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This study examines how layer thickness and loading direction influence the
fatigue and fracture behavior of Cu/Nb multilayered nanolaminates (MNLs)
fabricated via accumulative roll-bonding (ARB). Three MNLs with layer
thicknesses from 4.4 wm to 44 nm were analyzed. Uniaxial tensile tests showed
that as layer thickness decreased, yield strength increased following a Hall-
Petch relationship, while ductility declined. Crystal plasticity simulations
attributed in-plane anisotropy between the rolling and transverse directions to
crystallographic texture. Four-point bending fatigue tests revealed that reducing
layer thickness significantly enhanced fatigue strength and limit, with minimal
anisotropy in response to loading direction. Fatigue crack propagation was
governed by interface delamination and crack deflection, which improved
fatigue resistance by dissipating strain energy. Fracture toughness tests
indicated that finer layers enhance toughness, likely due to increased interface
sliding and stronger interface bonding.
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Experimental

Cross polishing was done on broken samples using CP SM-09010, SM-09020
machines.Specimen observations were carried out using the SEM JSM-7800F.
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Results and Discussion

This study investigated the fatigue and fracture behavior of Cu/Nb multilayered
nanolaminates (MNLs) processed via accumulative roll-bonding (ARB), focusing
on the effects of layer thickness and loading direction. The key findings are as
follows: The MNLs exhibited significant anisotropy in tensile strength and
ductility between the rolling direction (RD) and transverse direction (TD), which
was linked to crystallographic texture. A Hall-Petch-like relationship between
yield strength and layer thickness suggests that confined layer slip mechanisms
become more dominant as the layers reach the nanometer scale. Fatigue
performance improved with decreasing layer thickness, primarily due to
interface-related mechanisms such as delamination and crack deflection. These
mechanisms dissipated strain energy and inhibited straight crack propagation,
indicating that the interface toughness was lower than that of the individual Cu
and Nb phases. Fracture toughness was also influenced by layer thickness, with
finer layers exhibiting enhanced toughness. This improvement is likely
attributed to increased interface shear strength and interface sliding, as texture
evolution promotes semi-coherent interfaces.
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Crack path of a Cu/Nb nanolaminate subjected to bending fatigue
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