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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™
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*3 Faculty of Engineering, University of the Ryukyus

1 Senbaru, Nishihara-cho, Nakagami-gun, Okinawa, 903-0213 Japan

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 (GNDs) 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
results of the analysis show non-uniform deformation 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-body 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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Fig. 1 Geometry and boundary condition for the models employed in this study. (a):Symmetric-type bicrystal model,

(b):Relationship between symmetric-type bicrystal and compatible-type tricrystal model, (c): Compatible-type tricrystals
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Table 1 Euler angles (x, 6, ¢) , angle between slip direction and tensile direction o, components of slip direction vector b

H—9X_DIZLY, TETVOERNETT H720 (£
2B, k1, 2, 3ICAELUIMHEOTIREES &,
gL, ELIX 0 LD F, B, 2, 3ICKBITD
Schmid 7> Vv PY™ OfEITZE LW =0, ki1, 2 (&
PR ER) (TET D &) bHE L2, K(10) & i
/@?“5‘6)(7).

W1, 2 kL 3 OYEIFER G OMAEDEIR, F
TR0 Z A1 D[101] OF =Y K b L AR H D7
TR D3, 45°0 B AR BEA & oA AN S A
N5 X9 RMABEEHEY, oV=a®=44°, o® =46°L
L7z, 27T, a DABOWATFIIERRESTHS.
ZOWE, R 1, 2 LR 3IZRBIT D PO OmITELL
20, kL1, 2, 3WCAETLDEMELLI Y, K1),
(I2)&WMETH. Thbb, R(10)~(12)% 2 THeE T
L7129, ZOET NV DRSO ZET 0.

VI E py 1Z, ZHNOARBEMICENT S
AN RAE T RN E HI2 1.0X10° [m? [TH—& LT
ZOETIVIERORHE RO y R OEMEER L,
FT )V B O ST y 518 O — B R iRE 25 AT & 3R
L, FHEIRY OFHe, B 1% THlR- 7.

4. BIFRERLER

41 SRHEEREEMEERIBOMR FESE
BEHRODC, MBMEHRTHET R ZOT YL
DIGIRZEAL DAV OHRIT LY, RE—ETEHI 4
U5 &I, fERRINEIC OGN BRAFER L S 1,
BORY)—ERREEZREIEDL Z 2B~
T, WARCEERICR TS TS EHEEER] e
TNV OETGRIEIC RIET RO TRF LR R %
ST

B 325D O A e, B3 0.01%DBEFEIZE
DEFGIRIEZ T, BAVEE AWF O 7 O LSS Hinfir
BESOFTREMIT, ZOOTHRERICBIT 5K

- -
— —

9th)
2
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Table 2 Value of Schmid factors of 12-slip systems when tensile direction is parallel to y-axis.
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= ond 3 40 5 60 =70 g ot 0™ L 12"
1 0.2945 0.1699 | 0.4645 | -0.2146 | -0.0435 | -0.1666 | 0.2498 | 0.2498 | 0.4997 | 0.3298 | 0.1280 | 0.2018
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Fig. 3 (a): Distribution of plastic shear strain, (b): density distribution of statistically stored dislocations, density distribution of
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(c): edge and (d): screw components of geometrically necessary dislocations on the primary slip systems when the average

tensile strain g, is 0.01%, Unit of dislocation density is m?>.
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Fig. 4 Schematic 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, (¢): edge and (d): screw
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