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Abstract

As a typical representative of extreme mechanical environments, the dislocation motion, slip sys-
tem activation, and grain boundary response of crystalline materials were significantly regulated
under centrifugal supergravity through centrifugal inertial loads, and thus profoundly affects the
plastic deformation and failure mechanisms of materials. Studies are important in research and ap-
plication prospects in high-end equipment fields such as aerospace and high-speed rotating ma-
chine in industry. This article systematically reviews the comparison and limitations of various re-
search methods in hypergravity environments, including experimental methods, simulation calcu-
lation methods, and combined approaches of both. By summarizing the research progress on con-
ventional crystal plasticity behavior, the paper systematically analyzed the research progress on
the crystal plastic behavior under supergravity environments, focusing on elaborating the coupling
mechanism between supergravity and multiple factors such as grain size, grain boundary orienta-
tion, and temperature. Some important aspect including the supergravity-induced stress concen-
tration effect, the regulation law of intergranular slip, and the evolutionary characteristics of plastic
flow were systematically summarized. It mainly described the application status of crystal plasticity
finite element simulation methods (such as Neper-Abaqus combined polycrystalline model) and su-
pergravity experimental technologies, and analyzes the current research deficiencies, such as the
simulation accuracy of multi-field coupling and the characterization of micro-mechanisms under
extreme supergravity. In the last paragraph, it also gives prospect on future research directions,
and it is proposed that the construction of quantitative correlation models between microstructure,
supergravity, and plastic behavior should be strengthened. Future work should provide theoretical
reference for the structural optimization and performance regulation of crystalline materials under
complex centrifugal supergravity.
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Figure 1. (a) Force analysis of sample; (b) relationship between gravity and the centrifugal and tortional stresses in samples;

(c)~(e) schematic demonstration of the force loading mode in the creep and fatigue modes; “Ac” represents the acceleration

process, and “De” represents the deceleration process.
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Figure 2. Failure in blade (a) Overview of the failed blade and its surroundings. (b) Leading edge damage in blades
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Figure 3. Photographs of S-disk and B-disk after experiments
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Figure 4. Comparison of three burst criteria on the equilibrium curve: (a) rotating ring, (b) axisymmetric rotating disk with
rectangular cross-section, (c) axisymmetric turbine disk, (d) non-axisymmetric turbine disk.
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Figure 5. Contour plots of Mises stress, hoop stress and radial stress of the model: (a)~(c) tetrahedral mesh; (d)~(f) hexahedral mesh
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Figure 6. Predicted distributions of equivalent stress (MPa) and equivalent strain (mm/mm) under 6 kN axial load. The results
compare the continuous FEM predictions: (a) stress, (b) strain; and CPFEM predictions, (c) stress, (d) strain
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Figure 7. FE simulation and experimental results of the fan disk: (a) radial stress of the disk, (b) hoop stress of the disk, and

(c) fragments from the burst test
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Figure 9. (a) Contour plot of stress under model loading conditions; (b) Contour plot of stress under model unloading condi-
tions; (c) Contour plot of strain under model loading conditions; (d) Contour plot of strain under model unloading conditions
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