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EFFECT OF THE DENSITY OF TWINNING DISLOCATIONS ON THE
CONFIGURATION OF STRESS FIELDS NEAR A WEDGE TWIN
WITH DIFFERENT SHAPES OF THE BOUNDARIES

O. M. Ostrikov UDC 536.24

The effect of changes in density of twinning dislocations on one boundary of the wedge twin on the
configuration of the stress fields generated by the latter is considered on the basis of a macroscopic
dislocation model. Specific features of violation of symmetry of the stress-field distribution near the
wedge twin with different shapes of the boundaries are demonstrated for the case of different densities
of twinning dislocations on the twin boundaries.
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A macroscopic dislocation model of a wedge twin was proposed in [1]. This model allows the stress fields
inside the twin to be calculated, in contrast to the known model of a thin twin [2]. The model can also take into
account both the shapes of the wedge-twin boundaries and the specific features of the distribution of twinning
dislocations on the boundaries. Modeling of crystal twinning processes is currently considered as an important
research direction; hence, it seems reasonable to develop the macroscopic dislocation model [1] further.

The objective of the present work is to study how the density of the distribution of twinning dislocations
on the twin boundaries affects the configuration of stress fields near the wedge twin. The research is performed in
such a scale where the distance between the twinning dislocations can be assumed to be infinitely small.

As was demonstrated in [1], the stress fields near a wedge twin can be determined by the formula
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where L is the twin length, f1(zo) and fa(zo) are the functions that describe the shapes of the wedge-twin boundaries

(Fig. 1), p1(zo) and p2(xo) are the densities of the twinning dislocations on the twin boundaries, and cr (19 and

(20

o;; " are the stresses generated on the twin boundaries by individual dislocations, respectively. For a twm located
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far from the crystal surface, the stresses o;;7 " and 0,77 in the approximation of a homogeneous isotropic medium
are determined by the formulas
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Fig. 1. Schematic of a wedge twin (the dashed region indicates an ideal twin
with straight-line boundaries).
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Here p is the shear modulus, v is Poisson’s ratio, and begge and bscrew are the edge and screw components of the
Burgers vector of partial twinning dislocations (Fig. 1). All variants of the distribution of twinning dislocations on
the twin boundaries and all variants of the shapes of these boundaries are not considered in the present paper. We
confine ourselves to studying problems, which are of interest from the viewpoint of physical analysis with allowance
for available experimental data on wedge twins.

First, we have to consider twins with straight-line boundaries. Such twins are shaped as extended isosceles
triangles and characterize intermediate stages of evolution of twins in a crystal region with a small number of
defects [3]. Therefore, an increase in density of twinning dislocations on certain segments of the boundaries of such
twins can be considered as a process preceding the twin-boundary curvature, because an increase in the twin width
enhances the incoherence of the twin boundary and, as a consequence, increases the density of twinning dislocations
on convex segments of the twin boundaries. Vice versa, a decrease in the twin width (for instance, in the case of a
concave twin boundary) reduces the density of twinning dislocations on such a boundary or its segment. Therefore,
by modeling a decrease or increase in density of twinning dislocations on a straight-line twin boundary, based on
the model developed in [1], one can study the stress state near a wedge twin at the stage preceding the curvature
of its boundary.
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Fig. 2. Distribution of shear stresses 7,y near a wedge twin with straight-line boundaries: (a) p1 =
p2 = 05-10° m™'; (b) pr = 10° m™" and p2 = 0.5-10° m™*; (¢c) p1 = 0.25-10° m~! and
p2=0.5-10° m™".

In the case of straight-line boundaries, the functions f1(z¢) and fa(zo) in (1) have the form

fi(zo) = (H/2)(1 —xo/L),  fa(zo) = —(H/2)(1 —20/L), (2)
where H is the twin width near the twin mouth (see Fig. 1).
For p1(z0) = p2(x0) = const = p, with allowance for Eq. (2), Eq. (1) yields

L
H\2 1,0 2.0
0ij(z,y) = le +(5) /<a§j’ (2,9, 20) + 020 (2,9, 20)) do.
0
Let us illustrate the calculation results by an example of the distribution of shear stresses 0,,. This component of
the stress tensor is important for studying the interaction of a wedge twin with edge dislocations. The calculation
results are presented in the form of the distribution

nry(x7 y) = O'Iy(xa y)/AIya
where Ay = ptbedge/[2m(1 —v)], which allows the analysis to be performed regardless of characteristics of particular
materials.
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Fig. 3. Distribution of shear stresses 7,, near a wedge twin: (a) convex twin boundary (p; = 10° m~! and
p2 = 0.5-10° m™1); (b) concave twin boundary (p1 = 10° m™" and p2 = 0.25-10° m™1).

The order of magnitude of the density of dislocations was estimated on the basis of the experimental data
[4-6]. We used the calculated relation

p=N/L=H/(2aL),

where N is the number of twinning dislocations on the twin boundary and a is the parameter of the crystal lattice
in the direction perpendicular to the twinning plane. Let us use H = 31 ym, L = 100 pym, and a = 0.31 nm. Then,
we obtain p = 0.5-10° m~!. This value is three orders of magnitude greater than that in the example considered in
[7], where the twin length was much greater than its width. Such twins can be described by the thin twin model.
The model proposed in the present work can also be applied for twins with a commensurable length and width.
Such twins usually have a high density of twinning dislocations on the boundaries.

Figure 2a shows the distribution of shear stresses for the case of identical densities of twinning dislocations
on two twin boundaries and the shape of the boundaries described by functions (2). The distribution of the shear
stress field is symmetric with respect to the Oz axis. The stress o, is positive near the twin apex and negative
near the twin mouth. In the middle part of the twin, the shear stress is close to zero.

If the density of twinning dislocations on one boundary is higher than on the other one, the symmetry of
the distribution of the shear stress fields considered is violated (Fig. 2b), which precedes the curvature of the twin
boundary with a higher density of twinning dislocations. This boundary becomes convex [3], and its profile on the
2Oy plane is described by the function

fi(wo) = (H/2)\/1 ~ (20/L)2. 3)

The shear stresses calculated with the use of Eq. (3) for an excess density of twinning dislocations on the
curved boundary are plotted in Fig. 3a. Intense deformations of the crystal often lead to the emergence of new
twins on the convex boundary and to branching of already existing twins [8].

The symmetry of the distribution of stresses o, is also violated if the number of twinning dislocations on
the twin boundary is reduced (see Fig. 2c). This violation precedes the formation of a concave twin boundary whose
profile is described by the function

fi(zo) = (H/2)(x3/L* — 220/L + 1).

The shear stress distribution for a concave twin boundary is shown in Fig. 3b.

It is reasonable to define the curvature of the twin boundaries in the initial conditions because the shape of
the twin boundaries depends not only on the field of internal stresses in the crystal, but also on the difference in
the generation rates of twinning dislocations on the twin boundaries. The differences in the generation rates may
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be caused, for instance, by a gradient of external stresses near the twin mouth in the direction perpendicular to the
twin development direction. The stresses generated by the twin proper are of interest in this case.

Thus, the effect of the density of twinning dislocations on the twin boundaries on the stress field configuration
calculated on the basis of a macroscopic dislocation model near a wedge twin with different shapes of the boundaries
is studied. A change in density of twinning dislocations on one boundary of the twin is found to violate the symmetry
of the stress field distribution near the twin.

REFERENCES

1. O. M. Ostrikov, “Macroscopic dislocation model of a wedge twin,” Vestn. Gomel. Gos. Tekh. Univ., No. 2, 10-18
(2006).

2. A. M. Kosevich and V. S. Boiko, “Dislocating theory of elastic twinning of crystals,” Usp. Fiz. Nauk, 104, No.
2, 101-255 (1971).

3. O. M. Ostrikov, “Some features of wedge-shaped twins in bismuth single crystals deformed by a concentrated
load,” Fiz. Met. Metaloved., 90, No. 1, 91-95 (2000).

4. M. V. Klassen-Neklyudova, Mechanical Twinning of Crystals [in Russian], Izd. Akad. Nauk SSSR, Moscow (1960).

5. O. M. Ostrikov, “Use of thin polyparaxylene films to study the plastic deformation bismuth single crystals,”
J. Appl. Mech. Tech. Phys., 47, No. 4, 596-599 (2006).

6. O. M. Ostrikov and S. N. Dub, “Study of mechanical twinning of antimony single crystals by the method of
nano-indentation,” Inzh.-Fiz. Zh., 76, No. 1, 170-172 (2003).

7. A. M. Kosevich, Dislocations in the Theory of FElasticity [in Russian], Naukova Dumka, Kiev (1978).

8. O. M. Ostrikov, “Branching of wedge twins in bismuth single crystals deformed by a concentrated load,” Fiz.
Met. Metaloved., 87, No. 1, 94-96 (1999).

876




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


