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Summary

In order to investigate the morphology change and formation process of interfacial
dislocation networks in Ni-based superalloys, we have performed many discrete dislo-
cation dynamics simulations. First, we have discussed about the stability of interfacial
dislocations networks without external loading. If we set the dislocation line and Burg-
ers vectors to the experimental result, and its slip plane the (111), the network lines
glide away from the interface and can’t maintain the initial shape of the network. If
the slip plane is changed to the (001) interface, dislocations are oriented in the (110)
directions by junction formation. The resulting line and Burgers vectors coincide with
the results of molecular dynamics (MD) simulations. Then we have bumped a pris-
matic dislocation loop into the stable (110) dislocation network, and confirmed a mesh
knot of dislocation network is replaced by the prismatic loop as observed in the other
MD simulation. Next, so as to investigate formation process of interfacial dislocation
networks, we have set several local rules for dislocation at the ' surface. There is
no remarkable motion on the ' surface if we change only the slip plane, since the
Burgers vector is not parallel to the interface. Therefore we have add a new rule that
dislocations also change the Burgers vector on the interface as the core interaction at
the interface. Due to the difference of slip plane between ' surface and v channel, the
dislocation line gliding on the 7' interface are bowed out by the pinning at the edge
of 4 cube. When the dislocation reaches the edge of the v’ cube, it shows a morphol-
ogy surrounding the 4’ cube. Finaly, we have set many Frank-Read sources crossing
each other in order to observe junction formation process. We have found a hexagonal

dislocation network is formed temporally on +" phase by junction formation.



g1 oo

g20 0oobo
21 00000000 .00
211 O00O0O0O0O0O0O .00
212 0O00O0OO0OO0O0OO0OOODOOOO0O0O .00 0000000,
213 000000 (Peach-KoehlerOOOOOOO) ... oo oL
214 00000000 0000
215 O0O0O0O0 .00 o s
21.6 O0O0O0OD0O0O ..o oo s
22 0000000000 .00 e

g3l oobbbuooobbbuoooobb
3.1 0000000 .0
3.1.1 OD000000000 .00
3.1.2 00000000O00D00000 ..o 0000000 ..
5 2022 I I I
321 0OO0OO0OOOO0OD0ODOO ..o 00 oo oo,
322 0O000OO0O0O0OO0OODOOOO0O ...
3.3 OO oo

040 0O00O0OOOOO0OO0OODODOOOOnDO
41 ~v//0000000000000001 ... ..
411 0000000000 ... 0o .

412 0000DOO0O0O0OOOOOO0O ...

© oo N O

10
12

14
14
14
17
24
24
27
34



42 ~/00000000000000 2. ... .. 44
421 0000000000 ... 0 oo 44

422 000000000DO0DOO0O0O ... 00000000, 44

43 ~//00000000000000 3. ... ... 48
431 0000000000 ... 0o o oo 48

432 0O0000DOOOOOOOOO0O ... 49

4.4 OO o 52
gs0 0O d 53
goboo 56
gobobooogboo 60



10

Ooooobooby000b0O0NDODODODOOOOOOOO0OO0OObOOoDO
gbogboboboooboobboobuoobbooboobboobooboon
ooboo cco,ubpobooooboonoobooooobboooobboooooo
gboogbooobob. obooboobbooboobbobobooboobbon
gobbooggobobuoooobobbuoooobboooobobooooboon
ODoMo0o0o000000000NIOOD0D00D00000000000000000
gboboboboooboboboboboboobobobobooobobobon
gobbooogbobobuogoobbbuoooobboooobboboooobon
gobbbuoooobbodagd

NiDOgoooooboooobooooooboooooboooobooooobo
gbooboobooboboboobooboobbooboobooboobono 40

OO0 NQOOoOooooooooooo1gboooooooboooobooooo

Fig.1.1 Typical microstructure of nickel-base superalloys!? 0



Fig.1.2 Dislocation network!® [
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Fig.2.1 Nodes and segments on dislocation loops and curves.
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Fig.2.2 Stress field around a finite segment.
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Fig.2.3 Self-force F;_ s at dislocation segement .
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b a (=L/2)
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Fig.2.4 Bow-out "double-kink” model for cross slip.
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Fig.2.5 Flow chart for short range interaction.
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Fig.3.2 Motion of dislocation networks (Network 1, (111)slip plane).
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Fig.3.3 Motion of dislocation networks (Network 1, (001)slip plane).
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Fig.3.5 Motion of dislocation networks (Network 2, d=0.063um).
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Fig.3.6 Motion of dislocation networks (Network 2, d=0.046pm).
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Fig.3.7 Motion of dislocation networks (Network 3, d=0.0664m).
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Fig.3.8 Motion of dislocation networks (Network 3, d=0.044pm).
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Fig.3.10 Schematic of slip plane and prismatic dislocation loop.
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