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Computer Simulation of Hemispherical Sheet Forming Process
Using Crystal Plasticity
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Abstract
The hardening and the constitutive equation based on the crystal plasticity are introduced for the numerical simulation

of hemispherical sheet metal forming. For calculating the deformation and the stress of the crystal, Taylor's model of the

crystalline aggregate is employed. The hardening is evaluated by using the Taylor factor, the critical resolved shear stress

of the slip system, and the sum of the crystallographic shears. During the hemispherical forming process, the texture of the

sheet metal is evolved by the plastic deformation of the crystal. By calculating the Euler angles of the BCC sheet, the

texture evolution of the sheet is traced during the forming process. Deformation texture of the BCC sheet is represented by

using the pole figure. The comparison of the strain distribution and punch force in the hemispherical forming process

between the prediction using crystal plasticity and experiment shows the verification of the crystal plasticity-based

formulation and the accuracy of the hardening and constitutive equation obtained from the crystal plasticity.

Key Words : Crystal Plasticity, Texture Evolution, Sheet Metal Forming, Work Hardening, Homogenization Method,

Taylor Factor

1. M & EE = A¢x4e 724 29 ATz A=
o BAo 2 4L vixzz utd J¥ITA
HZ AFH S871e9 AR FAIHAHY AR 2 A4 4L YA E vAE A5 A
o ML=, HALYFTAHe] B2 FYo] CAE I & msfop i)
Ha ok asy g9 AL S5 53¢ aey 2AHARY] WY $¥ plojag &
HYAFE 2] ol Ax 2 AT 4 Adel WA FEHEtEe A& 2A|doln=z
H}A Fol HA3E o} FE ZTE AE e F&ulge] RE S3lgsd AAHY] JRE A
o Fo] o} weks AA FHH dFE 74 A8t AArZThE HMAPRARS] AR &) ol
e AT e 9w AYTAHY AUMEAE H 5] 29 AFAME o e FHEI] 9
3 F4o Ay BEA 7jxd AH 2A¢ 3 FAI}He Z=Qiste] HWEHAAY HUEAES
o] L 2AoESE T YU 83t JTH13].
E-2o F&L thaAes F& wge] A4 Gottstein 5[2]<> Taylor 2H& AH&3t &5
PATHLE AXNEAN ZAHYEY AFA B A% M2 7T As 2dL A ssith. Gambin

1. egde v
# 2OAR : den A A B,
E-mail: ytkeum@hanyang.ac.kr

3

276 B3 AM 71885 x| /M 16H M4F, 20074



r R
otk
(]
Ip
b1
=
fo
I
ok
X,

ok
N,
ot
PN
N,
i
el
e go

o ta 1l
i)
oY,
o
38
1

1

. Hosford[4] &
I £Y¥A 2
Adedoh. o
0o 35e 2
. Nakamachi 5[5]
tel HEl =AY

4 [0

2 fu

QL {

¥ 15‘
L

LR

jiea)

ok

N

®

o
ofo
S
X

N,

of
N
»

Taylor 9
!

fo
ol
s
fu
-z
g,
o
e
5]
I
o
off T
o
o

fz

o '48)]
¥Q i
F

[y
fincd

=Y
i)
ok
i)

o = X
ob
32
o}é,._ﬂl

2 rle
ol
>
>
il

ir

=~ Hd

JE-’%

r —

§ rir
oft (H T
2 )

w

oL o>

oﬂ‘.‘._@

i

ol

N
=g I
o B
ol 1o
Mz o

U TR Ay A Ot

lo
m,
ok
N
M
o
1]
¢

o

4 T a9 o
e

2 4
H
e

_orh
o
rok
+

=2

s9Aage AT WYE
5710l Ao st=yzolm tg A 2o

s gf(y«)—gfv .
o012

— . @)
2.7 )-g

*

A71M, ©,, g, & = A8 AFE oz, y o
g & 0e gol A9 W

7 =20

N

&)

Lr o

s

B3] Ad-8H(critical resolved shear stress) 7° -2
2R s dAPYANAY aHBA L
T3t g #o] TEh

s =tr(Po) (5)

7] P° & Schmid €A [1]9] FFolx, o
= AAFAAY AR cHelT.

2.2 Taylor BH
A4Y AEANA s WA AARe BAF &
4 REE & ¢ o o
&, = (m +m)y° (6)
Ay

714 m; & Schmid WAjolth
Taylor [8]2 AAYH HFAE 7=
do A4 Wy o] AXAH A4 HE

s

7 =
3 g
9 o

Jl’)‘ ﬂa ol

=
=
il

I 7HAEGT o] HAEE HAAHAY
£ BAIE
¢ =E, @)
A7X E, & AAE A4 BEE £xolth
B AEEA uH
ghgke] AWy e AAY A 2AAWEY
S 25, olAE Z+ AAH wvsE 7}
A2t 24¥8E A9 Sx7d A L= os
I 2 9]
L =¢+o, ®)
A714 £, = WHE S5 "W X(strain rate tensor)©]
A o, = - WAEpin tensonolth A €A
@, = & Zr10]

@, = ,3] +Q, ®
A714 B, = &4 A @A (plastic spin tensor)®]
A, Q. = AR A d@X(attice rotation tensor)©]

=23 eE X/ 168 M4F, 2007H/277



o
ol

oo 24 83 WAE e 2y

'Ba‘:z

N

(m; —m3)y* (10)

o | —

2480 1YY T Nze ABY P9

Q.

Tk Q(WMM1*M ﬁﬂﬁfiﬂ

o 2 9l Hga Eﬂﬂﬂﬁw1q
T Ao Ak 22 g4 M E ge
sted Z A ¥ ode ZoRRH

245 72 F A0l

¥ o

=(Q,,sing, +Q, cose,)/sin®
®=Q, cosp, —Q, sing,

= le

(an

@, - @, cosd

oft ol
=2
oo

i

91

2 do
e
fo
k>

ol
ol
o
2
AE
£33
ox

ot n:
L
N,
o o
i,
I

L.

Y
B o

N
tlo

!

o 2
ol

-
o

+ &

N
o ot (% T R

2
o
4o
i
K
]
B
fueil
_(.;»L

Ir

w 2t o N ok
2
e
ol
il
il
>
ofp
ol
38
ar

LRI g RS 4

1

—_

17k Al

—

unge

2.4 71583t
2439 ANAQ S
SHA 2" NFAEE
ZHA Taylor [8]& Z+
t7} 5% 2o

Hosford [12]+= 54
=5t 2142k

At

2ol 7 B

oc=Mr=M""Kg"

AZIN K & AR BmASeli, n

87 4ol .

2.5 HE3H
u, & HAE o]l

-
;s

[13].

278 [et=2 M3 X/M 167 M43, 20074

il
of
Bt

AzhE g &
o Rl gt

o714 J, = AFn|gtelx
A9l vAl-EHot), unit cell
/\‘,] }‘U]-Z- }\1(]9)9}_ g_:]-o]
Asstel #4389 o

=
=

(19

I
i

-N'o

=",

: |

PZ
Fig. 1 Unit cell under biaxial tension for micro-scale

simulation

21 (16) A At
I o B

A4 FaB



24 248 08T

ol

hd)

LfﬁUdA+J:f6UdA [ aﬁ—UdV (20)

A7 x & ANE #Eelm, f,& 7
Tl R WA Apolol 2gE g Foln, £, ¥
& 9ol Agete Aol 4 2
3} tho] % BAL WESE wHo]

gho] AHget WAl Fig2 & AR 4ol
FABEL A8F FHas DARAY A A
49 et

2]
Korr
o
o
fr
O)J

_1

L

7Hﬂ HAAEHY 6007 845 ZE 1497 2dE

3t} fetehe FFzE BAS %9 Keum

Sl14101 93 883 32449 &4

ﬂt} LS9 HEAHYG JAF=A
2 gt HARANA T £9E 10kN,

op & A4 0.144, THE] 7] FA 0.7mm 7} AME

H ATk

u

Crystal Homogenization FEM
modeling Methed

Crystal lattice Unit cell Solid element Sheet metal

Crystal level Micro - level Macro - level
Fig. 2 Concept of the multi-scale simulation based on

crystal plasticity

R=1.9 Die

A

Blank Holder

|
]
|
|

100.8

Unit - mm

Fig. 3 Section view of the tooling for hemispherical
forming precesses.

F AYETA ANEAL

3.2 MR AE T}

Fig.s & A o] FA27} 20mm <
e x £ W asdA Fe FHYEE
¥o|th, AA AAQTFL o] LF AT} A3
A7y v 2 dAska gloh

Fig. 6 & ¥X|7} 20mm 714 o] &% o dRA

e

o R
&

oA T3 HBAH WstE HE 5F 19} M]3
ok A¥ETE Fo BAE £xe sMAFe}
AY SAA B 10% oW A5 e

th AN EAAIE A SAARY F FA CGF
Helou vjuwd & e‘ Astn e Be Fr
Fig. 7& W7 A8 3A Fo AXolzAg ] u}
& H3¥E EEE e Aotk IReA A
ol E A8t 15mm °]FY ?1.7‘]—4 FAT9
FEol HAEF AA E4 $A YEue @

R hye. )

Node : 1291
Element : 600

SymmetricH

Syl.n‘rnélric o
Fig. 4 FEM mesh of the sheet used in the simulation
of hemispherical forming processes

40 -
u Crystal Plasticity
a Experiment

30
g
[=
s anlp .
Z20 - p0aa

[N}

5 ae
2 a,
= o

10 a

. A
HATALA
A
[] -
| I L relLl)
0 n
- - s oo - S N

0 10 20 30 40 50 60 70 8 S0 100
Distance from the pole (mm)
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