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Reliability Evaluation of Gigacycle Fatigue Properties
for High Strength Steels Based on Crack Initiation and
Propagation Behaviors
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Study on gigacycle fatigue in the life regime much longer than 107 cycles has been
a subject in recent years due to the occurrence of fatigue failure of some metals in
this life regime at stress below traditional fatigue limit. From theoretical and
practical considerations, it is necessary to develop new methodologies of life
prediction and assessment to safely extend the service lifetimes of mechanical
components. These methodologies must also allow for the design of new
components with fatigue lifetimes significantly greater than 107 cycles. These
requirements motivate the need to understand the fundamental failure
mechanisms of metals in gigacycle regime.

For this purpose, surface failure modes of metals in gigacycle regime were firstly
reviewed. Then, fatigue tests in rotating bending and in axial loading for a bearing
steel, GCr15 and two kinds of spring steels, SUP7-T450 and SUP7-T386, were
performed to discuss the fatigue failure mechanism of high strength steel in
gigacycle regime. Furthermore, fatigue tests to examine the crack growth rate and
crack-tip opening displacement for a cast steel, ZG25MnNi, were performed to
discuss the probabilistic crack growth behavior.

Main conclusions obtained in this study are summarized as follows:

1. Surface failure induced by surface small defect has been a noticeable failure
mode in gigacycle regime.

2. Duplex S-N curves characteristics is more distinct in rotating bending than in
axial loading.

3. Formation mechanism of FGA induced by inclusion is independent of loading
type.

4. Interior inhomogeneous microstructure as soft phase can cause interior crack
Initiation to failure in gigacycle regime.

5. Surface compressive residual stress can effectively increase fatigue strength
with surface failure.

6. Six probabilistic crack growth rate curve models can better evaluate the scatter
of test data in the entire crack propagation region.
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