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Tensile deformation behavior of copper bicrystal with
perpendicular grain boundary

LI Fa-dong, LI Yu-long, SUO Tao, TANG Zhong-bin, GUO Ya-zhou

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The tensile deformation behavior of a copper bicrystal with a perpendicular grain boundary was investigated
using digital image correlation (DIC) method, and the whole field deformation distribution on the specimen surface
during the tensile test was obtained. The results show that the specimen is deformed in the “double necking” shape. The
strain distribution on specimen surface is inhomogeneous, and strain level at the grain boundary is lower than that in the
interior of grains. The specimens fracture within the grain with soft orientation. The in-situ tension by scanning electron
microscopy (SEM) indicates that slip bands cannot pass through the grain boundary. The above results suggest that the
tensile deformation behavior of the copper bicrystal is determined by the orientation of each grain and the property of
grain boundary. The grain with soft orientation tends to deform plastically and fracture first. Large-angle grain boundary
can impede slip bands and hence strengthen the material.
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Fig. 1 Schematic illustration of reference square subset
before deformation (a) and target (or deformed) subset after

deformation (b)!"®
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Fig. 2 Schematic diagrams of preparation of copper bicrystal
specimen with perpendicular grain boundary: (a) Cross-section;

(b) Longitudinal cross-section
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Table 1 Geometric direction and orientation of bicrystal
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Fig. 3 Schematic experimental setup
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Fig. 4 Images of specimen surface: (a) Undeformed image
(Image000), region enclosed by white frame is region of
calculation; (b) Image040, 0=77.7 MPa
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Fig. 5 Nominal stress—strain curves of four samples
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Fig. 6 Strain fields ¢, of sample 3 in y direction under different stress levels: (a) 0=24 MPa; (b) 0=40.6 MPa; (c) 60=60.8 MPa;
(d) 0=77.7 MPa; (e) 0=108 MPa; (f) 0=103.3 MPa
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Fig. 9 Local stress—strain curves of grains A and B
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Fig. 11 Macrostructure of fractured specimen
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Table 2 Schmid factors of grains A and B in all slip systems

Grain A Grain B
Slip plane Slip direction Schmid factor, m Slip plane Slip direction Schmid factor, m
(111) [011] 0.062 8 (111) [011] 0.244 9
(111) [110] 0.314 0 (111) [110] 0.163 3
(111) [101] 0.376 8 (111) [101] 0.081 6
a1 [101] 0.376 8 a1 [1o01] 0.2449
(111 [011] 0.062 8 (a1 [011] 0.2449
atrmn [110] 0.3140 a1 [110] 0.489 9
(111) [011] 0.094 2 (111) [011] 0.2449
(117) [110] 0.471 1 (111) [110] 0.4899
(111) [101] 0.376 8 (111) [101] 0.244 9
(111 [011] 0.094 2 (i [011] 0.244 9
(11 [101] 0.376 8 (111) [101] 0.081 6
(111 [110] 0.471 1 (111) [110] 0.163 3

Slip band

Grain boundary |

Load

direction

B 12 HRGH R B SEM 15

Fig. 12 SEM images of copper bicrystal in-situ tensile: (a) Before tension; (b) After tension
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