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Abstract 


A single crystal plasticity theory for insertion into finite element simulation is formulated 

using sequential laminates to model subgrain dislocation structures. It is known that local 

models do not adequately account for latent hardening, as latent hardening is not only a 

material property, but a non-local property (e.g. grain size and shape) . The addition of the 

non-local energy from the formation of sUbgrain structure dislocation walls and the boundary 

layer misfits provide both latent and self hardening of crystal slip. Latent hardening occurs 

as the formation of new dislocation walls limit motion of new mobile dislocations thus 

hardening future slip systems. Self hardening is accomplished by evolution of the subgrain 

structure length scale. No multiple slip hardening terms are included. 

The substructure length scale is computed by minimizing the non-local energy. The 

minimization of the non-local energy is a competition between the dislocation wall and 

boundary layer energy. The non-local terms are also directly minimized within the sub­

grain model as they impact deformation response. The geometrical relationship between 

the dislocation walls and slip planes affecting dislocation mean free path is accounted for 

giving a first-order approximation to shape effects. A coplanar slip model is developed due 

to requirements when modeling the subgrain structure. This subgrain structure plasticity 

model is noteworthy as all material parameters are experimentally determined rather than 



VI 

fit. The model also has an inherit path dependency due to the formation of the subgrain 

structures. Validation is accomplished by comparison to single crystal tension experiments. 
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Fi!'. 7. ,3' Copper ,jll~1Ie crrSlal fali gued wilh \ensile axis (001). showin ;;l lab~Tilllh \Vall slnoelur. on (1 00) 
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labyrinlh dislocalion stnoclure Ac~cnnanll cl al. (1984) . Reprinted by permi s,ioll "f Publisher. 
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Tabl(' 2.1: FCC slip systems 

Systenl A2 A3 A6 B2 B4 B5 Cl C3 C5 Dl D4 D6 
s '" /2 ±[OIl] ±[lOl] ±[llO] ±[Cdl] ±(lOl] ±[llO] ±[Ol1) ±[101] ± [110] ±[Ol1] ±(101) ±[llO] 

(111 ) (111) (111) (111) (111) (111) (111) (lI1) (II 1) ( 111) (Ill) (111)"' ~ J3 
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Mean Free Path Shortening 


Whe'n dislocation walls form the mean free path
of dislocations ~ is shortened. 
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# path8 = dCl d:r = 271 AB 
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Dislocation Wall Energy 

As was derived by Aubrey and Ortiz using Orowan's relation, the 
effect of decreasing the mean free path increases the critically 
resolved shear stress of the material: 
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?. 0 0i Crystal direction ?F' 0 0'(aligned to tensile axis) 

0 0 fZ 

Top 

grip 
 ? ?0 . . 

? ?0 
? ? ? 

P 

Table -1.1: Copper l\lnwL'inl COlIstauL 
Constant. I Value II Ref. 

Bottom 
grip 

Elns tic C OII:'it. (Cll ) 161::i ,4 GPa IGlI711 
E ll'!. t ic C Ollst. (e12 ) 121.4 GPa [GH711 
Elas ti(' C Ofls t . ('44) 75.4 GPa [GH7l1 
Cri t . She'al' St. ress (r<' ) 1.0 :MPa IBar521 
Durger~ Vector (h'- ) 2..56 . 10-10 [11 IKAA 7fJ / 
Lill(' Tens.ion (T) 18.3 * 10 lO N IKAA 751 
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Results - Orientation 

Dependence 
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[1011 Slip Str31n DV Slip System 
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M. Oni:. E. A. R('P('lIo!Jo:m~11 oj :II~ .Ifedwni.s and PhysiC!f o(Solids 47 ! 19W I .Ni-461 441 

fig. 9. FunherexaDlples <'f the labyrinth S1ructure. (3) ,011 )-,,,ction of copper s in~le crystai C)\."led in tbe 
[0 11] dil\""I:tioll. Jin 11 987) . Ib) polycl)':>taliille Cu-Ni alloy fati gued to ~'IllIJ~lion . Charsley OQ8l . 
Reprinted by permission of Publisher. 
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Grain Shape 
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Conclusions 

Behavior of sYlJlmetric microstructures are 

captured well. 


Correct predicted slip of evolving microstructures 

is captured. Hardening predicted by time 

evolution of subgrain structure length scale. 


Grain size and shape effect hardening behavior. 


Further work will likely need to include the time 

evolution of -laminate volume fractions. 
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