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Abstract A strain-gradient crystal plasticity finite element method(SGCP-FEM) was utilized to simulate the compressive
deformation behaviors of single-slip, (111)[101], oriented FCC single-crystal micro-pillars with two different slip-plane
inclination angles, 36.3° and 48.7°, and the simulation results were compared with those from conventional crystal plasticity
finite element method(CP-FEM) simulations. For the low slip-plane inclination angle, a macroscopic diagonal shear band
formed along the primary slip direction in both the CP- and SGCP-FEM simulations. However, this shear deformation was
limited in the SGCP-FEM, mainly due to the increased slip resistance caused by local strain gradients, which also resulted in
strain hardening in the simulated flow curves. The development of a secondly active slip system was altered in the SGCP-FEM,
compared to the CP-FEM, for the low slip-plane inclination angle. The shear deformation controlled by the SGCP-FEM reduced
the overall crystal rotation of the micro-pillar and limited the evolution of the primary slip system, even at 10 % compression.
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Table 1. Major parameter input values used for CP- and SGCP-
FEM modeling.

Cu 247 GPa

Ch 147 GPa

Cyy 125 GPa

Yo 0.001 /sec

m 0.03

Zo 420 MPa

n 1/3

b 25x10"" m

Lo 10" /m?

ko 0 (for CP-FEM), 10 (for SGCP-FEM)
k; 6.1x 107 /m

ks 7.84

. Ay (0.04), Aco (0.07), Acs (0.07),

Ay (0.07), Agy (0.38), Ay (0.76)
10 pm
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Fig. 1. Geometry of the micro-pillar and the platen for FEM
simulations. A thick arrow indicates a primary slip direction [101].
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Table 2. Twelve slip systems of FCC crystals used for the current
simulations.

Slip System Slip System

Index Slip System Index Slip System
1 (11no11] 7 (11n[o11]
2 11n[101] 8 (111)[101]
3 (111)[110] 9 (111)[110]
4 (11D[011] 10 (a1noi]
5 (111)[101] 11 (111)[101]
6 11D[110] 12 (111)[110]
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Fig. 2. Compressive true stress-true strain curves simulated by CP-
and SGCP-FEM for 6 =36.3 and 48.7 degrees. CP-FEM results
were taken from authors’ previous work published in [46].
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FEM

Fig. 3. Y-Z cross-sectional views of simulated total accumulated
slip shear (Zy,) contours at 10 % strain for 6 =36.3 and 48.7
degrees. (a) and (b) were taken from authors’ previous work
published in [46].
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Fig. 4. Location and shape changes of top surfaces of micro-pillars
after 10 % strain for 6 =36.3 and 48.7 degrees. CP-FEM results
were taken from authors’ previous work published in [46].
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Fig. 5. Y-Z cross-sectional views of simulated total accumulated
shear (Zy,) contours for 6 = 36.3 degrees at 0.54 % ~ 1.0 % strains.
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Fig. 6. Y-Z cross-sectional views of simulated total accumulated
shear (Zy,) contours for 6 =48.7 degrees at 0.54 % ~ 1.0 % strains.
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(a) CP-FEM

= Slip system 2, 6 = 36.3°

Accumulated Slip Shear
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7 === Slip system8, 6= 48.7°
T T T T r T T

0 2 4 6 8 10
Strain (%)

Accumulated Slip Shear

Fig. 7. Evolution of accumulated shear of major slip systems for 6 =36.3 and 48.7 degrees as a function of axial compressive strain: (a)
CP-FEM and (b) SGCP-FEM results. (a) was taken from authors’ previous work published in [46].
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Fig. 8. Y-Z cross-sectional views of simulated crystal-rotation angle
contours at 10 % strain for 6 =36.3 and 48.7 degrees. (a) and (b)
were taken from authors’ previous work published in [46].
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Table 3. Primary slip-plane inclination angles (), corresponding
Bunge angles and Schmid factors (SF), and differences in SF (ASF)
between primary and secondary slip systems for the compression of
single crystal micro-pillar. Slip system #2 is the primary slip
system for both 0’s.

Fig. 9. Y-Z cross-sectional views of simulated primary slip system
distribution at 10 % strain for 6 = 36.3 and 48.7 degrees. (a) and (b)
were taken from authors’ previous work published in [46].
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