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Superalloys by Laser Repair

Abstract

High-Temperature Tensile Property of GH4169 Nickel-Based

Zhao Jianfeng Cheng Cheng Xie Degiao

Xiao Meng

College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing, Jiangsu 210016, China

Laser repair of GH4169 alloy which is commonly used in aero engines by usage of the nickel-based

high-temperature tensile strength is 708 MPa, which is 90.4% of that of the intact sample and the maximum yield
the repaired samples.
Key words

superalloy FGH95 powder is tested. The high-temperature tensile properties of the repaired sample with different
strength is 538 MPa, which exceeds 4.3% of that of the intact sample. The fractions of the repaired samples occur

process parameters are investigated and the fracture mechanism is also analyzed. The results show that, with
OCIS codes

appropriate process parameters, the high-temperature tensile strength of the repaired samples can be recovered up to
more than 85% of that of the intact samples. When the laser linear energy density is 100 J/mm?, the maximum
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at the substrate heat-affected zone, where the segregation of elements is induced by the alternating heat action of
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laser scanning. This segregation is the main reason for the degradation of the high-temperature tensile property of
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Table 1  Chemical components of repair powder and substrate (mass fraction, %)

Element Cr Al Nb Mo Ti Fe Co Ni W
FGHY95 14.54 6.91 2.31 2.50 3.13 0.67 8.57 59.97 1.89
GH4169 16.57 0.67 4,74 3.17 0.97 Bal. 0.83 51.47
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Table 2 Process parameters of laser repair

Sample number Laser power /W Scanning speed /(mme+s ')  Linear energy density /(J*mm *)
1 2000 10 100
2 2000 11 90.9
3 2000 12 83.3
4 2200 10 110
5 2200 11 100
6 2200 12 91.7
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Table 3 High-temperature tensile properties of samples

Sample Tensile strength R,,/MPa Yield strength R ,./MPa Elongation & /% Fracture position
Repaired 1 708.2 538.4 12.3 Heat-affected zone
Repaired 2 688.4 470.4 11.4 Heat-affected zone
Repaired 3 614.1 456.8 6.8 Repaired zone
Repaired 4 693.5 473.2 10.5 Heat-affected zone
Repaired 5 695.4 496.8 9.7 Heat-affected zone
Repaired 6 699.1 501.2 9.7 Heat-affected zone

Intact 783.4 515.8 36.5 Substrate
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Fig. 4 Microscopic morphology of the repaired area of samples.

(a) Cross section of sample 1; (b) cross section of sample 3; (c) fracture section of sample 3
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Fig. 5 Metallurgical structure of repaired samples. Fig. 6 SEM images of repaired samples.
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Fig. 7 EDS analysis of heat-affected zone of repaired samples in Fig. 6. (a) Point A; (b) point B
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Fig. 8 Microscopic morphology of fracture sections of tensile samples.

(a) Repaired sample 1; (b) repaired sample 5; (c) intact sample
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