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The use of laser shock peening (LSP) as a novel surface treatment generates controlled
compressive residual stresses in materials, thereby enhancing their service life,
particularly in stress-sensitive environments. In the present study, the effect of varying the
laser beam diameter on the microstructure and microhardness of cast Inconel 792
superalloy subjected to LSP was investigated. X-ray diffraction (XRD) analysis was
employed to identify the phases and quantify the surface residual stresses, while optical
microscopy was used to examine the microstructure and the phases formed after chemical
etching. The results confirmed the presence of residual stresses within the dendritic
microstructure of the y and y’ phases. LSP produced significant grain refinement near the
surface, leading to a reduction in grain area by approximately 62 %. Meanwhile, the
microhardness of the treated region increased by 30 % up to a depth of 2 mm, and the
residual stress was transformed from tensile to compressive, reaching about 290 MPa.
These findings demonstrate that laser shock peening can effectively induce high
compressive residual stress and promote surface grain refinement in Inconel 792, resulting
in improved mechanical properties and enhanced durability under demanding service
conditions.

Introduction

Nickel-based superalloys exhibit a unique combination of

has also been shown to influence surface deformation,
dislocation density, and corrosion behavior [10-12].

microstructural stability and mechanical strength at elevated
temperatures, making them essential in turbine components
such as blades, disks, and combustion chambers [1,2]. Among
advanced surface treatment techniques, LSP has emerged as
a promising method for enhancing fatigue and corrosion
resistance of metallic materials [3,4]. The process enhances
the surface and mechanical properties of various engineering
materials [6]. Previous studies have demonstrated that
increasing the number of laser impacts or laser power density
enhances surface hardness, compressive stress depth, and
grain refinement [7-9]. The presence of an absorption coating

Furthermore, increasing the laser power density by enlarging
the laser spot size intensifies plastic deformation and raises
surface roughness [13,14]. The effect of LSP parameters on
the microstructure and hardness of cast Inconel 792 has not
been previously explored; this study examines how laser spot
size influences its residual stress, grain structure, and
mechanical properties.

Methodology

The experiments were conducted on cast Inconel 792 alloy
supplied by Parto Co. as rectangular ingots measuring
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38 x 10 x 18 cm. Prior to laser processing, all specimens
underwent a multi-stage heat treatment. Samples were
heat-treated at 1204 °C for 2 h and furnace-cooled
(5 °C min™), solution-treated at 1120 °C for 2 h with air
cooling, then aged at 845 °C for 24 h. The alloy’s chemical
composition was measured via XRF spectroscopy.

LSP was performed using an LPX200 LAMBDA PHYSIK
excimer laser operating with Xenon-Chloride gas
(A = 308 nm), as schematically illustrated in Figure 1. The
principal laser parameters and experimental variables are
summarized in Table 2.

During processing, the specimens were immersed in water
that served as a transparent confining medium, maintaining a
layer thickness of approximately 2 mm above the irradiated
surface. High-energy pulses generated intense plasma
expansion, producing shock waves capable of inducing
compressive residual stresses up to 1-2 mm in depth. The
influence of laser spot diameter on microstructure and
residual stress investigated
Representative images of the laser irradiation setup and the
samples before and after LSP are shown in Figure 2.

state was systematically.

Phase and residual stresses were analyzed by XRD. Cross
sections were etched with Marble’s reagent and examined
optically; grain morphology was evaluated using MIP 5.
Vickers microhardness was measured under a 5 g load, and
hardness was plotted versus depth.

Results and Discussion

The residual stress of the untreated Inconel 792 surface was
+235 MPa (tensile), which converted to —-290 MPa
(compressive) after LSP using a 1.5 mm spot size. Increasing
the laser spot size reduced residual stress due to lower power
density and weaker plasma shock. Smaller spots concentrated
energy, producing stronger shock waves and deeper
compressive stresses, while larger spots caused energy
dispersion and less plastic deformation [13,27].
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Figure 8 presents metallographic images of etched
cross-sections for the untreated sample and after LSP with a
1.5 mm spot. The average grain area near the surface
decreased from 66.65 pm? (untreated) to 25.50 pm?
corresponding to a 62% grain refinement. Increasing the spot
size reduced energy concentration and produced coarser
grains closer to the untreated microstructure. This grain
refinement results from dislocation accumulation and
subgrain boundary formation under repeated high-pressure
laser pulses [13, 28, 29].

As shown in Figure 10, the mean Vickers microhardness
increased from 341 HV (untreated) to 442 HV for the 1.5 mm
spot and 378 HV for the 3 mm spot, representing 30% and
10% improvements, respectively. Beyond a depth of 2 mm,
hardness stabilized. The decline in plasma pressure at larger
spot sizes reflects reduced laser intensity and lower
mechanical impact on the surface.

Conclusion
LSP effectively induces compressive residual stress on the
surface of Inconel 792.
The maximum compressive stress achieved was —290 MPa,
shifting from an initial tensile stress of +235 MPa.
LSP causes significant microstructural refinement, where
high dislocation density under the shock-affected zones
leads to finer grains.
The surface grain size was reduced by approximately 62%,
indicating substantial grain refinement.
The excimer laser, due to its shorter wavelength and higher
photon energy, provides greater penetration depth and
enhances subsurface hardness.
LSP proved highly effective in increasing surface hardness
by up to 30%, demonstrating its strengthening capability for
Inconel 792.
Smaller laser spot diameters result in higher power density
and stronger plasma shock waves, leading to greater plastic
deformation and higher surface hardness
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Table 1: Chemical composition of Inconel 792 superalloy.

elements | Mn Cr V Ti Si Al
wt.% 10.005 1227 019 295 396 3.7

elements| W Mo Zr Ni Ta Co
wt. % 3.05 1.83 0.0075 5698 587 8.44
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Table 2. Laser characteristics and experimental
variables in LSP.

Parameters value
Energy (J/Pulse) 1
Average Power (W) 125
Wavelength (nm) 308
Pulse Width (ns) 10-50
Overlap Percentage 50%
Square Laser Spot Length (mm) | 15172 &3
Repetition Rate (Hz) 50
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Table 3: X-ray diffraction device characteristics.

Parameters value
K-Alphal [A] 1.54060
Anode Material Cu
Generator Settings 36 mA, 36 kV
Scan Step Time [s] 1
Start Position [°2Th.] 10
End Position [°2Th.] 80
Step Size [°2Th.] 0.02
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Figure 6. sin” y curve for determining residual stress

value: a) sample without LSP (LSP0), and b) sample
subjected to LSP1.5.
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Table 4: Results of residual stress created by LSP.

Sample Stress FWHM Strain
LSPO 235 0.40 0.39

LSP1.5 -290 0.28 0.27

LSP1.7 -124 0.19 0.20
LSP2 55 0.12 0.1
LSP3 181 0.36 0.32
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Figure 8. Metallography of the cross-section: (a) LSP0
sample and (b) LSP1.5 sample
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Table S. Average grain size near the surface

Sample Area(um?) Perimeter(pum)
LSPO 66.65 35.05
LSP1.5 25.50 20.21
LSpP1.7 36.51 23.15
Lsp2 50.80 2830
LSP3 70.05 31.88
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Figure 7. Optical microscope images of Inconel 792,
a) before chemical etching, and b) after chemical
etching.
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Figure 10. Vickers microhardness curve at the
material depth.
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Table 7. Comparison of surface microhardness of
various materials after LSP.

Average Percenta
; Average
microhard : ge of
microhard Refere
Alloy ness hardness
ness After | . nce
before LSP LSP (HV) improve
(HV) ment
Present
IN792 341 442 30% researc
h
1%8 450 560 2% | 133]
TC4 330 380 15% [13]
IW‘L “;; 454 624 37% [13]
CA_{}SX 425 550 29% [35]
AZW 80 160 100% [36]
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Figure 9. Alignment and grain refinement in the area
affected by LSP.
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Table 6. Mechanical properties of Inconel 792 superalloy.

Parameters | Yicid  Ultimate Young  Elongation
Stress Stress Modulus %
value 700 730 180 1.2
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