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Abstract: Dislocation models of twins, represented by jogged positions of
twinning dislocations at the boundaries, were examined. Uniform distribution of
dislocations in an elastic twin, growing under the action of point load was calculated.
Calculations of interaction of the contrary elastic twins were made. The results explain
peculiarities of interaction of the contrary elastic twins observed during the experiment.
Stresses which appeared in a zone surrounding the twin were determined. The manner
of stress distribution allows explaining peculiarities of contrary twin interaction. In the
experiment the formation of microcrack nucleation at distances up to 100 um was
observed. The microcrack nucleation can be caused by superposition field of tension
stresses of interacting twins. Microcrack nucleation according to Fujita mechanism is
considered to be more probable.

Introduction

The twins which come out of a crystal after unloading are named elastic twins.
Such twins are formed under point load [1, 2]. In that case elastic stresses, in the field of
which there is a growth of the twin, are not constant; they decrease as the distance from
the zone of contact increases [3]

2
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where x and y are the coordinates, P is the force applied to the wedge and operating
along x direction.

In twinning boundaries the adjoining dislocations are located and move in the
parallel planes shifted for distance % [2]. Thus several dislocation models of twinning
defects are possible [4]: single twinning border (TB), a twin with a disposition of
dislocations which is symmetric regarding the plane of twinning (ST) and an
asymmetric twin formed of boundaries with different number of dislocations (AT). In
the present work mentioned models are analyzed using numerical method with
reference to a problem of origin of destruction at mechanical twinning. Two schemes of
microcrack nucleation — at the top of the stacked twin and at interaction of contrary
twins are considered.

Results and Discussion

The model of twinning boundaries is shown on Fig. 1. In generation of equations
of dislocation balance in boundaries external stresses, stress of dislocation interaction
and crystal resistance to a shift ts were considered. Equation of balance for the model on
Fig. 1 can be written down as follows:
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Fig. 1. Dislocation model of a twin boundary
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where 4= T), G is the module of shift, v is Poisson’s ratio, b is Burgers vector of
n(l-v

a single twinning dislocation, x; and y; are the coordinates of dislocations. If the twin is
being broken at some obstacle, for example, at a twin of another system, then the
equations of balance will be as follows

4, —x ) —x) ==y ma
Z 242 + R
X; [(x; x) +(i—y;)7] i

where L is the length of the twin.

For the twin with two boundaries the equations (2) are necessary to be
supplemented with an item, mentioning the interaction of dislocations of different twin
boundaries. In both equations an action of external loading is replaced by an elastic field
of a superdislocation with the sum Burgers vector mb, located in the point x = 0. A basis
of such replacement is the fact that the elastic fields created by point loading and
stresses created by dislocation depend on the distance just as 1/x. The loading P can be
calculated using the value m.

Some peculiarities of dislocation distribution for each model are illustrated by data
on Fig. 2 (the twin is stopped). It is obvious, that most physically adequate model is the
model AT. The model with a symmetric dislocation disposition is more likely to
represents a special case. It is seen, that during the transformation of ST into AT the
dislocations, situated symmetrically regarding the plane of twinning, are shifted to the
opposite ends. Thus they are situated similarly to dislocations in TB with the number of
dislocations equal to the sum of dislocations in the twin boundaries. At the analysis of
freely growing twins which are hold back only by friction force, the model of a planar
pile-up can provide acceptable accuracy. In the examination of the stacked twins the
best description is provided by models AT, ST and TB accordingly.

In the view of crack nucleation in the stopped pile-up it is interesting to examine
the dependence of distance between head dislocations d on the applied stress t. It is
shown, that for a constant external stress the latter can be presented by analytical
expression for an arbitrary number of dislocations #. If we put d from a condition of
dislocation incorporation, we receive critical parameters of microcrack nucleation.
Criterion of head dislocation incorporation at the forced approach is reaching the
distance d = 2.41h between them. Thermally activated crack nucleation occurs if head
dislocations draw together at a distance, for which the energy of a pair kink formation in
the second dislocation of a depth (d — b) possesses a preset value (the order ~2 eV) [5].

=0, i=23,..n, (3)
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Fig. 2. Disposition of dislocations at the top of defects:
1—-AT;2-TB;3-ST

In that case critical load is inversely proportional to number of dislocations in the twin.
Conditions of microcrack nucleation in twinning defects appear to be less rigid, than in
a stopped planar pile-up. Critical stresses of microcrack nucleation (m) for the elastic
twin also decrease with the growth n. But the dependence of m on n becomes smaller.
It is connected with the fact that in that case twin dislocations are situated in a
decreasing field of elastic stresses.

The form of the free elastic twin (scaled) is shown on Fig 3. Here dislocation
coordinates are marked on x direction, and thickness of the twin (or number of
dislocations in the boundary) — on y direction. Comparing it with similar results for the
stacked twin (Fig. 2), we can see that the top of the free twin is stretched in the direction
of its movement and has the form of a pointed beak. Moreover, the form of the twin
isn’t changed as the friction stresses tg increase. The twin only decreases in its length

inversely to the growth .

For freely growing twins dislocation density is essentially smaller than it is
required for head dislocation incorporation (~1/2.41k). Thus, if the growing twin hasn’t
met any obstacles, crack nucleation at its top according to the mechanism of dislocation
incorporation is unlikely to happen. However, one point is necessary to be particularly
mentioned. In fact, dislocations in a real twin are nonequivalent in the view of friction
forces working on them. It is shown in [1] that the head dislocation is to be worked on
by extra force of non-elastic origin, which is several times more than friction force for
the rest of the twin dislocations.
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Fig. 3. The form of twinning boundaries
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This circumstance makes a noticeable change in the dislocation distribution at the
top of the twin (Fig. 4). Its form becomes obtuse and resembles the top of a stacked
twin. This, in turn, leads to a sharp increase of dislocation density at its top.
Unfortunately, there are no reliable estimates for the value of non-elastic forces.
Therefore it is difficult to say whether their mentioning can lead to the crack nucleation
at the top of a pile-up due to head dislocation incorporation.

Calculations of contrary twin interaction (Fig. 5) have been also made. In this part
of the work the twins lying in parallel planes, which are situated at a distance H apart,
were examined. Twins were located in such a way that their tops were at a preset
distance A/ away from each other. Initial positions of dislocations were set by
equilibrium coordinates of dislocations of a single twin. Then the twin was given an
opportunity to relax to a new equilibrium position under the action of an elastic stresses
field of another twin. The equilibrium form of the twins was found out depending on a
level of the applied (value m) and geometrical parameters of A/ and H interaction. The
equilibrium equations for the model in Fig. 5 are as follows:
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where a 1/ is the stress working on the head dislocation number i = 7.
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Fig. 4. Density of twin dislocations
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Fig. 5. Dislocation model of contrary twin interaction
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Data in Fig. 6 show that the initial stage of twin interaction is the attraction.
Calculations for H/L=10"* were made, the initial length of twins was 3.5-10 sm.
Twins are attracted to each other almost to a complete closing of their tops, and then
repulsion of head dislocations and reduction of the twin length is observed.

Peculiarity of twins is the fact that they consist of dislocations with identical
Burgers vectors. Therefore at growth of the twin the field of long-range elastic stress in
the twin surrounding field will be formed.

The shift stresses created by twins in planes of dislocation sliding of another twin
(Fig. 7) were calculated. The manner of stress distribution enables to explain
peculiarities of contrary twin interaction. They are, in particular, their attraction at initial
closing and braking in process of twin layer (of the order 0.1...0.3 of their lengths).
Besides, the effect of interaction is the stronger, the smaller the distance between planes
of twin development is.
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Fig. 6. Dependence of the twin lengths on distance between the twin tops
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Fig. 7. Shift stresses created by the twin in a plane parallel to a twinning plane:
1-H=0.01L;2—-H=0.05L
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It is obvious that twin braking to a stop can be received only in case if their tops
will be shifted on one interplane distance. And in this case the microcrack nucleation in
the twin tops will occur as a result of the head dislocation incorporation. But the
probability of such interaction is very little. In the experiment the formation of
microcrack nucleation at distances H up to 100 um is observed. The microcrack
nucleation can be caused by superposition field of tension stresses of interacting twins.
Microcrack nucleation according to Fujita mechanism is considered to be more
probable.
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KiioueBble ciioBa U Qpa3bl: ABOMHKUKYIOIIAs JUCIOKALNS; MOJEIUPOBAHNE;
TPEILMHA; YIPYTUi ABOWHUK.

AHHOTanMsi: PacCMOTpEHB! JAHMCIIOKAIIMOHHBIE MOJEIU JBOWHUKOB, YUUTHIBAKO-
LIME CTYIIEHYATOE PACIIOIOKEHUE IBOMHUKYIOIIMX ITUCIOKaUui B rpaHunax. Paccuura-
HO PaBHOBECHOE pAacCHpeiejieHUEe NUCIOKALMM B YNPYroM ABOMHHUKE, pacTyLIEM MO
JIEUCTBUEM COCpPEJOTOUYEHHOM Harpy3ku. BBbINOJHEHBI pacueTbl B3aMMOJEUCTBUS
BCTPEYHBIX JIBOMHHUKOB. Pe3ynbTaThl Ha KayeCTBEHHOM YPOBHE XOPOIIO OOBSCHSIOT
0COOCHHOCTH B3aUMOJICHCTBUS BCTPEYHBIX IBOWHHUKOB, HAOIIOAAEMbIC B IKCIICPUMCH-
te. OnpeneeHsl HanpsHKCHUS B 0071aCTH, OKPYXKAFOIIEH TBOMHUK. XapaKTep pacipee-
JICHHUS HAIPSDKEHUHA TTO3BOJIACT OOBSICHUTH OCOOCHHOCTH B3aMMOJICHCTBHS BCTPEUHBIX
IBOMHUKOB. B akcmepumenTe Habmomaercss oOpa3oBaHHE MHUKPOTPEIIMH Ha PaccTos-
HUsAX 10 100 mMrMm. [IpudmrHA TOSBICHUS MUKPOTPEIINH — HAIOKEHHUE IOJIEH pacTsTH-
BAaIONINX HAMPSDKECHUN B3aUMOJCHCTBYIOIINX ABOHHUKOB. Hanbonee BEpOsSTHBIM Tpe-
CTaBJISIETCSI BCKPBITUE MUKPOTPELIMHBI 10 MeXaHU3My Dyn3UThI.
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Mathematische Modellierung der Entwicklung
und der Wechselwirkung der elastischen Doppelgéinger

Zusammenfassung: Es sind die Dislokationsmodelle der Doppelginger, die die
gestufte Anordnung der Doppelversetzungen in den Grenzen beriicksichtigen,
betrachtet. Es ist die Gleichgewichtsverteilung der Versetzungen im elastischen
Doppelginger berechnet, der unter dem Einflul von der gesammelten Belastung wiéchst.
Es sind die Berechnungen der Wechselwirkung der entgegenkommenden Doppelgénger
erfullt. Die Ergebnisse auf dem qualitativen Niveau erkldren die Besonderheit der
Wechselwirkung der entgegenkommenden Doppelgénger. Es sind die Anstrengungen
auf dem die Doppelginger umgebenden Gebiet bestimmt. Der Charakter der Verteilung
der Anstrengungen ldsst zu, die Besonderheit der Wechselwirkung der
entgegenkommenden Doppelginger zu erkldren. Im Experiment wird die Bildung der
Mikrorisse in den Entfernungen bis zu 100 mkm beobachtet. Der Grund des
Erscheinens der Mikrorisse — das Auferlegen der Felder der ausbreitenden
Anstrengungen der zusammenwirkenden Doppelgidnger. Wahrscheinlichst wird das
Offnen des Mikrorisses nach dem Mechanismus von Fujita vorgestellt.

Modélage mathématique du développemt et de ’interaction
des homologues élastiques

Résumé: Sont examinés les modéles de dislocation des homologues. Est calculée
la répartition équilibre des dislocations dans les homologues élastiques. Sont exécutés
les calculs de I’interaction des homologues contraires. Sont définies les tensions dans le
domaine entourant les homologues. Le caractére de la répartition permet d’expliquer les
particularités de I’interaction des homologues contraires. Dans I’expériment on observe
I’apparition des microfissures a la distance jusqu’a 100 um. La raison de I’apparition
des microfissures est I’interposition des champs des tensions étendantes des homologues
en interaction. La plus prévisible est I’ouverture de la microfissure a 1’aide du
mécanisme de Fujita.

AsBtopbl: Tanuna Banenmuna Anamonvesna — KaHAUIAT (PHU3UKO-MaTeMa-
THUYECKHX HayK, JOLUeHT Kadeapbl «YIpaBleHHE KaueCTBOM U CepTH(UKALMNDY;
Muwenko Cepzeii Bnaoumuposuy — TOKTOp TEXHHYECKUX HAYK, podeccop, HayIHBIN
pykoBoauTenb Kadeapbl «YnpaBieHHe KauecTBoM U ceprudukaims», GI'bOY BIIO
«TI'TY»; Tanun FOpuii Hnsuu — noxTop GU3UKO-MAaTEeMaTHIECKUX HAYK, Ipodeccop
kadenpsr obmeit puznku, PI'BOY BIIO «TamO0BCKHiA rOCyAapCTBEHHBIA YHUBEPCUTET
um. I'. P. JlepxaBunay, r. Tam0oB.

Peuensenr: IHonukapnoe Banepuii Muxaiinosuy — JOKTOp XMMUYECKUX HAyK,
npodeccop kadenpn «duzukay, PI'BOY BIIO «TTTY».
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