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Fig. 5 SEM images of interface welding
and separation of Al/Al samples after
asymmetrical rolling at different reduction
rates: (a) &=33.3%; (b) &=64.2%;
(c) e=75%; (d) £=89.2%; (e) e=97.7%
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Fig. 6 Stress distributions of Al/Al plates of symmetrical rolling: (a) Deformation zone; (b) Shear stress z,,; (c) Progressive welding
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Fig. 7 Stress distributions of Al/Al plates of asymmetrical rolling: (a) Deformation zone; (b) Shear stress t,,; (c) Progressive

separation under shear stress z,,,
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Fig. 8 Simulation results of shear stresses of the symmetrical rolling: (a) 7,,; (b) 7,.
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Interface welding and separation of Al/Al plates after
sandwich rolling

YU Qing-bo', LIU Xiang-hua®, SUN Ying', CHEN Wei', DING Li-hong', CHAI Hua-wei'

(1. School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China;
2. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Annealed Al/Al plates were rolled by symmetrical and asymmetrical rolling at room temperature. Based on the
optical microscopy observation, the Al/Al plates were welded by symmetrical rolling, and the welded Al/Al plates were
again separated by asymmetrical rolling. In order to further confirm the phenomenon of interface welding and separation
of the Al/Al plates, the tensile tests were carried out on the samples after symmetrical and asymmetrical rolling, and the
tensile fractures of the samples were observed by scanning electron microscopy. It is considered that the longitudinal
shear stress acting on the surface of the rolled piece is the largest for symmetrical rolling, and the longitudinal shear stress
acting on the plane at one-half of the thickness of the rolled piece (plane of symmetry) is zero. Such shear stress
distributions are good for the welding of the interface. In contrast, for asymmetrical rolling, the longitudinal shear stress
in cross-shear zone is uniformly distributed along the thickness direction of the rolled piece, i.e., the longitudinal shear
stress acting on the Al/Al interface is almost equal to that acting on the surface of rolled piece. However, the longitudinal
shear stress can also destroy the welded Al/Al interface, resulting in a separation at the welded interface. In order to
obtain the welding mechanism of symmetrical rolling and the separation mechanism of asymmetrical rolling, the finite
element method was used to simulate the two rolling processes. The simulation results show that the longitudinal shear
stress at the Al/Al interface in asymmetrical rolling is 57.8 MPa, which reaches the shear strength of aluminum and can
cause the shear separation at the welded interface. This provides a strong evidence to explain the phenomenon of
interface separation in asymmetrical rolling. The results would be helpful in selecting suitable sandwich rolling process
for layered metals.

Key words: aluminum plates; sandwich rolling; interface welding; interface separation; asymmetrical rolling;

symmetrical rolling
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