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Table 2 Mechanical properties of materials in different regions of the specimen determined by

indentation inversion analysis

X% st | TR R ARG S Al AR Bk [z AR R A 2
E/GPa H/GPa o,/MPa R/MPa n
RZ, 173 3.36 547 2244 0.245
S-RAZ 194 3.82 617 2517 0.245
RZ, 181 3.58 593 2374 0.242
RAZ 193 3.65 590 2444 0.246
BM 214 5.75 1190 3493 0.207
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Table 3 Fatigue experiment configurations and results of laser remelted specimens

Evas A i JJEER RN SIS o/ MPa 295 i Ne/cycles W {3
BM-1 0.1 1180 52673 BM
BM-2 0.1 1154 60951 BM
BM-3 0.1 1125 60911 BM
BM—4 0.1 1020 131002 BM
BM-5 0.1 990 105403 BM
BM-6 0.1 884 220616 BM
BM-7 0.1 750 512703 BM
BM-8 0.1 720 1767770 No
RZ-1 0.1 1240 35068 BM
RZ-2 0.1 1240 37070 RZ
RZ-3 0.1 1125 59048 RZ
RZ-4 0.1 990 90393 RZ
RZ-5 0.1 884 112814 RZ
RZ-6 0.1 750 332179 RZ
RZ-7 0.1 660 496969 RZ
RZ-8 -0.1 1100 27339 RZ
RZ-9 0.3 1100 115239 BM
RZ-10 0.3 900 290492 BM
RZ-11 0.5 1100 333801 BM
RZ-12 0.5 900 1232879 No
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Fig.5 Evolution of tensile stress—strain relations with cycles of the critical point inside RZ upon

different stress ratios
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Research on Influence of Tool Path Strategies on Machining Performance in
Milling Inconel 718 With Straight Slot Features

LU Wenjun"*>’, LIU Zhangiang">>*, WANG Bing"*’, ZHAO Ming’
(1. School of Mechanical Engineering, Shandong University, Jinan 250061, China;
2. State Key Laboratory for High-End Equipment and Advanced Technology of Metal Forming, Shandong University,
Jinan 250061, China;
3. Key Laboratory of High-Efficiency and Clean Mechanical Manufacture, Ministry of Education, Jinan 250061, China;
4. School of Mechanical, Electrical & Information Engineering, Shandong University, Weihai 264209, China;
5. AECC Shenyang Liming Aero-Engine Co., Ltd., Shenyang 110043, China)

[ABSTRACT] Inconel 718, as a typical difficult-to-cut material, exhibits high hardness, high strength, and low thermal
conductivity. The tool is subjected to significant cutting forces and high cutting temperatures during the cutting process,
which not only accelerate tool wear but also adversely affect the dimensional accuracy and surface quality of the machined
parts. The straight slot features are widely present in acro-engine components, and the surface quality after finish machining
decisively affects the service life and overall performance of the parts. A comparative analysis was conducted on the
cutting performance of single-pass and multi-pass finish milling processes when machining straight slots of Inconel 718.
The effects of different process methods on cutting force, surface topography, and material removal rate were investigated
through theoretical derivation and milling experiments. The research findings indicate that single-pass finish milling of
straight slots can effectively reduce the peak cutting force and the duration of force application, minimize milling tool
deformation, achieve superior slot wall quality and floor surface accuracy, and enhance machining efficiency. Single-pass
finish milling demonstrates significant advantages.

Keywords: Slot features; Cutting performance; Single-pass milling; Multi-pass milling; Inconel 718
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Investigation of Heterogeneous Mechanical Properties of Laser Remelting
Nickel-Base Superalloys

ZHANG Tinglian', YUAN Huang"’

(1. School of Aerospace Engineering, Tsinghua University, Beijing 100084, China;
2. Institute for Aero Engines, Tsinghua University, Beijing 100084, China)

[ABSTRACT] This study systematically investigated the microstructural evolution, mechanical property mismatch,
and their effects on fatigue performance in laser-remelted nickel-based superalloys through multiscale experimental
characterization and finite element simulations. By combining nanoindentation tests, fatigue experiments, and an improved
indentation inverse analysis algorithm, the spatial distribution of mechanical parameters in the remelting zone (RZ),
remelting-affected zone (RAZ), and base material (BM) was quantified. The results demonstrate that the RZ, characterized
by coarse columnar grains and Laves phase formation due to non-equilibrium solidification, exhibits significantly reduced
strength compared to the BM. However, dendritic-cellular substructures within the RZ mitigate macroscopic performance
anisotropy through grain boundary pinning effects. Although the RAZ shows elevated geometrically necessary dislocation (GND)
density and twin boundary proliferation, residual tensile stresses lead to underestimated nominal hardness measurements. Fatigue
analysis reveals a stress shielding effect in the heterogeneous material system: cyclic softening and mean stress relaxation in the
RZ under high-stress conditions substantially reduce crack driving forces, shifting fatigue failure initiation to the BM. This work
establishes a cross-scale theoretical framework for optimizing the performance of laser-repaired components.

Keywords: Laser remelting; Strength mismatching; Shielding effect; Fatigue performance; Nickel-based superalloy
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