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High Temperature Fatigue Life Analysis of
Single Crystal Ni-Base Superalloys Considering 97y~ Microstructure

Motoki Sakacuchr * and Masakazu Okazakr

kK

Strain controlled thermo-mechanical fatigue (TMF) and low cycle fatigue (LCF) tests were conducted in a single crys-
tal Ni-based superalloy, CMSX-4, under various test conditions. At first, it was shown ex-perimentally that the superalloy
revealed the TMF and LCF lives associated with some unique charac-teristics, which were not always interpreted well, so far
as the traditional stress-based and/or strain-based criteria were employed : e.g., Manson-Coffin law and Ostergren method.
New micromechanics model is proposed to estimate the TMF and LCF lives taking account of the unique microstructure of
superalloys. The proposed method enabled us to estimate some unique characteristics in the TMF and LCF failures of
superalloys, although some quantitative hurdles should be overcome further.

Key words : Single crystal Ni-base superalloy, Low cycle fatigue, Thermo-mechanical fatigue, 7/y’ mi-

crostructure, Eshelby’s micromechanics theory, Mori-Tanaka’s theory, Plastic work
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Fig.1 Geometry of fatigue specimen used. (Dimension in mm)
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Table 1 LCF and TMF tests program employed.

Strain wave- Frequency Templ-sttain Max. Min. Strain
Test type form (z) phase dlf;' Temp. Teomp. ratio Symbol
ference (*) ©) )
400 400 o
f-f 1730 560 500 1 =
7o N R S S A o T AT
-8 17600 900 900 —1 |
— 00 v
In-phase 0 ©
TMF Out-of-phase 1/600 180 900 400 -1 =]
Diamond-phase 90 3




Fig. 4
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Fig. 2 Hysteresis loops obtained from LCF and TMF tests under the condition of Agmech = 1.2%. (a) LCF at
400°C (f—f, Re=-1), (b) LCF at 900°C (f-f, R.=-1), (¢c) LCF at 900°C (s-s, Re=-1), (d) LCF at 900°C (s-s,
R:=0), (e) LCF at 900°C (s-s, Re=-1), (f) TMF in—phase (Rc=-1), (g) TMF out-of-phase (R.=-1).
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Fig. 3 LCF and TMF lives of CMSX-4. Symbols are

follow to Table 1.
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Fig. 4 Bar graph of LCF and TMF lives under the
condition of Agmech = 1.2%. The symbol “3%” represents



Fig. 5 LCF fracture surface of CMSX-4. (at 400°C,
Aémech = 1.2%, Re = _1)
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Fig. 6 TMF fracture surface of CMSX-4. (in-phase.
Aémech = 1.2%, Re=-1)
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Fig. 7 LCF and TMF lives on basis of (a) in-elastic
strain range (Aein), (b) stress range (Ao) and
(c) Ostergeren’s energy parameter (Omax * A&n).
Symbols are follow to Table 1.
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Fig. 8 Model of superalloy microstructure containing
spherical ¢ precipitates.
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Table 2 Material properties of y matrix and y * precipitates used for the numerical calculations.
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Fig. 9 Hysteresis loops under the condition of Agmech = 1.2% estimated from numerical calculation.
(a) TMF in-phase (R.=-1), (b) LCF at 900°C (R.=-1), (c) TMF out-of-phase (R.=-1).
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Fig. 10 Bar graph of estimated crack initiation lives
under the condition of Agmech = 1.2%.
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Fig. 11 LCF and TMF lives on the basis of calculated
plastic work in y matrix, W, (3. Symbols are follow
to Table 1.
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