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Abstract: The Bauschinger effect is a classical phenomenon in which metallic materials exhibit a significant
reduction in yield stress upon reverse loading after preloading. This review systematically summarizes
research advances over the past two decades in microscopic physical mechanisms, responses of advanced
materials, constitutive modeling, and engineering control strategies related to the Bauschinger effect. At
the microscopic scale, multiscale experimental characterizations have revealed the asymmetric evolution of
defect structures (e.g., dislocation dipoles, dislocation cells, and twin boundaries) under cyclic loading,
with such behavior observed in both high stacking-fault-energy metals (such as Al and its alloys, Fe) and
low stacking-fault-energy metals (such as brass and austenitic stainless steels) , establishing a quantitative
correlation between macroscopic back stress and microscopic defect structures. At the mesoscopic scale,
cross-scale coupling of discrete dislocation dynamics and crystal plasticity finite element methods has
elucidated the non-local characteristics of back stress and the nature of its heterogeneous intergranular
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distribution. This review discusses the Bauschinger effect in conventional metals such as aluminum alloys
and steel, and focuses on the unique Bauschinger effect behaviors arising from multi-mechanism synergy in
high-entropy alloys, magnesium alloys, nanostructured metals, and shape memory alloys. On this basis,
the evolution of back stress models from empirical formulas to dislocation-density-based physically-based
constitutive models is reviewed, along with constitutive modeling approaches that account for
microstructural heterogeneity within the crystal plasticity framework. Furthermore, application strategies of
the Bauschinger effect in material forming, fatigue evaluation, and performance-oriented design are
summarized, reflecting a shift from passive avoidance to active utilization. Finally, future directions are
discussed, including extreme environmental effects, high-throughput effect mapping, multi-physics field
coupling, and cross-scale integrated computational platforms.
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Fig.1 A multiscale framework for the study of the Bauschinger effect!%-1725]
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Fig.2 Schematic diagram of the macroscopic mechanical manifestations of the Bauschinger effect and the concept of back stress
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Table 1 Comparison of main advantages, applicable scenarios, and limitations of different multiscale constitutive models

Model

Main advantage Applicable scenario Limitation
category
Physically-  Internal variables have clear physical Springback prediction in sheet forming; Phenomenological equations based on
based back  meaning (e.g., dislocation density ) ; macroscopic simulation of the Bauschinger  average dislocation density, unable to

stress model

parameters can be calibrated by independent
microstructural characterization ; naturally
captures grain size effects; high
computational efficiency, suitable for

engineering-scale simulations

Crystal Explicitly considers microstructural features
plasticity such as grain orientation, grain boundaries,
model and texture; simulates constraint and
cooperative deformation among grains in
polycrystalline aggregates ; naturally
captures anisotropic Bauschinger effect
Discrete Based on dislocation segment motion
dislocation  equations, accurately describes dislocation
dynamics nucleation, glide, annihilation and other
coupled micro-processes; reveals deep dislocation
model mechanisms of Bauschinger effect; provides

effect under complex loading paths;
material parameter extrapolation and

microstructural design

Studies on texture evolution and
anisotropy ; grain boundary engineering to
tailor Bauschinger effect; bridging micro-

mechanisms and macroscopic performance

Investigations of dislocation mechanisms at
micro- and nano-scales; analysis of size
effects and influence of initial dislocation
distribution; theoretical foundation for

developing multiscale constitutive relations

describe spatial heterogeneity of dislocation
structures; limited capability to directly
handle multi-mechanism coupling such as

twinning and phase transformation

Relatively high computational cost; difficult
to apply directly to large-scale engineering
problems when a sufficient number of grains
1s required for statistical representativeness;
kinematic hardening part still requires
parameter fitting

Extremely high computational cost, cannot
be directly applied to engineering scales;
cross-scale information transfer relies on
simplification and parameterization; time

scale limitations make it difficult to simulate

benchmark data for physically-based models

long-term quasi-static evolution
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