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A New Tangent Stiffness for Anisotropic Elasto-Viscoplastic
Analysis of Polycrystalline Deformations

J. H. Yoon, H. Huh, Y. S. Lee

Abstract
The plastic deformation of polycrystalline materials is induced by changes of the microstructure when the loading is
beyond the critical state of stress. Constitutive models for the crystal plasticity have the common objective which relates

microscopic single crystals in the crystallographic texture to the macroscopic continuum point. In this paper, a new

consistent tangent stiffness for the anisotropic elasto-viscoplastic analysis of polycrystalline deformation is developed,

which can be used in the finite element analysis for the slip-dominated large deformation of polycrystalline materials. In

order to calculate the consistent tangent stiffness, the state function is defined based on the consistency condition between

the elastic and plastic stress. The rate of shearing increment( Ay* ) is calculated with satisfying the consistency condition.
*

The consistency condition becomes zero when the trial resolved shear stress(7” ) becomes resolved shear stress( 7% ) at
every step. Iterative method is utilized to calculate the rate of shearing increment based on the implicit backward Euler
method. The consistent tangent stiffness can be formulated by differentiating the rate of shearing increment with total

strain increment after the instant rate of shearing increment converges. The proposed tangent stiffness is applied to the
ABAQUS/Standard by implementing in the ABAQUS/UMAT.
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Fig. 1 Kinematics of the single crystal deformation
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Fig. 2 Incremental strain change

B d7le 2159 (1605 WYt 217 AfC

- 351 -

E FASS o9 A E A3l Ayt
A8 S5 9= A 0,0l S Fig. 20
A A" dAE gttt Implicit backward Euler
e ol dlay,,”)e AReA o) 4
(198 Zo| T WA AW WHFEE FEE
guel=stA ek A29e d(ay, , )o FAR
sgaART Hobd A$ FH&A In o

s
o

oxl X

=
s 221), (22) & 2o A
4@23)E AYstn olg Hed
oz 2¥HE duolEsE d#ud A

9l 245 AT & 9l o

)
L
uu)
n
of
i
IB
of)
Az
o
)
olo
of
2
>,
tlo
o ot Ob ox {0

20 N Do o @ b pok R

2
2
M o2 oMy

Ac=C°: A" -C° I[ZA}'GP“) (21
a=1

* bl d
Cep — Ce _ Ce . A ﬂPﬁ (22)
w2

A=1
sy’ (o ) (o \_(_ oY (pr:c) @3
oAg' | oAy® OAg’ ony? '
C? =Ct-C*: (~ or” _I(P”’:C”)P’? 2
=1\ a=l aA?’ﬁ (24)

a N\
=c€—c%{ (— il ] (P :C")P"]
a=| aA;V




Total strain increment As=Ag +ag?
fo =1, ngrai

E(Ay'f { tolerance
= piaet o0 = ¢ ae’)
A

o
% = san(Ay%) -+ I
ar )

‘Updata thé TR 20 = a0 -5 A P
. z

e o ¥ ) . » ey
Updte the for Bggregates [RasdPYeled (;[f%] @ C’)P']
\=

Uipdate the " Tor sggregas P ayeadir s
=w-wh R,
CEI=CO-R®)

Fig. 3 Flowchart for stress update algorithm
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