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Prediction of Deformation Texture in BCC Metals based on
Rate-dependent Crystal Plasticity Finite Element Analysis
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Abstract

In the current study, a rate-dependent crystal plasticity finite element method (CPFEM) was used to simulate flow stress
behavior and texture evolution of a body-centered cubic (BCC) crystalline material during plastic deformation at room
temperature. To account for crystallographic slip and rotation, a rate-dependent crystal constitutive law with a hardening
model was incorporated into an in-house finite element program, CAMPform3D. Microstructural heterogeneity and
anisotropy were handled by assigning a crystallographic orientation to each integration point of the element and determining
the stiffness matrix of the individual crystal. Uniaxial tensile tests of single crystals with different crystallographic
orientations were simulated to determine the material parameters in the hardening model. The texture evolution during four
different deformation modes - uniaxial tension, uniaxial compression, channel die compression, and simple shear deformation
- was investigated based on the comparison with experimental data available in the literature.

Key Words: Crystal Plasticity, Finite Element Method, Texture, Microstructure, BCC Metal

.M E
A7 Ao AAge A 247 AeE
x3ete, Az o wE mAlxHe Wiks
gkekAl ek o], 2AE sk 2™ A
71 2 A9 2 wskeh A ARSI 44T
Wdom wigsuA AR d HdxAol T
S

o

L @A Sy Al

2. KAIST 7] A& 38t okl

3. Iulthetal 7] A& 8k}, E-mail: yslee@kookmin.ac.kr

# Corresponding Author: KIMM Office of the President, KAIST CAMP
Laboratory, Mechanical Engineering Dept., E-mail: ytim@Kkaist.ac.kr

[es

SpAel RS Tlure] feaslel F2 A8
of gtk spAIRE, ol g WS FEFo AlFE
A4 glal we ol Agel FukEm, Al
W B XA oR dAste Jx e uwd ¢
sl At Al AFE dS5ste dl o] dAE
Btk HZell= olo] tigh tijto g ALY o] &
S =93 AAHAA 32 A (crystal plasticity finite

element method, CPFEM)S- ©]&3fA AAIWE
waeles JEgx4S d5ekal 4]
Ay oAl M= FEFE olslisty] AT AT

5] o] oA YITH1-4]

<

QR LESE
3

S b



1

o
=

SIS

VS
A

7}

o %

7NEe ATF[1-3]E F= EHA

232

S T® M I P DIy S EEES s W < wm !
G Yoo T 2
£3 I ‘2 w T3 - by
3 r S
o N 3o i ) % W wp
—~ .~ 0
S S ReELT g ™ T¥ il do T
S o ”EI\ o = B 4 ol Njo _od_ HM g T o T
+ 2o 21k WO sy W 3 - %O
0 = 10 ar | 3 oF K
5 T o oo iy o W = S a
N B g X oo o c olo - e O ~ — © i\
; o g TR S B nEOR 2 o o 9 W
= o 2o s , s oo — N wp Mo ) o v o]
W ;= ® W E = < < ® =) e Mo 2
5 g B S A ™o S g 8 T Gl | =
= N IO N o 2 T O PM = I < o
N R S [ N TR T S NG I Wl =07 I o R
® g - N — 5 W (8 i ,Ui;o n « - s
s c = o ™~ N o = ™ e A B o< I = ~
O TR o A o = o e & M _ R o
N amﬂulmﬂé. NjJ o) oo ar " o an%,a X = =) X
T @.Megmﬂ 2 W oﬂoﬂh ) w9 W = N
I o X oy W oy ok o wm W S2 =~ % 4
5 = Ew Y iR R © i N N T o
B2 o T B E b R T H LR
T W ST = I T B F AR ~ dp ) o
RN B o o7 B ~ = 7 o T < dp
TONHNETETR BFRNPFTPEDLN Hrod BT o WdoRB s T ooy
Sk RPN —F g @R T T W ENNE e R o T g
S PN < T RO % B0 o § B ook R SR
3 0 oE b ﬂ i oF ™ RO i T o) ™ el 3 E Wy B2 o Q ~m o Gl Ay B Gl Po
srplE gl wouws " T FT TN aBERE s oy 0N
E5®E W PUpRENTANTN Begeo 8T T FTTE Ly g P
~ K ) il _.,_I X o LA— = 8o 0 2y !
Femi T ﬁ_M%;Mi%W%V% mﬁ,%gmmﬂo%%ﬂmogﬂﬂomﬁaiﬁw
o~ —_ ~. — f = = AL )
SUT LN RS TXa. HEER TeaIng wpdTibeco ol
<R o T WO SOy mo BN T KR B ~ <o B o — oo < o H
8 o mm MWW RT ook T LA s MR T, T 2w g N
o ooy 2R T N wEm o 2 m o= S oo o B < T W
A DNNCTE = m ﬁﬂﬁa it Mﬂr B oo s BT ool SRS o R X _dnﬂﬂoi K o0 X0
o N _ o T oar - mﬁ% TR g o E e B N -~ oo N <
- R L B RgDoog®™w D FTEmaao® M ®
Ml g BN REE - E ey ™ Wy En_, TrET @
A R G =R Tl wmgpgrt epModTZzXTE W o @
_ i = W T X RORO o S E Ry X A
Mﬁ?ﬂ_’ﬂ@ Wuﬂq_ou ﬁemﬂﬁeWﬂLﬂuT Mﬂoﬂﬁf;@iﬁeﬁaﬂﬁ?ﬂnaw]uhoum*wo Muo_uzhi .
mwmoii@r_we%u..ﬂﬁﬂﬁmcRﬁr%ﬂ&ﬁ%ﬂ&rﬂm@ﬂrﬂo_ﬂﬂo% S Nrodo X B
ﬁeoL_ﬂmuAﬂ]fauiﬁfoimﬂiiaﬂwﬂ Pt w s T m T E o
L.LH Mo o i o o X2 ﬁooqﬂtoWL o] oy KO W o =
+ 5 o om N o= b = o T N = ™ o <0 1 = O o AN . 0 T o 9T
SOF VMG U T FRTETLR B B ORFN o QRN o B TR
R T PElhys i LFOT BRI Wy
g ERL AT RTSENERD AT AT W CIC R A
FEERTE LD TATMRIFTRRNY N TERAMTIDEVRTA DB RE "
FEWMT BT FToRTRFRPNMINK FTAJUHLBH BT AFTIWE U~

4 (el Ae] el

o]
=

TR A @9 3=

J

8

ARow AT, o] wel £ U WAE Aho]o|

?_

o

4

&
Ll

Aol A 9]

T

2 HETaEA (L)



233

14

0.1

Table 1 Parameters fitted for uniaxial tension of Fe single crystals

h, [MPa]

140

7, [MPa]

80

7, [MPa]

20

0.05

7o [s7]

0.001

3. 24

{112} <111> {123} <111>

{110} <111>

Fig. 1 Slip systems of BCC crystalline materials
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Fig. 2 (a) FE mesh and boundary condition applied for
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Fig. 3 Fitted stress-strain curves obtained by CPFE
analysis for Fe single crystals with the tensile

axes parallel to (a) [001] and (b) [011]
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Fig. 4 Initial orientation distribution represented by
1000 different crystals in terms of equal area
pole figure
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uniaxial compression, (¢) channel die

compression, and (d) simple shear
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Fig. 6 Equal area pole figures obtained by (a) the CPFE
analysis of uniaxial tension (e=0.5) of BCC
material and (b) the experiment of uniaxial
compression (e=0.5) of FCC material [13]
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Fig. 7 Equal area pole figures obtained by (a) the CPFE
analysis of uniaxial compression (e=0.5) of BCC
material and (b) the experiment of uniaxial
tension (e=0.5) of FCC material [13]
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Fig. 9 Equal area pole figures obtained by (a) the CPFE
analysis of simple shear (y=124) of BCC
material and (b) the experiment of torsion
(y=1.24) of BCC material [15]
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