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Table 1  Element content of IN718 superalloy (mass

fraction, %)

Fe Ct Nb Mo Ti Al C B Ni
19.25 18.75 536 299 1.00 0.49 0.036 0.004 Bal.
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Fig.1 IN718 superalloy specimens for TMF test (Unit: mm)
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Fig. 2 Metallographs of IN718 superalloy: (a) Before heat

treatment; (b) After heat treatment; (c) After TMF test
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Fig. 3 Stress—strain hysteresis loop of IP (a) and OP (b) TMF
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Macro fractures of IN718 superalloy in strain
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Fig. 8 Fracture morphologies of IN718 superalloy in strain amplitude of 0.6% OP TMF test: (a) Fatigue source region; (b) Crack

propagation region; (c) Fibrous region; (d) Shear lip region
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Thermo-mechanical fatigue behavior of Inconel 718 superalloy

DENG Wen-kai'*%, XU Jing-hao" % JIANG Liang">

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: This research focuses on the thermomechanical fatigue (TMF) performance of IN718 superalloy upon in-phase
(IP) and out-of-phase (OP) loading modes, respectively. The differences of strain response, hysteresis loop and fatigue
life between IP and OP were compared. The hysteresis loop curves show that the stresses are not symmetric during
tension and compression loading, and exhibiting relatively low deformation resistance at high temperature. In most cases,
the stress exhibits cyclic softening behavior, only while at the [P TMF fatigue and upon low strain amplitude, the stress
displays cyclic hardening behavior in the high temperature half cycles. The S—N curves show that the fatigue life upon
out-of-phase mode exceeds that of in-phase process. The S—N plots are in accordance with the Coffin-Manson formula
for the strain range over 0.6%, while it is not true below strain range of 0.4%. The microscopic examination shows that
intergranular fracture dominates the deformation process for the in-phase TMF, which is contrast with the intragranular
fracture for the out-of-phase counterparts. The dimples can be ubiquitously observed for these two fatigue modes.

Key words: IN718 superalloy; thermomechanical fatigue; in-phase; out-of-phase; fatigue life; fracture
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