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Fig. 2.2 Classification of crystal defects
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Fig. 2.3 Definition of dislocation density
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Fig. 2.4 Crystal structure around dislocation

Fig. 2.5 Net burgers vector due to slip
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Fig. 2.6 A local coordinate system and crystal bases
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Fig. 2.7 Two adjacent dislocations in Burgers circuits
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Fig. 4.2 Growth of dislocation loop generated from Frank-Read source
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Grain with extremely low dislocation density 7

Fig. 4.3 Grains with extremely low dislocation density
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O000OLiders0 000000000000 O0D0DOODODODOOOOOOOOOODO®Q
0000072300 0000000000000000000000000O0DODOO0O0O0O
00000000000 0000000000000000000000000000a0
0000000000000 00D0D000D0D000000DODO0O0D0DOOoOooooOaOg
0000000000000 0O0O0O0O00O0O0O0O0O0O0O0O0O0O0Oo0OoOooOooooOan
0000007240072100000 000000000000 OODODODODDOOO
0000000000000 D0O000D0D000DO00O0DO0O0O0DDO0OO0OODOOan
0000000000000 00000D0D0O0D0O0O000000o0an

160

120 (i) (ii) (iii)

Nominal stress [MPa]
I )
[e] [w]

0 2 4 6 8
Nominal strain [%]

Fig. 7.21 Enlarged view of nominal stress versus nominal strain curve of d = 0.66um in
Fig. 7.17



73 FCCOOO0O0CO0OO0ODOOOO0oO0OObOOobDOoooobo-boobooo0oan 105

-3
a
XX .
XXX Ep [Sfl]
SRR X
RSB RBBABBRSIKS
20020 XD
XXX 00NN
RS RODBBIIN 0
PROZIZ0Z0% <D

(1) U/L=1.4% (i) U/L=2.3% (1) U/L=3.1%

Fig. 7.22 Distributions of equivalent plastic strain rate in macroscopic specimen (Propa-
gation of Liiders band, d = 0.66pum)

(iv) U/L=4.5% (VYU/L=5.8% (V) U/L=7.2%

Fig. 7.23 Distributions of equivalent plastic strain rate in macroscopic specimen (Plastic
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Fig. 7.24 Distribution of equivalent plastic strain in macroscopic specimen (d = 0.66um,
U/L =7.2%)

0725000717000 0d=040um0000000000O00DO0DODO7200072500
oooopbagvyooooobbooooooobbbooooobobbooo72e00000
d=04umO00000Liderss0 0000000000 D0DODODODOOODOOOODOOOOO
oooobooobooboooboooboocboobooobooboobobooono72700 7250
oooboawmooooooooooooooooooooooooobooboooobbooooDo
ooooocoboooboooboobooboobooboboooboobooboooao
oooocoooboo

000000000000 000d=0400066012um0 00 FCCOODOODODOO0OO

300

d =0.40um

200 (ii1) (iv)

—_
S
(=

Nominal stress [MPa]

0 1 2 3 4
Nominal strain [%)]

Fig. 7.25 Enlarged view of nominal stress versus nominal strain curve of d = 0.40um in
Fig. 7.17



73 FCCOOO0O0CO0OO0ODOOOO0oO0OObOOobDOoooobo-boobooo0oan 107

w 1.5%107

s

(1) U/L=1.0% (i) U/L=1.8%

(1) U/L=2.5%

Fig. 7.26 Distributions of equivalent plastic strain rate in macroscopic specimen (Plastic
localization, d = 0.40um)

m0.15

W
0202050

SN “’A‘}j‘ii‘fx‘
XDDDIN IR

XXX

XX

'\

XX

XIXXIXRD

Fig. 7.27 Distribution of equivalent plastic strain in macroscopic specimen (Generation
of shear band, d = 0.40um, U/L = 3.4%)



108 7000000000 O0DO0-0000FEMOO

gooboooboooooboboooooboboooobobooboooooobooon
gbooooboooobooooboooobobooobobooboooooboooao
ooobooocboobooboobuooboobooboboboooboooboooboonn
goooooobooooboobooobobobobogobobbooDUobDooooobooOooao
oboourGMO OO0ODOO0OOODODOOOOCOO0ODOO0OO

0728000717000 0d=54um000000040%000000000000003
gbooobobooooboboooobobooooooboboobobooboobobaoao
000000000000 00D0D000000000O000D0O0OO000O0OaO0Od=0.400
gomO0 000 O0DO0OO0ODODODOOOOODOODOODODODOODODODODODODDODODOO
oooo7200072800000004000000000000000000000

O O o d

0000000000000 00O00D0O00D0O0DO00DO00O0O00ODOOooOooOn
0000000000000 O0O00D0D00O00O000O00000000000000000
0000000000000 0000000[0729)000000000000000
000000720 0000000000000000000000000O00000000
0000000000000 O0C0O0CTOO0O0O00O00O0O00DONONONO0ODONOOooaOn
000000000000 D000000400CT0O0O000000O000000000
0000000000000 000000 ®dngrm00 0000000000
0000000000000 0000000O000O0000000NONO00OoOOooODOnO
0000000000000 000000000000d=54um0O0000CTO0O0DOO
0000000000000 D0000000O0000000000000000000
0000000000000 000000000000000000000000000
0000000000000 00000000000000000000000000
CTOODDODODODOODODODODOOODDODOOOODODODOOODONOOOOOOoOoan
0000000000000 0O0000000000000000000000000

0000000000000 000000D0O0CTOOOODOO0OO0OO0DD40000001
0000000080000 09Y000002000000000000000000D0
OO0OoooououMesooppoooo00000000000e330000000000

40 —
E d=5.4um
= 30 K"’
o
£ 20
=
£
g 10
o
Z
0 0 10 20 30 40

Nominal strain [%]

Fig. 7.28 Enlarged view of nominal stress versus nominal strain curve of 4 = 5.4um in
Fig. 7.17



74 000000000000 O0O0O0O000AO0 109

0.60
-3 .
g 15%10 N
PN
XXX . =P
XU g7[s™] &
0000
0 0.20
(( 0
(a) Equivalent plastic strain rate (b) Equivalent plastic strain
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Fig. 7.31 Load versus elongation curves with different types of elements
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Fig. 7.32 Distributions of equivalent plastic strain rate for each type of element
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Fig. 7.37 Load versus elongation curves with fine mesh (QD8R)
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Table 7.4 Initial mean grain size and initial dislocation density

Type of material Initial mean grain size [um] | Initial dislocation density [um™2]
As-severly deformed UFGM 0.27 1.8 x 103
Annealed fine-grained metal 0.40 60
0.66 36
1.2 12
Usual grain size metal 10 6.0

Table 7.5 Size of unit cell

dlum] | w[pm]
027 | 12
040 | 18
066 | 29
1.2 53
10 44
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Fig. 7.40 Nominal stress versus nominal strain curves of UFGM, annealed fine-grained
metal and usual grain size metal
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Fig. 7.41 Enlarged view of nominal stress versus nominal strain curves in Fig. 7.40 in low
strain range
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Fig. 7.43 Yielding grains in unit cells
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Fig. 7.46 Distributions of total slip rate in unit cells located at sampling points I, II and
III in Fig. 7.45 (d = 10pum)
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in Fig. 7.47(a) (d = 10um, U/L = 43%)
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Fig. 7.48 Enlarged view of nominal stress versus nominal strain curve of 4 = 1.2um in
Fig. 7.40 when elongation percentage is below 10%
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Fig. 7.49 Distributions of equivalent plastic strain rate in specimen corresponding to (i)-
(iv) in Fig. 7.48 (Propagation of Liiders band, d = 1.2um)
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Fig. 7.50 Distributions of total slip rate in unit cells located at sampling points I, I and
III in Fig. 7.49 (d = 1.2um)
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Fig. 7.51 Enlarged view of nominal stress versus nominal strain curve of 4 = 1.2um in
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Fig. 7.52 Distributions of equivalent plastic strain rate and equivalent plastic strain in
specimen (Plastic localization and generation of shear band, d = 1.2um)
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Fig. 7.54 Distributions of equivalent plastic strain rate and equivalent plastic strain in
specimen (Propagation of Liiders band and plastic localization, d = 0.66pum)
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Fig. 7.56 Distributions of equivalent plastic strain rate and equivalent plastic strain in
specimen (Plastic localization, d = 0.40um)
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Fig. 7.57 Distributions of total slip, crystal orientation and total GN dislocation density in
unit cells located at sampling points I, IT and III in Fig. 7.56(b) (d = 0.40um, U/L = 3.3%)
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specimen (d = 0.27um)
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Fig. 7.60 Distributions of total slip, crystal orientation and total GN dislocation density in
unit cells located at sampling points I, IT and III in Fig. 7.59(b) (d = 0.27um, U/L = 6.6%)
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Fig. A.3 Release of dislocation loop from Frank-Read source
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Fig. A.5 Propagation of Liiders bands
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Fig. A.7 Cross slip of screw dislocation
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Fig. C.1 Transformation of local coordinate system
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Table D.1 The interaction matrix Q,; for slip system {111}, (110)

A2 A3 A6 B2 B4 B5 C1I (3 C5 Dl D4 D6
A2 | SH Copl Copl Coli GJ G] HL @GJ LC HL LC GJ
A3 SH Copl GJ HL LC @GJ Col GJ LC HL GJ
A6 SH G] Coli HL LC aJ HL GJ GJ  Coli
B2 SH Copl Copl HL LC GJ HL GJ LC
B4 SH Copl LC HL GJ G] Coli GJ
B5 SH GI GJ Col LC GJ HL
Cl SH Copl Copl Coli GJ GJ
C3 SH Copl GJ HL  Coli
C5 Symmetric SH GJ LC HL
Dl SH Copl Copl
D4 SH Copl
D6 SH
SH : Self hardening (ap) HL Hirth Lock system (a;)
Copl : Coplanar system (a;) GJ Glissile jog formation (a)
Coli : Colinear system (a;) LC Lomer-Cottrell lock formation (a3)

Table D.2 Dislocation interactions for B4 slip system

Slip system Plane Direction Dislocation interaction
A2 a1 [011] Glissile jog
A3 (111) [101] Hirth lock system
A6 (111) [110] Lomer-Cottrell lock formation
B2 (111) [011] Coplanar system
B4 (111) [101] Self hardening
BS5 (111) [110] Coplanar system
Cl (111) [011] Lomer-Cottrell lock formation
C3 (111) [101] Hirth lock system
C5 (111) [110] Glissile jog
D1 (111) [011] Glissile jog
D4 (111) [101] Colinear system
D6 (111) [110] Glissile jog

000000000000 00000O0D0D0O0O0D0O0O00a0
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(a) Glissile jog formation (b) Glissile jog formation

A3

(c) Hirth lock system (d) Hirth lock system

A6

(e) Kink formation (f) Lomer-Cottrel lock formation

Fig. D.4 Dislocation interactions
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Fig. D.5 Debris and trail from jog
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Lomer-Cottrell
lock formation

Fig. D.6 Lomer-Cottrell lock formation
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Fig. F.3 Distributions of equivalent plastic strain rate (effect of distribution of macro-
scopic integration points)
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Fig. F.4 Nominal stress versus nominal strain curves (effect of fineness of mesh)
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Fig. F.5 Distributions of equivalent plastic strain rate (effect of fineness of mesh)
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(a) 10 X 40 = 400 elements (c) 20 X 80 = 1600 elements
Fig. F.6 Distributions of equivalent plastic strain
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Fig. F.7 Distributions of slip in unit cells located at sampling points I-VI in Fig. F.6
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