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Experimental on ultrahigh frequency vibration fatigue of
GH4169 nickel-based superalloy
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University of Science & Technology, Shanghai 200237, China )

Abstract: To address the very high cycle fatigue (VHCF )issue of GH4169 nickel-based superalloy, which is widely utilized in aero-
engines, a fatigue specimen subjected to 20 kHz ultrahigh frequency vibration is designed and tested utilizing a piezoelectric
ultrasonic fatigue testing system. At room temperature, the P-S-N curves for VHCF of GH4169 nickel-based superalloy are obtained
under various survival probabilities of 5%, 50%, and 95%. The experimental findings reveal that the GH4169 material’s curve
exhibits a downward trend when the fatigue life attains 10’ cycles, indicating the absence of a fatigue limit and the persistence of
fatigue failure. Fracture analysis results indicate that the majority of VHCF cracks initiate from the surface or subsurface of the
specimen, with both single-source and multi-source cracking observed. The cracking modes encompass surface sliding cracking and
non-metallic inclusion-induced sliding cracking.

Key words: acroengine; nickel-based superalloy; ultra-high frequency vibration; very high cycle fatigue; P-S-N curve
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Table 1 Mechanical properties and density of GH4169
nickel-based superalloy
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Fig. 1 EBSD, SEM and TEM images of the internal microstructure of GH4169  (a)IPF diagram; (b)3 phase distribution and
element composition; (¢)TEM dark field image of 7" and y” intensification phase in direction [001]; (d)nonmetallic inclusion
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Table 2 Vibration fatigue test result of GH4169 nickel-based
superalloy

Specimen number ¢,/MPa  N/cycle  Fracture condition

1 71720 2.01x10° o
2 71720 1.01x10" o
3 71720 7.94x10° o
4 75556 1.75x10° o
5 75556 2.08x10° o
6 75556 1.13x10" o
7 742.88  4.94x10" o
8 74288 7.48x10° o
9 74288  2.33x10° o
10 70485 235x10° o
11 70485 2.87x10" o
12 70485 7.58x10" o
13 64145 1.17x10° o
14 64145 647x10" o
15 64145 3.16x10° o
16 59074 1.00x10° «x

Note: o—fractured; X—unfractured
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Fig. 8 P-S-N curve of ultra-high vibration fatigue specimen
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Fig. 11 0¢,=717 MPa, N;=2.01x 10° specimen fatigue fracture morphology (a)macroscopic fracture;
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