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Study on the effect of residual stress and constraints on fatigue and
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Abstract: In order to deeply understand the interaction between residual stress and constraint under
fatigue, taking GH4169 superalloy as the research object, compact tension (CT) specimens with
different constraints were selected. Different loads were applied to CT specimens to produce different
stresses at the crack tip, and the stresses were introduced into the CT specimen as residual stress. And
then, the fatigue and creep-fatigue crack propagation rates of GH4169 superalloy were systematically
studied under the interaction of residual stress and constraint. The results showed that the fatigue and
creep-fatigue crack propagation rates of GH4169 alloy decreased with the increase of residual

compressive stress at crack tip. In contrast to the specimen with low constraint, the fatigue and creep-
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fatigue crack propagation rates of the specimen with high constraint were more sensitive to the change

in residual stress, and it was mainly related to the Mises stress at the crack tip and the normal stress

perpendicular to the crack propagation direction. Compared with the fatigue crack propagation rate, the

creep-fatigue crack propagation rate was more sensitive to the change of residual stress.

Keywords: constraint; residual stress; fatigue crack propagation; creep-fatigue crack propagation;

GH4169 alloy
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#1 GH4169 & U %M (REHH)™

Tab.1 Chemical composition of the nickel-based GH4169 alloy (mass fraction)

[19] %

C Mn Fe S P Cr

0.023 0.03 18.75 0.001 0.012 17.86

Mo Nb Ti Al B Ni

2.98 5.38 0.99 0.57 0.0048 Bal

# 2 GH4169 &% FCP 1 CFCP # Ak 54"
Tab.2 Material parameters used in the FCP and CFCP model
for GH4169 alloy "
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Fig.1 Schematics of CT specimen and model
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Fig.2 Schematics of fatigue and creep-fatigue loading waveform
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Fig.3 The first-cycle hysteresis loop of CT specimens under fatigue loading
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Fig.7 Crack tip stress fields of specimens with different constraints under 50 MPa
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Fig.9 The first-cycle hysteresis loop of CT specimens under creep-fatigue loading
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Fig.10 The relationship between creep-fatigue crack propagation length and cycles of CT specimens under different pre-loads
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