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Development of dislocation-density based crystal plasticity model for predicting
the anisotropy in rolled sheet

Yoshida, Kengo

3,400,000

A dislocation density-based crystal plasticity model was used to predict the
plastic anisotropy in aluminum alloy sheets. The crystal plasticity model was implemented into a
commercial finite element software, and the cup drawing process was simulated. The equivalent
strength of the dislocation interaction coefficients resulted in the predictions that agree with the
experimental results. A procedure to modify the crystal orientations was proposed in order to
improve the prediction accuracy further. These results were in good agreement with the experimental
data and are better than the predictions based on a conventional macroscopic theory of plasticity.



15° 7

R
15° 7
T4 O
2 Fy:F =41,21,43,1:1,34,12,1.4 7
X
40
(@) Um
(e . N T
7 =7o8on(z! ))F (D
g p@ K ocks-Mecking

a Q, (o 1 ZBaﬁp(ﬁ) a la

9 =1, +au /zAﬂp(ﬁ), p():B[ ” —k,p@ [y )
AP B¥ a B

Marc



Al-Mg-Si T4 o)

X
{111} 1 1
T4
RD 44
56 4.1
r‘ ig 38
45 gg
‘ 4.1 29
\ o 27
a k
19 15
15 o 12
™ Min=0.249 Min=0.329
(a) Max=5.870 (b) Max=4.612
1 {111} QT4 (b)O
T4 &l R
2 0
600
R 45°
(@] 45° R 45°
T4 (@] R
1.06 T T 0.9 T
Tat & T4 temper
4 1oaf | TtEmpE o 0002 08
5102 T o
—a—0.15
é 100 v 02 |]
E 0.98 8 ~ /
© Y
£ oo P \L\ Z
<o —— .\\../
0.92
15 30 45 60 75 0 30 45 60 75 90
@ al’] (b) ql°]
2 T4 (@ , (R
B 0 1 T4
AP =1 T4-1
T4-2 3 T4-1
0.1 T4-2
T4-3,T4-4 T4-1
T4 (@]
R T4 (e

4 T4 R T4l T44

T4 T4-1



@

T
Mode T4-1

—o— 0.002]]
—=—0.05
—e—01 H

—a—0.15

=
o
>

T
Model T4-2

g

—o—0.002

—=—0.05
—e—0.1

=
Q
[N

—4—0.15
—v—0.2

[
=)
=]

o
©
<]

o
©
=]

Normalized flow stress
o
8

o
®

o
©
>

Normalized flow stress

o
Q
N

15

1/4

T4-1 45°

Newton

Newton

o0[°]

(@) T4-1

0 45 6
ql]
, (b) T4-2

1.0
nl T4 temper

A

e

0.8

0.7

0.6

05 9=01

04H—0—Ta1

—o— T4-2,
03[l 4 143
0.2 H—v—T4-

15

R

(@)

75

1.25mm
T4-1

D

1]

lll',

it
1]
i)

17
'llll

/]
|
iy
177
i
74

]
iy

177
ll',"’
4/

LT
l”lll

[]
HHI
'l',,' ,"’l
20
iy
il
7

00000
',;'

ay
sl
2

1
)
1]
oy
47
il
5

1]
7
02000

%
55

gy,
L
R
oo to 00y
SRR 9y
002000050
L
555
%%
%

l',
%
'&"

l""
5

2gq
17
2

%

0
5%,
9%
0

2,
o
20

Z
oy
o

77

e
A
L

o

o,
%%
6%

29,

S

5%,
550%

o
0%,

2
ool

27

o

o5
SISO
CERIXS
SRS
S
ojssis

%
K
2
o003
9%
0509

R
S

.

5
oV
‘0

XX
X
o

%8
5
2
KL
X
%5
IR
%
o3
oS

0

0

5
&

53
<5

77
Y1l

%
l/,',li

%

2%
2%,
549

%

5
S5
S5
S

%

X
'QII
=
Z

%
el
syt
SR
S

Cube

astiyguitth

i\
passit!
T

RD

(b)

75




Y1d2004

Cup height [mm]

27

26

25

24

23

22

21

20

45°

Experiment
o

e

Y 1d2004 P E{
\M" Modified texture

Exp. texture

60 75 90

0> 90°

45°



Yoshida, K., Yamazaki, Y., Nakanishi, H

11

Experiments and Crystal Plasticity Simulations on Plastic Anisotropy of Naturally Aged and 2021

Annealed Al-Mg-Si Alloy Sheets

Metals 1979
DOl

10.3390/met11121979

72

2021

71

2020

Al-Mg-Si

71

2020




70

2019




