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The fatigue behavior of high-strength steels in the very high cycle
fatigue (VHCF) regime has attracted increasing attention in recent
years, particularly due to the growing demand for long-life mechanical
components subjected to complex loading histories. Among these
materials, 17CrNi steel is widely used in power transmission
and mechanical systems because of its favorable combination of
strength, toughness, and fatigue resistance. However, conventional
fatigue design approaches often rely on constant amplitude loading
assumptions, which are not representative of real service conditions.
The referenced work on the effect of variable amplitude loading on
the fatigue life of 17CrNi steel beyond 107 cycles provides valuable
experimental insight into fatigue damage mechanisms operating in
the VHCF regime. This commentary aims to highlight the scientific
relevance of these findings, with particular emphasis on damage
accumulation, crack initiation mechanisms, and microstructural
aspects governing fatigue performance.

Fatigue Behavior Beyond the Conventional Endurance
Limit

Traditional fatigue concepts assume the existence of a fatigue limit,
below which infinite life can be expected. However, experimental
evidence accumulated over the past two decades has demonstrated
that high-strength steels may still fail beyond 107 cycles, especially
under VHCEF conditions. The studied results confirm that 17CrNi steel
does not exhibit a true endurance limit when subjected to variable
amplitude loading, even when nominal stress levels remain relatively
low. Variable amplitude loading introduces intermittent overloads that
significantly affect fatigue life by activating microstructural damage
mechanisms not observable under constant amplitude conditions.
These overloads can locally exceed the microplasticity threshold,
leading to irreversible damage accumulation at grain boundaries,
inclusions, or martensitic interfaces.

Influence of Variable Amplitude Loading on Damage
Accumulation

One of the key contributions of the study lies in demonstrating
that classical cumulative damage models, such as the linear Miner’s
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rule, are insufficient for describing fatigue life beyond 107 cycles under
variable amplitude loading. The interaction between low-amplitude
cycles and occasional higher stress amplitudes results in non-linear
damage accumulation, particularly in the VHCF regime. Experimental
observations show that overloads accelerate crack initiation rather
than crack propagation, which contrasts with conventional high-cycle
fatigue behavior. This finding suggests that fatigue life in the VHCF
regime is predominantly governed by early-stage microstructural
damage, rather than long crack growth. Consequently, even a small
number of higher-amplitude cycles can significantly reduce fatigue
life.

Crack Initiation Mechanisms and Microstructural Effects

Fractographic analyses reveal a transition in crack initiation
mechanisms as fatigue life extends beyond 107 cycles. While
surface-initiated cracks dominate at higher stress levels, subsurface
crack initiation becomes more prevalent in the VHCF regime.
This phenomenon is often associated with non-metallic inclusions
or microstructural heterogeneities acting as stress concentrators.
In 17CrNi steel, the carburized or high-strength microstructure
promotes subsurface crack initiation due to the high resistance of
the surface layer to crack nucleation. Variable amplitude loading
further intensifies this effect by promoting localized plasticity around
inclusions, leading to the formation of fine granular areas (FGA),
which are characteristic of VHCEF failure. These observations highlight
the importance of microstructural control, particularly inclusion size,
distribution, and cleanliness, in improving VHCF performance under
realistic service loading conditions.

Relevance to Advanced Materials and Nanostructural
Considerations

Although 17CrNi steel is not a nanostructured material in the
strict sense, the fatigue mechanisms observed in the VHCF regime
are strongly influenced by micro- and sub-microstructural features.
Crack initiation often originates from regions with dimensions
comparable to the microstructural scale, where local stress and strain
gradients dominate the fatigue response. From the perspective of
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advanced materials science, these findings emphasize the need for
microstructural optimization strategies, such as grain refinement,
inclusion control, and surface engineering, to enhance fatigue
resistance under variable amplitude loading. Such approaches are
closely aligned with nanotechnology-driven material design concepts,
where controlling features at small length scales leads to significant
improvements in macroscopic performance.

Implications for Fatigue Design and Future Research

The results discussed in the referenced work have important
implications for fatigue design methodologies. They demonstrate
that fatigue life predictions based solely on constant amplitude S-N
curves may lead to non-conservative estimates when components
are subjected to realistic variable amplitude loading. For long-
life applications, especially in aerospace, automotive, and power
transmission systems, VHCF behavior must be explicitly considered.
Future research should focus on developing physically based damage
models that account for microstructural damage accumulation
and load sequence effects. Additionally, combining experimental
investigations with multiscale modeling approaches could provide
deeper insight into the transition from microcrack initiation to long
crack propagation in the VHCF regime.

Concluding Remarks

The study on the effect of variable amplitude loading on the
fatigue life of 17CrNi steel beyond 107 cycles provides a significant
contribution to the understanding of VHCEF behavior in high-strength
steels. By highlighting the dominant role of crack initiation and
microstructural damage under variable loading, this work supports
the need for revised fatigue design concepts and advanced material
optimization strategies. Its relevance extends beyond conventional
fatigue studies and aligns well with the scope of Nanotechnology
and Advanced Material Science, particularly in the context of
microstructure-driven performance and long-life material reliability.
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