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Table 1 Chemical composition of the FGH4113A superalloy (/%)

Al Co Cr Mo Nb

Ti U Ta Hf Ni

2.8-3.2 18.5-19.5 12.5-13.5 3.75-4.25 1.1-1.3

3.5-3.9 3.75-4.25 0.9-1.1 0.17-0.23 Bal.
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Fig.1 Shot peening equipment photo (a) and process schematic (b); surface roughness curve (c¢) and 3D profile (d) of the superalloy

before shot peening
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Fig.2 EBSD images and analysis results for the superalloy before shot peening: (a) IPF map, (b) grain boundary orientation distribution,

(c) grain size distribution, and (d) grain boundary misorientation angle distribution
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Fig.3 SEM morphologies of the superalloy surface at different shot peening intensities: (a) 0.09 mmA, (b) 0.13 mmA, (c) 0.15 mmA,

(d) 0.20 mmA, (e) 0.23 mmA, and (f) 0.27 mmA
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Fig.4 3D profiles of the superalloy surface at different shot peening intensities: (a) 0.09 mmA, (b) 0.13 mmA, (c) 0.15 mmA,
(d) 0.20 mmA, (e) 0.23 mmA, and (f) 0.27 mmA
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Fig.5 Surface roughness curves of the superalloy at different shot peening intensities
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Fig.6 R, and R, values of the superalloy at different shot peening Fig.7 Surface residual compressive stress values of the superalloy at

intensities and their fitted curves
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Fig.8 Metallographs of the subsurface layers of the superalloy at different shot peening intensities: (a) 0.09 mmA, (b) 0.13 mmA,
(c) 0.15 mmA, (d) 0.20 mmA, (e) 0.23 mmA, and (f) 0.27 mmA
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Fig.9 Metallographs of the subsurface layer of the

superalloy at shot peening intensity of 0.09 (a) and
0.23 mmA (b)
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EBSD images and analysis results of the superalloy at shot peening intensity of 0.23 mmA: (a) IPF map, (b) grain boundary

orientation distribution, (c) grain size distribution, and (d) grain boundary misorientation angle distribution
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Abstract: Powder metallurgy Ni-based superalloy turbine discs serve at high temperatures and high stress levels for a long time, and the
comprehensive mechanical properties of the superalloy are required stringently, while the surface morphology and microstructure have a
significant impact on the performance of the superalloy, which generally requires surface shot peening treatment. Based on this, this work
systematically investigates the surface/subsurface microstructure and deformation of the FGH4113A superalloy at different shot peening
intensities and explores the quantitative relationships between them. The result indicates that the dislocation pile-up occurs in the
subsurface and induces the formation of deformation twins. Meanwhile, the number of deformation twins rises with the increase in shot
peening intensity. Furthermore, the dislocations triggered by shot peening induce a large number of low angular grain boundaries in the
deformed layer, which results in grain refinement to reinforce the superalloy hardening effect. In addition, with the increase of shot peening
intensity, the characteristics of superalloy surface roughness, surface residual compressive stress, hardened layer thickness, and surface
microhardness display an increasing trend. This finding can provide data to support the regulation of shot peening parameters in the actual
production process.
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