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Experimental study on surface integrity control and anti-fatigue behavior of high-strength steel
Xuezhi Li, Zhigiang Liang*, Zekun Li

School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China

Xuezhi Li, E-mail address: 563113515@qq.com

Abstract: The anti-fatigue performance of axle-type critical components is particularly important. In this
study, the pre-torsion deep rolling (PT-DR) composite strengthening method is used to improve the surface
integrity of high-strength steel. The PT process helps to form a large residual compressive stress-influence layer
on the surface of the material, improving the fatigue resistance of the material. The DR process generates the
maximum residual compressive stress and layer depth distribution on the surface layer of the material, and the
plastic deformation of the surface layer is conducive to the formation of high-density dislocation cells. After the
DR-PT process, the residual compressive stress on the surface relaxed, and the texture orientation was parallel to
the PT direction. The PT-DR process has the smallest surface roughness and the highest surface microhardness.
Fatigue tests show that the material has the highest fatigue life after the PT-DR process, and the fatigue fracture
manifests as a rare double helix fracture pattern, which is attributed to the surface gradient nanostructure and firm
plastic deformation results, as well as the effective inhibition of dislocation slip by residual compressive stress.
Research results can provide guidance for multi-process anti-fatigue manufacturing of key shaft structural parts.
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Analysis of fatigue crack growth based on fracture phase field and thermodynamic entropy under
temperature gradient
Guo Li*,Qiantao Zhang',Zhenlei Li*? Liangliang Zuo®,Shaochen Bao? Bolin Li*,Shuiting Ding®
1. School of Energy and Power Engineering, Beihang University
2. Research Institute of Aero-Engine, Beihang University
3. School of Safety Science and Engineering, Civil Aviation University of China

In this study, the issue of fatigue crack growth under temperature gradient was investigated. A

thermo-mechanical coupled fracture phase field model was established to simulate the fatigue crack growth
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process of GH4169 test specimens. The simulation results were compared with the experimental data of crack
growth under corresponding loads, revealing that the phase field model could precisely simulate the crack growth
process. Analysis reveals that under temperature gradient loads, thermal stress at the crack tip presents as tensile
stress, resulting in an increase in the stress intensity factor, thereby facilitating the promotion of fatigue crack
growth. Furthermore, as the temperature gradient increases, the rate of crack growth tends to
escalate. Subsequently, a fatigue crack growth model based on thermodynamic entropy generation was employed
for fatigue life prediction, which significantly improved the accuracy of fatigue life prediction. This study has
developed a fatigue crack growth analysis method for aero-engine components under temperature gradient load
conditions, which is of great significance for the life evaluation of turbine components.
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Physics-informed machine learning for LCF-VHCEF life prediction with effects of creep and oxidation
Guo LI Jichao Tian',Zhenlei Li*? Shuiting Ding®
1. School of Energy and Power Engineering, Beihang University
2. Research Institute of Aero-Engine, Beihang University
3. School of Safety Science and Engineering, Civil Aviation University of China

This study proposes a machine learning (ML) based approach to predict the combined low and
very-high-cycle fatigue (CCF) life considering the effects of creep and oxidation. In order to reveal the CCF
failure mechanism, CCF and high-cycle fatigue (HCF) tests were performed at room-temperature (RT) and 600<C.
The experimental results reveal the existence of three distinct crack initiation mechanisms. Fatigue cracks
originate from the subsurface crystallographic planes or specimen surface, including initiation from surface
defects and surface crystallographic planes. During CCF at elevated temperature, creep and oxidation contribute
to the failure of GH4169. Furthermore, Monte Carlo simulation (MCs) was used to overcome LCF-VHCF data
sparsity. Based on the CCF behavior characteristics, a novel normalized damage parameter was established to
quantify damage accumulation, and machine learning (ML) models were developed for VHCF, LCF and CCF life
prediction.Experimental validation demonstrates the high accuracy and broad applicability of the proposed
prediction model.
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