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Mechanical Properties of 17-4PH Stainless Turbine Blades by Laser Solution and Aging
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Abstract: Laser solid solution and aging with a rectangular laser beam of 25 mmx8 mm was performed on 17-4PH
precipitation-hardening stainless steel for surface strengthening to resolve pitting, water erosion and fracture of turbine blades.
The treated samples were characterized by optical microscopy (OM), X-ray diffraction (XRD), SEM, EBSD, microhardness
tester and tensile tester. Results show that the laser solid solution hardening layer has obvious diffraction peaks of e-Cu and
retained austenite compared with the traditional solid solution. The rapid heating and cooling of laser solid solution has a
positive effect on the formation of high density dislocation and vacancy. The interactions between the precipitated second
phase particles, such as e-Cu and NbC, with the high density of dislocations increase the energy of dislocation movement. The
thickness of the hardening layer is about 3.5 mm (HV>400), and a hardness gradient of 130~140 HV exists in hardening layer,
while the highest hardness is 500 HV on the surface. The hardening layer shows a good plasticity with a tensile strength of
1 290 MPa, which is 1.5 times of the substrate. Thus, the laser solid solution is a suitable candidate for an application in the
turbine blades.
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Fig.1 Schematic of tensile specimen by laser solid solution
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Fig.2 XRD patterns of 17-4PH stainless steel by laser solid
solution, laser solid solution and aging, traditional solid solution
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Fig.3 Surface condition of 17-4PH stainless steel under different laser solution parameters
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Table 1 Parameters of 17-4PH stainless steel by laser solid solution

Scanning speed /

Specimen Laser power / W Surface condition

(m'min™")

1 1300 1.2 Unmelted
2 1 600 1.2 Unmelted
3 1900 1.2 Unmelted
4 2200 1.2 Unmelted
5 2500 1.2 Unmelted
6 2 800 1.2 Melted

7 2200 0.9 Microfusion
8 2200 0.6 Microfusion
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Fig.4 Microstructure of different area of 17-4PH stainless steel by laser solid solution
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Fig.5 Precipitates of 17-4PH stainless steel in laser solid solution
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Fig.7 Tensile curves of 17-4PH stainless steel by laser solid
solution and traditional solid solution
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Table 2 Tensile properties of 17-4PH stainless steel by laser solid
solution and traditional solid solution

Sample Tensile strength/MPa  Yield strength/MPa Elongation

1 1290 1240 12.39%
2 1310 1244 10.03%
3 1060 1017 11.33%
4 890 745 11.19%
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Fig.9 Tensile fracture morphologies of 17-4PH stainless steel by laser solution and traditional solution
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