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Local and Polycrystalline Textures in BCC Metals ; Their Evolution and Effect on
Mechanical Respons e

J .F. Bingert, B .L. Henrie, C.M. Cady, G.T. Gray 111, and P.J. Maudlin
Los Alamos National Laboratory

Los Alamos, NM 8754 5

ABSTRACT

Texture development in BCC metals follows from the active deformation mechanisms
and imposed strain path . Tensile, compressive, plane strain, and shear deformation
induce different crystal rotations and thus resultant textures at both the macroscale and
mesoscale. This work investigates the interaction of texture and bulk plasticity with
regards to constitutive behavior, strain localization, and damage initiation in BCC metals .
Tantalum and low-carbon steel were analyzed by electron backscatter diffraction to
determine the crystallographic mesostructure, while mechanical testing was performed
over a range of strain rates and temperatures . Polycrystal plasticity modeling was used
to predict texture evolution for a suite of strain paths and to calculate multi-dimensional
yield surfaces . The calculated yield surfaces were then applied to estimate texture effects
on mechanical properties . Measuring the plastic anisotropy associated with experimental
compression samples enabled validation of these simulations . The impact of relative slip
system activity on anisotropic plasticity will also be explored .
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Introductio n

• Pure Transition Metals tw. Alloys

Deformation Textures t(Imposed Dcfoi-niahoil Gradient)

Annealing Textures

• Recovery

• Recrystalli7atiu n

• Texture Evolution

• Quantitative Texture Analysi s

• Property Modeling and Prediction

• Through-Thickness Heterogeneitie s
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Transfer of Single Crystal Properties to Polycrysta l
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Basis for Bunge Euler Angle Orientation Descriptio n
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bcc Texture Rules of Thum b

• Tension -s- <I 10>

• Comp ression -,P- <111>+<001 >

• <001 > soft directio n

• < 11 1 ' a n d < 1 1O> hard direction s
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• < 1 10> texture suggests orthotropic symmetry at first
glance, but not upon further inspection

• Calculated Pi-plane of yield surface predicts near-isotropy

• Tay lor cylinder resu lt surprise : rectangular ioutprint(! )
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Ta Rod : Fi na l Tay lor Spec im e n Shapes ( 1 39 m/s)
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Ta Rod Texture

Recalculat ed Pole Figures
Rod Axis Normal ,

(~~~~~ ) Faces of
llhl f' 1. 111!! CC

00

t 11 001 011 5 . bb

711,

a . se

_ r I I 4 .00

n t1.
J r. oe

.
- ~ 1

I H

<T i u >

110 > N i

{ 11 0}< 1111 >
Component :

titrnn (_,cr

V►vi7 'y44,

. O0I -

1 10 • No rn , a I

~\1 1 1 11}<p11 1 = .
Component :

Weaker
Idealized {001}
Pole Figures

• Los Alamos

The WI If i c) } U i . 11 ~c . . ~ iii• Pr It, . t ii~ q Ai, . efii d

Orthotropic Yield Surface Calculation : Inaccurate Simulation
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• He terogeneou s texture
• Effe ct of highly as pected grai n morphology
• Yield su rface doe s n o t captu re impo rtant i nteractive terms
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Measured Texture Evolution for Ta Rod
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Mi s orientation Profiles
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• <001> grains evolve through gradual and cumulative misorientation changes .

• <111> grains evolve through small- and high-angle bounciory networks.
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Suggested Texture Evolution with Imposed Rotatio n
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Ta Rod Taylor Cylinder Impact Inte rface : Predicted vs . Exptl .
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Chemistry and Mechanical Properties Simila r
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Quasi-Static Strain-to-Failure Tensile Testin g
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Ta Pl ate IP Q S RT Tens ile Textu res as f( P osit ion )
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Oscillatory Anisotropy in Ta UF Bar Taylor Sample

1,

,Min or Major
• r-value decreases toward impact interface unt il direction of major and

minor axes reverse.
• Does plasticity modeling predict this? . . . . . . . .
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VPSC from EPIC deformation paths - UF Bar Ta
M aj or Axis
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• Plasticity simulation suggests little texture evolution .
• Monoton ic r - value with strain predicted . L os A I
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• Heterogeneous microstructure due to radial banding in
upset forted blank.

• Plastic anisotropy so large in r-8 plane that <1 10>
develops in originally soft direction of major axis due to
straining in that direction .

Results in transition of relative anisotropy to orthogonal

axis .

0 Plastic instability .
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Tantalum Plate Through-Thickness Microstructural Heterogeneity
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Shear Bands / Flow Instabilitie s
- Classificatio n

• Brass type - low SFE, twinning

• Cu type -med . to high SFE

• Adiabati c

- Potential Factors (affect microband and clustering )

• Strain, rate, texture, temperature, GS. microstrUCtural heterogeneitie s

• Zcncr-Holloman

7. = t - exP(() ' RTn
Sharp trans ition corre l a ted -A/ onset of d y namic recovery

- Potential Mechanisms at Microstructural Scal e

• Slip asymmetry : activity of co-planar vs . co-directional slip

• Stress conc . at tips of microband groups

• Restricted glide on systems parallel to ►»icrobands

• Texture Softening
c!6_Af ,dzdMcO

cIF c!f' de

• Conditions that restrict dynamic recovery and equiaK~d su bgrains

• Los Alamos
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Material Instability

homogeneous deformation transitions into highly localized defomlation, often

in very thin ( 1 0 to 100 µm) planar bands . Inside the band, material is under
intense deviatoric strain (mostly shear) and will possibly develop small voids

or micro-cracks

Needed Conditions for Localization
r Ma teria l ins t ab ili ty

Space and time defect struct ure

Mechanisms of Material Softening
Therm a l softenin g: shock heating & plas ti c work

Damage (nuc lea tion , g r ow th of crac ks & voids) 6

Changes in micros tru ctures ( ph ase tran s iti on )

Sudden stra in - ra te drops (after shock passage)

Effects o f tex ture; o ther non -assoc ia ti ve effec t s

~~.

svil

T >O
Flardin~=
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Material Instability Theory

Constitutive Form : c16 = T : cIf

Total Stiffness: ~i - ~ : d : ~ )O L : q ) s
TP +31: P

Acoustic tensor : A = n . T - n

Bifurcation : net~,4 ) = ( )

1 ) Onset o f Locali za tio n

2) Orientation o f loca liza tion pl a n e
3 ) Straining jump direc tion

! Y A L7A

Elastic Anisotropy in bcc Metals

Nor m a l to Localization
~• n
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Bifurcation in the OF Bar & Plate Ta
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75 ram Cu-Nb multilayer rolled to Jeff = 1 05%

A . Misra, LAN L

L 41-

1 30 ram • r „

A

~- - 1

1 .5 µ m

aL VPAV rA & 1

• No ce ll structure.

• { 110 }N b//{ 111 }Cu // in te rface re la ti onship - preserved .

• Uniform reductio n
• Bifurcation (sausaging )

would be expected for composites

with different 6, and/or d6/dE
behavior deforming under bulk

plasticity .
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Nb/Cu Nano-Composite As-Deposited Texture

Cu

106 110
~, .

I32 .00I ~Fe e

00

.
00.

'

.
00. , .
00.~
~

001 0 11
0

Nb Z

Kurdjumov-Sachs OR

{111}Cu 1l {110}Nb 11 interface
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Symmetric Slip
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Pile-up behavior in micron-scale
materials :
• dislocation cell structure forms
• crysial spin induced by slip

texture evolution
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Anderso n, P . M . . B ingen , J . F ., M i sr a, A . ,
and H inh, J . P . .Acfa Mat . 51 (2003) 6059 - 6075 .

M isra A ., et al ., Ada Mat 52 (2004) 2387 - 2394 .

Single dis location s lip is symme tric, with a fine di s tribution
( h ence , negligible out -of-plane l att i ce rota tions)

De pos ition of d i sloca tion seg ments a t in terfaces
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Effect of Layer Thickness on Cu /Nb Composite Textures

As-Depos ited Bulk

Cu

Nb

pro""

4 m 2 um 75 n m

C►~ , ♦ _ •

• -
,tit

waoto
• Continuous transition from bulk to nano-scale behavior .

• Multilaycr texture development not inhibited from rotation by initial texture .

• Suggests full retention of as-deposited KS OR possible " ith*er layers .
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Rolling Texture Comparison in Cu/N b
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• Texture partitions to bulk and retained deposition components at nano-scale .

• Retained deposition component displays tendency for stable ode ) ntations .

Los Alamos

Y► SPA
Th e Wo r l d's Grea t est Suenc e P ro tecti ng America



Morphological and Crystallographic Texture

Radial

• Banded (ferrite- rarlitc) 0 .3C-I Mn-I Si steel round ba
r ~ 0 1 Tangentia l

• Process so as to superimpose uni,otropic effects of niorpholu,,iral handing and

texture on mechanical properties and damage initiation and -,ro\\th .
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Banded steel plastic anisotropy affected by both
1/~texture and morphology .

Preferential deformation parallel to ferrite
bands may dominate plastic ansiotropy .

D

RD = Rad ialBa r

II)ND

jwP

v,.

Los Alamo s

ThP WPtI[ I -r i :r-,t Amen ( a

E) Compression

l'A Radial

Band Spacin- -- dr ,:

CD

1 ~ aF , a
,.

e
n



Summary

• Ta Rod : Genera l ized yield surface needed to capture non-

orthotropic plastic anisotropy .

• Ta Plate and Rod : Mechanical response, both p lastic anisotropy

and loca l ization, sensitive to microstructure .

- Instability analysis potentially applicable to deterinine relative

resistance to strain localization .

• Nb/Cu Nano-composite : Interface-controlled plasticity results i n
non-Scliiid texture evolution .

• Banded Low-C Steel : Morphological texture (vs . crystallographic)
may dominate plastic anisotropy .
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