MIpH 3epeH y HANPsMKax JOBXKHMHH i IIUPUHH 3pa3Ka iCTOTHO epPEeBHIIYIOTh TOBIIMHY 3pa3ka,
€ BIJICYTHICTh OOMEKEHOCTI 3epeHHOi CTPYKTYpH MO TOBIIMHI 3pa3ka. BHacHigoK LbOTO BiACYTHS YTPYAHEHICTh IMJIaCTUYHOL
nedopmartii B 1[boMy HampsMKy. 3TiHO 3 eKCHepUMEHTOM aedopMailis KOB3aHHSIM 3IiMCHIOETHCS MEpeBaXKHO B OAHIN cucTeMi
KOB3aHHS.

VY Mexax BiJOMHX TEOPETHYHHX YSBJICHb IPO POTAIifHY IUIACTHYHICTH 3aIPONOHOBAHO MOJETb ITOBOPOTIB KPUCTAIIYHOT
PELIITKHU 3epeH, SIKi CIPUYUHSE Jist OfHiel cucTeMu KoB3aHH:. Ha mincraBi po3paxyHKiB IOKa3aHO, IO TPAEKTOPIEIO MepeopieHTaril
oci pO3TATYBaHHSA Ha IUIOIMHI crepeorpadiunoi mpoekmii € ayra Koyla, HOYaTKOBa TOUYKa $KOI BIANOBIZAa€ IOYATKOBIH
Kkpuctanorpadiuniii opienramii 3epHa. OxepxaHO PIBHSHHSA Takoro koma. IIpy IpOMy € MOXIIMBHMH [iBa BHIIAQJKH B3a€EMHOTO
po3TanlyBaHHS OCi PO3TAryBaHHs, HOpPMaii 0 IUIOLIMHKM KOB3aHHS M HAmpsMKYy KoB3aHHs. SIkumio BuxigHa Kpucramorpadivuna
Opi€HTALlisl 3epHA € TAKOIO, 110 BiCh PO3TATYBAaHHS PO3TAILOBAaHA B IUIOLIMHI HANPSAMKY KOB3aHHS i HOpMaJli 10 IUIOIMHY KOB3aHHS,
TO IIOBOPOT PELIITKH 3epHA Bi0yBaTUMEThCS TaK, 10 BiCh PO3TATYBaHHS HAONMXKATUMETHCS 110 HAIPSMKY KOB3aHHS /10 30iry 3 HUM.
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Rotation of crystal lattice induced by the development of dislocation slip in flat two-dimensional
polycrystalline samples of aluminum with a “pancake” grain structure

VYV 1poMy BHIAAKY IPOIOBKECHHS TPAEKTOPIl MepeopieHTAalil OCi pO3TATYBaHHS B CIPSHKEHOMY cTepeorpadidHOMy TPHKYTHHKY
notparise B Touky [101] Tak camo, sik 1e BigOyBaeThCs ISl MOHOKPUCTAIIYHOTO 3pa3ka. B iHIIOMYy BHMAIKy, KOJH HANPSMKH OCi
pO3TATYBaHHs, KOB3aHHA W HOpPMali /IO IUIOIIMHM KOB3aHHS € HEKOMIUIAaHApPHHUMH, NPOJOBKEHHS TPAEKTOpii mepeopieHTarii B
CIpsDKEHOMY cTepeorpadiuHOMy TPUKYTHHKY He moTparuisie B Touky [101], ane mpsiMye 3a 3ragaHoro BUILE YO0 KOJa.

[lopiBHSIHHS EKCIIEpUMEHTAIFHUX JAaHUX BH3HAUYEHHS TPAEKTOpii MepeopieHTalii OCi pO3TATYBaHHS 3a pe3yIbTaTaMu
peHTreHorpagiuHuX AOCTIKEHb 13 NAaHUMH PO3paxyHKy Ha OCHOBI 3allpOIOHOBAaHOI MOJENi TpaekTopii mHepeopieHTarii oci
PO3TATYBaHHS BHACHINOK Jii OJHI€T CHCTEMH KOB3aHHS CBIUHUTS IIPO iXHIO OOPY y3TOKEHICTS.

KnrodoBi cioBa: 1miocki ABOBHMIpPHI MONIKPUCTANM alIOMIiHIIO, aKTUBHA IUIaCTHYHA JedopMailisi po3TATyBaHHSIM,
JIUCITOKAIiifHe KOB3aHHS, IOBOPOTH KPUCTANIIYHOI PEIIITKH 3epeH.

Pa3BopoT KpUCTATIITNYECKON PEIIETKHU BCIECACTBUE PA3BUTHUSA
IVCIIOKAMOHHOTO CKOJIBKEHHUS B INIOCKUX JIBYMEPHBIX
MOJIMKPUCTALIMYECKUX 00pa3iiax alFloMUHUS ¢ “OJMHHON 3€pEHHOM

CTPYKTYpOM
E.B. ®TémoB

Xapvrosckuil HayuoHanbHwill yHusepcumem um. Kapasuna, ni. Ceoboosi, 4, Xapvkoe 61022, Yrkpauna

IIpencraBieHbl pe3yibTaThl HCCIIENOBAHMN MEPEOPUCHTALMM KPHUCTAJUIMYECKOW DEIISTKH 3epeH B IUIOCKUX oOpasuax
JIBYMEPHBIX MOJMKPUCTAJUIOB aJIOMUHUS C “ONMHHON” 3epeHHON CTPYKTYpO#” CcO cpeiHHM pa3smepoM 3epeH d = 5-+ 15 MM u
HCXOIHBIMH pa3Mepamu padodeit yactu 100 MM (mumuna), 20 MM (mmpuHa), 0.15 MM (TonmmHa). Pa3BopoT pemeTku 3epeH BO3HUKAET
B pe3yJbTaTe IHCIOKALMOHHOTO CKOJBXEHHS B Ipolecce NeOopMUPOBaHHSA OOpa3lOB PACTSHKEHHEM B YCIOBHSAX AKTHBHOTO
Harpy’eHus ¢ IOCTOSIHHON cKOpocThio AedopMarnuu € = 107>c™! npu xoMHaTtHO# Temmeparype. Chenudukoii Takux o6pasios, y
KOTOPBIX B IONEPEYHOM CEUCHUH MMEETCS TOJBKO OAWH CIIOH 3epeH M pa3Mepbl 3epeH B HalpaBiIeHHSIX JUIMHBI M IIUPHHBI 00pa3na
CYIIECTBEHHO MPEBBIIAIOT TOJIMHY 00paslia, sBIAETCS OTCYTCTBUE CTECHEHHOCTH 3€PEHHON CTPYKTYpBI IO TOJIIMHE oOpasla.
BceneacTBue 3TOro OTCYTCTBYET CTECHEHHOCTh IIACTHYECKOH Ae(opManuy B 3TOM HampasieHHH. Kak MOKa3pIBaeT HKCHEPHUMEHT,
nehopMalys CKOJIBKEHHEM OCYIIECTBILIETCS TPEUMYIIECTBEHHO B OJTHON CHCTEME CKOJIBKEHHS.

B pamKax HM3BECTHBIX TEOPETHMYECKHX MPEICTABICHHH O POTAIMOHHON IUIACTUYHOCTH MNPEJIOKEHa MOJENb MOBOPOTOB
KPUCTAJJINYECKON PELIeTKU 3epeH, KOTOPbIE BHI3BIBACT JEHCTBHE OJHON CHCTEMBbI CKOJIbXKeHMs. Ha 0CHOBE pacuyeToB MOKa3aHo, YTO
TPaeKTOpHEH IEepeOpUEHTAIIMM OCH PaCTSHKEHHs Ha IUIOCKOCTH cTepeorpaduyeckoil MpPOeKIWH SBISETCS yra OKpYXKHOCTH,
HayajJbHas TOYKa KOTOPOW COOTBETCTBYET HMCXOJIHOH KpHcTauiorpaduueckod opHeHTauuu 3epHa. [lomydeHOo ypaBHEHHE Takoi
OKPYXHOCTH. IIpr 3TOM BO3MOXKHBI JBa CITy4asi B3aHMHOTO PACIIOJIOKEHUSI OCH PACTSHKEHHMS, HOPMAIN K IJIOCKOCTH CKOJILKEHUS U
HaIpaBJICHUs] CKONBXeHUs. Eciu McxomHas KpucTawiorpaguyeckas OpHEHTAIMsi 3€pHa TaKOBa, YTO OCh PACTSDKEHHUS JISKHUT B
IUIOCKOCTH HAIPaBJICHUS CKOJBKEHHSI X HOPMAJIH K TIJIOCKOCTH CKOJIBKEHHMS, TO MOBOPOT PEIIETKH 3epHa Oy/AeT MPOUCXOIUTD TaK,
YTO OCh PACTSDKEHHMS MPUOIIKACTCS K HAPABICHHIO CKOJIBKEHHUS [I0 COBIIAICHHUS C HUM. B 3TOM ciy4ae MpoaoDKeHHe TPaeKTOPHU
BpAIICHUS] OCH PACTSDKEHHS B CONPSDKEHHOM cTepeorpauyeckoM TPEYTOJbHUKE MpoXoauT depe3 Touky [101] tak ke, kak 3TO
MPOUCXOMT Ui MOHOKPHCTAJUTMYECKOTo 00pasua. B apyrom ciryyae, Koria HalpaBIeHUs OCH PACTSHKEHUS, CKOJIBKEHHS 1 HOPMaJIN
K IUIOCKOCTH CKOJIBKECHHs HE KOMIUIAHAPHBI, TPOJODKCHHE TPACKTOPUM TEPEOPHEHTALMH B COIPSDKEHHOM CTepeorpapuieckoM
TPEYTOJIBHUKE HEe TPOXOINT uepe3 Touky [101], Ho uaeT mo ynmoMsHyTO! BBIIIE TyTe OKPY>KHOCTH.

CpaBHEHHE OKCIHEPUMEHTAJBHBIX JAHHBIX OIPEACNCHHS TPACKTOPHU IIOBOPOTA OCH PACTSDKEHHsS 10  pe3ysbTaTam
peHTreHorpadgpuIecKux UCCIeI0BaHu ¢ JaHHBIMU pacyeTa Ha OCHOBE MPEII0KEHHON MOJIENHU TPAeKTOPUH IIOBOPOTA OCH PACTSIKECHHUS
BCJICACTBHEC ﬂeﬁCTBMﬂ OllHOFI CUCTEMBI CKOJIBXXEHUS CBUACTEIILCTBYET 00 ux XOpOIIEM COOTBETCTBUU.

KimioueBble ¢JIOBa: IIOCKHE JABYMEPHBIE NOJIMKPUCTAJUIBI AJIIOMUHUSA, aKTUBHAS IIJIACTUYCCKAsA ae(bopmaumt PaCTAXKCHUEM,
JTUCIIOKALHIOHHOE CKOJIBbXKEHUE, OBOPOTHI KPUCTAINIMYECKOI PEIIETKH 3epeH.

1. Introduction when there is only one layer of grains in the cross section

Plastic deformation of macroscopic single crystals and
polycrystals of metals has been studied in detail for a long
time [1, 2]. Recently, attention has been focused on the
analysis of strain hardening of micro- and nanocrystalline
samples, including those with a transverse size in the
micro- and nanoscale, as a promising materials for
miniaturization of devices in the medical industry,
microelectronic industry and nanotechnology, etc. [3 — 6].
At the same time, in practice, thin films, foils and plates are
widely used, which have one to several layers of grains are
located in the thickness of a polycrystalline material.

In this regard, it is important to study the mechanical
properties of flat two-dimensional polycrystalline samples
with the so-called “pancake” grain structure or close to it,

of the sample, and the grain sizes in the directions of the
length and width of the sample significantly exceed the
thickness of the sample [3, 6 — 10].

For coarse-grained flat two-dimensional
polycrystalline samples with a “pancake” grain structure,
one of the important factors determining their mechanical
behavior is the crystallographic orientation of the grains.
During the process of plastic deformation, the shape and
size of the grains, as well as their crystallographic
orientation are changing [10 — 17]. This work is devoted to
the study of grain crystal lattice orientation changes of
aluminum samples due to the development of dislocation
slip under conditions of uniaxial tensile deformation.
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2. Experimental procedure
2.1. Specimen preparation
To analyze the lattice rotations during plastic
deformation, large grained specimens of pure aluminum
(99.96 %) were used. Samples were taken from rolled
polycrystalline aluminum foil 0.15 mm thick. Samples
with dimensions 100 mm long, 20 mm wide, and 0.15 mm
thick were cut from foil in the rolling direction. In order to
relieve internal stresses caused by foil rolling, the samples
were annealed for 2 hours at T = 400 °C. Then samples
were deformed by uniaxial tension to € = 3% and annealed
at temperatures T = 300 °C (2 hours) and T = 630 °C (2
hours), which made it possible to obtain samples with an
average grain size d = 5+15 mm, so that only one layer of
grains (two-dimensional polycrystal) was placed in the
cross section of the sample, and a “pancake” grain structure
was formed, in which the grain sizes in the directions of
length and width of the sample significantly exceeded the
thickness of the sample.

2.2. Specimen surface and grain structure

The grain structure on the surface of the samples was
revealed by chemical etching using an etchant of the
following composition: 30 ml of HCI, 20 ml of HNO3, 5
ml of HF, 30 ml of H.O (etching time is 10 s).

The crystallographic orientation of grains in two-
dimensional aluminum polycrystals before and after
deformation was determined by the direct Laue method. To
study the deformation relief on the surface of grains of two-
dimensional aluminum polycrystals, an MIM-8 optical
microscope and a Jeol JSM-840 scanning electron
microscope were used.

2.3. Tensile testing

As it is known, the loading method has a significant
effect on the nature of the plastic deformation of the metal.
Plastic deformation of a polycrystal under load is provided
by two mechanisms - translational and rotational [13]. The
second one is caused by the appearance of a field of turning
moments in a deformable solid. Depending on the type of
loading, various methods of relaxation of this field are
implemented. Experiments on active tensile loading are
fundamental, since they make it possible to involve
practically all the mechanisms of relaxation of the
rotational moment field due to a continuous increase in the
external load with a change in the rate and degree of
deformation over a wide range [13]. Therefore, in this
work, mechanical tests of two-dimensional aluminum
polycrystals were carried out by tension under conditions
of active loading. The samples were tested on air with a

constant strain rate & =10 s and temperature T = 293K
until the failure.

3. Dislocation slip and rotations of the grain lattice
3.1. Model

During the movement of individual dislocations, the
translation of the nodes of the crystal lattice occurs, but the
direction of the crystallographic axes remains unchanged.
The emerging shears of the layers of the crystalline
material can be well illustrated by the model of sliding
plates (Fig. 1) In this case, the sample axis AB, which
coincides with the tensile axis before the onset of
deformation, changes its position in space (Fig. 1b) [1, 17].
Thus, the free movement of dislocations along the crystal
causes the shape change and rotation of the AB axis of the
sample, without changing the crystallographic orientation
(rotation with an invariant lattice) [12, 13]. However, in the
presence of rigid grips of the tensile testing machine, which
can only move along the tensile axis, such change in the
direction of the AB axis, i.e. rotation with an invariant
lattice (Fig. 1b) is impossible. Under conditions of active
loading, the sample axis must always coincide with the
tensile axis (Fig. 1c). In a single-crystal sample, the
fulfillment of this requirement leads to a rotation of its
crystal lattice (Fig. 1c), while the direction of sliding turns
to the tensile axis, tending to coincide with it [1, 11, 17].

Fig. 1. Scheme of tensile deformation of a single-crystal
sample in the model of sliding plates (traces of sliding planes
are shown by diagonal lines, the tensile axis is shown by a
horizontal dashed line).

When moving from a single-crystal sample to a
polycrystalline one, the nature of plastic deformation
becomes much more complicated. The requirement to
preserve the continuity of the material makes it impossible
to rotate with an invariant lattice of a grain in a polycrystal.
For the selected grain, the surrounding grains at first
approximation represent a rigid matrix. Grain boundaries
are effective barriers to moving dislocations. They cause
constraint of plastic deformation starting from the early
stages of its development. As a result, reactive forces arise
that cause plastic rotation of the selected grain relative to
the surrounding rigid matrix [12, 13]. This causes a change
in the crystallographic orientation of the grain. A
quantitative description of this rotation is based on
calculations of shear deformation in active slip systems [11
—147:
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where A® is rotation leading to plastic rotation of the

crystal lattice; Ay,,, i, and fp are the increment of the

P
shear deformation, the normal to the slip plane, and the unit
vector in the shear direction for the p-th active slip system
respectively.

The aim of this work is to study this type of rotation in
two-dimensional aluminum polycrystals with a “pancake”
grain structure. The feature of such objects is that there is
no constraint of plastic deformation along the thickness of
the sample [9, 10], as a result, dislocation slip in grains
occurs practically only in the primary slip system, as
observed by the experimental data (Fig. 2).
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Fig. 2. Images of the surface of grains of deformed specimens
with traces of dislocation slip, obtained using an MIM-8
optical microscope (a) and a Jeol JSM-840 electron
microscope (b).

Based on equation (1) the following expression can be
written:

o[t f], 0

i. e. the axis of rotation of the crystal lattice of the grain is
perpendicular to the plane lying on the unit vectors of the
normal to the slip plane fi and the direction of slip t of
the primary slip system. From (2) it follows that during the
process of deformation the axis of rotation @ does not

change its direction, and the vectors fi and t rotate in the

plane perpendicular to @ . That means means the angle
between the axis of rotation @ and the tensile axis ¢
remains constant. We will examine two coordinate
systems: laboratory (one of the axes of which is the axis of
tensile &), and crystallographic (axes of which are the
crystallographic directions in the grain of the polycrystal).
The rotation of the crystal lattice during the process of
plastic deformation means the rotation of the
crystallographic coordinate system relative to the
laboratory one. In the crystallographic coordinate system,
a constant angle between ® and ¢ means that during the
process of grain rotation, the tensile axis precesses around
the direction of the rotation axis (Fig. 3).

If the initial crystallographic orientation of the grain is
such that the tensile axis ¢ lies in the plane of the vectors
ri and t, then the grain will rotate so that the direction &

moves towards t and angle between them tends to zero.
In this case, trace of ¢ on the stereographic projection goes
to pole [101] as for a single-crystal sample [1, 10, 11].
Another case is when three unit vectors ri, t and ¢ are
not coplanar, i.e. when the angle between @ and & is not
aright angle (Fig. 3). Calculation shows that trace of the 6
axis on the stereographic projection does not pass through
the [101]. Indeed, if we choose (11i)[101] as the primary
slip system, then in the crystallographic coordinate system
of the grain, the unit vector of the rotation axis is defined

as @ =[1,—2,~1]//6 . The precession of the end of the unit

vector ¢ means that it is moving on a circle (Fig. 3), the
equation of which on the stereographic projection can be
written as:

(U_Uo)2+(V_Vo)Z=R2v 3)

where U, v are the coordinates of a point on a circle in the
stereographic projection plane, u,, v, are coordinates of
the center and R is the radius. For the primary system:

Uy =2/ (1+6(®,5)), Vo =1/ (1+V6(,5)),
R= (1 (0.0 )/ (116 + (@.6)
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Fig. 3. Scheme of the trace of the tensile axis ¢ on the sphere
of stereographic projection during rotation of the grain crystal
lattice during deformation (i, t, ®, ¢ are unit vectors).

Fig. 4 shows the traces of the tensile axis @ on the
stereographic projection during the rotation of the grain
crystal lattice during deformation in case when primary slip

system (111)[101] is active. These traces should be

observed in the main stereographic triangle, since the slip
system (111)[101] has the maximum Schmid factor

within this triangle.

Fig. 4. Circles on the stereographic projection corresponding
to equation (3).

When the projection of the tensile axis ¢ reaches the
boundary of the standard and its conjugate stereographic
triangles, the conjugate slip system should be activated and

double slip should occur [1]. Therefore, it is of interest to
construct the traces of the tensile axis for a conjugate slip
system from a conjugate stereographic triangle. The
problem is solved similarly as for a standard triangle. The
corresponding traces are shown in Fig. 5.

[101]
N [111]

[100] [110]

Fig. 5. Traces of the tensile axis 6 on the stereographic
projection during the rotation of the grain crystal lattice
during the deformation for the cases of action of only the
primary (standard triangle) and conjugate (conjugate triangle)
slip systems.

As can be seen from Fig. 4 and 5, traces of the tensile
axis for primary slip system (111)[101] depend on the

initial crystallographic orientation of the grain and are not
pass through [101], that fundamentally distinguish the

evolution of the rotation of a polycrystal grain from the
rotation of a single-crystal sample. As noted, an

exceptional case is when the vectors fi, t and ¢ are
coplanar. Then the traces of the tensile axis tends exactly
to the [101].

3.2. Experimental results and discussion

To verify proposed model, calculated traces of the
tensile axis rotation based on Eq. (3) must be compared
with the experimental data. It should be noted that the
validity of the assumption about the dominant effect of the
primary slip system is confirmed by the results of studying
the surface of deformed samples by optical and electron
microscopy. On fig. Figure 2 shown images of the
deformation relief of the grain surface, illustrating the fact
that, in most cases, dislocation slip in grains of two-
dimensional polycrystalline aluminum foils with a
“pancake” grain structure under active tension at room
temperature occurs mainly in one primary slip system. The
images of the microstructure clearly show traces of sliding
only for the primary system within grains (Fig. 2a) and at
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the boundary of two grains (Fig. 2b). Vertical lines parallel
to the tensile axis o are residual traces of foil rolling
(samples were cut parallel to the rolling direction during

preparation). Such mechanical behavior of two-
[101] o init e final
[111]
5
2.
1
3
3 2
[100] [110]
(a) sample 1 (e = 12.02%)
[101] o init e final
[111]
3. 4
4
28 7
)
[100] 2 [110]
(c) sample 3 (¢ = 15.11%)
[101] o init e final
[111]
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5. (] 3
4 1
[100] % [110]

(e) sample 5 (¢ = 9.34%)

dimensional polycrystals is presumably can be related to
absence of constraint in the grain structure (there is only
one layer of grains), as same holds for plastic deformation
over the thickness of the sample.

[101] o init e final
[111]
3.
T 3
44
2.
N5
[100] [110]
(b) sample 2 (e = 9.89%)
[101] o init e final
[111]
2.
®
3
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(d) sample 4 (¢ = 13.69%)
[101] o init e final
[111]
5
5.
1°\e Vg
1
2
3 4
[100] [110]

(f) sample 6 (¢ = 12.03%)

Fig. 6. Orientation of the tensile axis before and after deformation in grains of two-dimensional polycrystalline aluminum foils
with a “pancake” grain structure, determined from the data of X-ray studies, and model traces of rotation of the tensile axis,

calculated assuming the action of the primary slip system only.
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To compare the calculated traces of the rotation of the
tensile axis with the experimental data, the crystallographic
orientation of grains of two-dimensional polycrystalline
aluminum foils with a “pancake” grain structure was
determined by X-ray before and after deformation. The
results are shown in Fig. 6. For grains in which tensile axis
o before deformation lies in the plane based on the vectors
of the normal to the slip plane 7i and the slip direction ¢,
the trace of the rotation of the tensile axis tends to [101]
(grain 2 in sample 6 in Fig.6f) as for a single crystal sample.
For grains in which before deformation the vectors 7, £ and
o are not coplanar, the rotation trace does not intersect
[101], but moves along the circular arc described by
equation (3). Thus, the rotation of the crystal lattice of
grains in a polycrystal is fundamentally different from the
rotation of a single-crystal sample, for which the trace of
rotation of the tensile axis must always cross [101].
Comparison of the experimental traces of rotation of the
tensile axis (according to the results of X-ray diffraction
determination of the crystallographic orientation of grains
before and after deformation) with the calculated traces of
the rotation of the tensile axis due to the action of the
primary slip system indicates their good agreement. It
should be noted that, according to [4, 18], the operating slip
system in thin crystals and foils might be a system with not
the highest Schmid factor. Experiments show that the
active system is the one for which the path length of edge
dislocations to the sample surface is minimal, which
provides the smallest dislocation hardening. In our
samples, the active slip system within the grain was either
a system with a maximum value of the Schmid factor, or a
system with a value close to it. If the active slip system is
not the primary system (the one with the maximum Schmid
factor), then this does not affect the nature of the traces of
the tensile axis rotation, in the sense that the traces are still
determined by Eq. (3). In this case, the axis of rotation @
determined according to (2), the traces (circular arcs) of the
axis rotation along with the corresponding coefficients of
equation (3) will be different than for the primary slip
system. However, this does not fundamentally change
anything in our model.

It should be noted that for some grains, for example, on
Fig. 6 (grain 2 in sample 1, grain 3 in sample 3, grain 2 in
sample 4, grain 5 in sample 5), the projection of the tensile
axis during the process of rotation "overshoots" into the
conjugate stereographic triangle and moves in the direction
of the circular arc determined by the equation (3), but
deviating from the calculated trace. The reason for this
seems to be that the secondary slip system is activated. In
this case, for the theoretical calculation of the rotation
traces, it is necessary to use relation (1), which takes into
account the contribution of all operating slip systems.

However, the fact that, during the process of rotation, the
projection of the tenstion axis is not stay at the boundary of
the standard and conjugate stereographic triangles, but
"overshoots” into the second triangle, indicates the
dominance of the primary slip system. Differences in the
degree of rotation of different grains are caused by
differences in the local deformation of these grains. With
an increase in the degree of local deformation, the angle of
rotation of the crystal lattice also increases.

4. Conclusions

1. A model for the rotation of the FCC lattice of grains
of a two-dimensional polycrystals with a “pancake” grain
structure due to the development of dislocation slip in the
primary slip system upon deformation under active tension
is proposed. An equation for the rotation traces of the
tensile axis on the stereographic projection during the
process of deformation is derived.

2. Modeling of the tensile axis rotation traces shows
that, depending on the initial crystallographic orientation
of the polycrystal grain, two cases of rotation are possible.
If the tensile axis before deformation lies in the plane
containing normal to the slip plane and the slip direction,
then the trace of rotation passes through [101] direction as
for a single crystal sample. In the case when vectors of
normal to the slip plane, the slip directions, and the tensile
axis are not coplanar, then traces of rotation are not pass
through [101], but moving on arc of a circle defined by the
equation obtained for proposed model. This case of
rotation of the crystal lattice of a polycrystal grain is
fundamentally differs from the rotation of a single crystal
sample.

3. Based on the results of studying the surface of
deformed samples by optical and electron microscopy, it
was shown that, in most cases, dislocation slip in grains of
two-dimensional polycrystalline aluminum foils with a
“pancake” grain structure under active tension at room
temperature occurs mainly in one primary slip system,
which, presumably due to the absence of constraint of the
grain structure and plastic deformation along the thickness
of the sample. Experimental data of the tensile axis rotation
traces (based on the results of X-ray diffraction
determination of the crystallographic orientation of grains
before and after deformation) indicates good agreement
with the calculated data for the rotation traces of the tensile
axis due to the action of the primary slip system.
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