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Multi-Body-Interaction of Crystal Grains in
Compatible-type Tricrystals under Tensile Loading
and Formation of Disclination-type Displacement Field

Ryouji KONDOU** and Tetsuya OHASHI
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Slip deformation in compatible type tri-crystal models subjected to tensile load is investigated
by using a continuum-mechanics-based crystal plasticity analysis technique. Accumulation of
geometrically necessary dislocations (GDNs) and statistically stored dislocations (SSDs) are studied
in detail. Mutual constraint of grains through the grain boundary plane does not occur in the
compatible type tri-crystals, but resuits of the analysis show non-uniform deformaion and high
density of GNDs accumulated in the form of band in each grain. Mechanism of non-uniform
deformation and accumulation of GNDs in the form of band in the compatible-type tri-crystals is
discussed from the viewpoint of multi-bady interaction between constituent crystal grains. The
multi-body interaction is shown to be caused by shape change of grains after slip deformation and
contribute for the formation of disclination type displacement field at the grain boundary triple
junction,
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Table 1 Eulerangles (x; 6, @) , angle between slip direction and tensile direction &, components of slip direction vector 8™ ,
slip plane normal vector #** and values of Schmid tensor P, (v =™ =0, pI* = pY* = A" =0)
Grain x 6 & T b (904) (9A) pom pom pom
Num, 5 6, ¢) {deg] a[deg) 'z r Ve v, ] 1 1
(74.983, 24.535, 79.469) 44 -0.6947 0.719] 0.7193 0.6947 | -0.4997 04997 | 0.0174
2 | (74.983, 24.535,259.469) 44 0.6947 | 0.2193 | -0.7193 0.6947 | -0.4997 | 0.4997 | -0.0174
3 (79.645, 24.973, 75.236) 46 07193 | 06947 0.6947 ] 0.7193 | -04997 | 04997 | -0.0174
Table 2 Value of Schmid factors of 12-slip systems when tensile direction is paralle! to y-axis.
Grain (1) Ty mmn Ty
Num. | 0703 | @13 [ oy | moy | fou7y | non | piop | o1 | non | miol § (o1 i pot)
[l Il T Y I & [ & |1 (T IV
02945 | 0.1699 | 0.4645 | -0.2146 | -0.0435 | -0.1666 | 0.2498 | 0.2498 | 0.4997 | 0.3298 | 0.1280 | 02018
2 0.2945 | 0.1699 | 0.4645 [ -0.2146 | -0.0435 | -0.1666 | 0.2498 | 0.2498 04997 | 03298 | 0.1280 | 0.2018
3 02803 .1 0.1937 | 0.4740 | 0.2241 | -0.0575 | -0.1666 | 0.2498 | 0.2498 | 0.4997 | 03060 | 0.1137 | 0.1923
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Fig. 3 (a): Distribution of plastic shear strain, (b): density distribution of statistically stored dislocations, density distribution of
(c): edge and (d): screw components of geometrically necessary dislocations on the primary slip systems when.the average

tensile strain £,, is 0.01%, Unit of dislocation density is m.
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Fig. 4 Schomatic illustration of (a) initial condition of each grain of compatible type tri-crystal, (b) imaginary slip deformation
without multi - body interaction, (c) when crystal grains have to deform in compatible manner, the displacement field
corresponds to that for wedge type disclination with its core placed at the grain boundary triple junction. -
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Fig. 6 (a): Distribution of plastic shear strain, density distribution of (b): statistically stored dislocations, (c): edge and (d): screw
components of geometrically necessary dislocations on the primary slip system (1 1)[101] . (e)(f):Distribution of plastic
shear strain and (g),(h): density distribution of norm of geometrically necessary dislocations on the secondary slip systems
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