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Source of Anisotropy
* Deformation modes (Dislocation glide, Twinning)
* Microstructure (Grain structure, Dislocation structures, Second—phases, Solutes)

Dislocation structures
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. Stress Update
AG = CA&® = C(A&—AE")

 Consistency Condition 5(G.p)
®(c,e")=5(0)—p(e’)=0 a(8,)

« Stress-Strain Relation
p(e”) =k(g, +€")"

« Multi-Step Return Mapping

CI)o(Y(o) =0)= 6(6T) - p(gl’ll)) =0,

q)l(y(l)) _ 6(6T _ y(l)éerfh(l)) _ P(§: + Y(l)) — (I)l :> . Stable Convergence for
Large Step Increment

ch(Y(N)) = 6((AYT - Y(N)éelﬁ(N)) - p@: + V(N)) =0, =0
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Badic patoh tests for yieldfuriction and stréss integ

One element test Tensile bar test m
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MiniDie Cup Drawing - YLD2K4 MiniDie Cup Drawing - YLD2Ka
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Laring Profile (shell vs. solid): Y1d2004 Prediction for AL 501
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Earless target cup (?)

General cup shape after drawing
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Optimization
Technology

Current Technology

Direct Design Analysis code Experimental
Method (FEM) Trial
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erative brankesign using'inverse ivi e and 2 vSis-Code
Product Design ] 8%
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L : summation of element lengths in radial direction

L, : for mnitial geometry

L : for final geometry

L. : for target geometry

L,,: for modified initial geometry
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Mini Die Drawing m
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Polycrystal model based on | m
incremental deformation theory . * Grain Level Stress

. A A A N n . ALCOA
6=C(D-D,)=C(D-> 7°'P))
| * Slip System Level Stress  (5)

E Ti+At — Ti +At T
. where - o
1=6,:P, ©°=CP:D =CP,:(D-D")=
/ / CP,:(D-> 7P
bt o @
b / b 7 . * Hardening in Slip System Level
N A n . =g | sign(iY)
D=D°+D’=R'DR=(UU"), | (YJ

A AP NP A CaA Nonlinaer Equilibrium Equation
D° = Zy(s) 5(b(s)n(s) 4 n(s)b(s)) _ ZV(S)PS i

(s)

b(S) =R°b(s) and n(S) _ "(S)RT

(s) ES (Y(S)) = 1° Ti -0

t+At
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Shear Strain
Shear Strain
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Phenomenological models

e Anisotropic yield function

e Balance between accuracy and time-efficiency

* Mechanical test data or microstructure modeling results as input

Microstructural models

e Microstructure evolution

* Quantitative microstructure data needed as input
 Time-consuming in FE applications
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