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ABSTRACT

In order to better understand the physical process of deformation and cyclic softening a 12% Cr
martensitic stainless steel FV566 has been cyclically tested at high temperature in strain control.
Increase in temperature was found to increase the cyclic life, softening rate and viscous stress
magnitude. An increase in the dwell time led to the acceleration of the material degradation. The
microstructure changes and dominating deformation mechanisms were investigated by means of
scanning electron microscopy, electron backscatter diffraction and transmission electron
microscopy. The results have revealed a gradual sub-grain coarsening, transformation of lath
structure into fine equiaxed sub-grains, and misorientation angle development in blocks and
packets until material failure. Further, a unified viscoplastic constitutive model coupled with a
physically-based damage variable, is proposed to capture the cyclic mechanical behavior and
microstructural evolution of the material at elevated temperature. The mechanical strength can be
reduced by the decrease in the dislocation density, the coarsening of the martensitic lath and the
loss of the martensitic structure under cyclic loading. The proposed physically-based damage
variable is driven by the evolutions of dislocation density and martensitic lath width. The good
comparisons with test results mean that the proposed model can reasonably model the cyclic
elastic-viscoplastic constitutive behavior of the material at high temperature.

KEYWORDS
High temperature fatigue; cyclic softening damage mechanics; dislocation density; martensitic lath

Acknowledgement: The authors would like to acknowledge EPSRC, RWE, and nmRC of
University of Nottingham for their continuous support on this study.

Funding Statement: This work was supported by the Engineering and Physical Sciences Research
Council UK (https://epsrc.ukri.org/) (Grant Nos. EP/L016206/1, EP/N509991/1 and EP/K021095/1)
received by Prof. Wei Sun. The work was also partly sponsored by the RWE Generation
(https://www.rwe.com/en/the-group/organisational-structure/rwe-generation).

Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding
the present study.

® This work is licensed under a Creative Commons Attribution 4.0 International License,
@ which permits unrestricted use, distribution, and reproduction in any medium, provided the

original work is properly cited.


https://www.rwe.com/en/the-group/organisational-structure/rwe-generation

2

ICCES, 2022, vol.24, no.1

References

1.

Wang, R. Z., Guo, S. J., Chen, H., Wen, J. F., Zhang, X. C. et al. (2019). Multi-axial creep-fatigue life
prediction considering history-dependent damage evolution: A new numerical procedure and
experimental validation. Journal of the Mechanics and Physics of Solids, 131, 313-336.

Li, B., Zheng, Y., Shi, S., Zhang, Z., Chen, X. (2020). Cyclic deformation and cracking behavior of
316LN stainless steel under thermomechanical and isothermal fatigue loadings. Materials Science and
Engineering A, 773, 138866.

Bartosak, M., Horvath, J., Spaniel, M. (2020). Isothermal low-cycle fatigue and fatigue-creep of a
42CrMo4 steel. International Journal of Fatigue, 135, 105538.

Xu, C., Yao, Z. H., Dong, J. X. (2019). The sharp drop in fatigue crack growth life at a critical elevated
temperature for a PM Ni-based superalloy FGHO7. Materials Science and Engineering A, 761, 138038.

Perkins, K. M., Bache, M. R. (2005). The influence of inclusions on the fatigue performance of a low-
pressure turbine blade steel. International Journal of Fatigue, 27, 610—616.

Zhao, P., Xuan, F.Z., Wang, C. (2019). A physically-based model of cyclic responses for martensitic
steels with the hierarchical lath structure under different loading modes. Journal of the Mechanics and
Physics of Solids, 124, 555-576.

Jing, H., Luo, Z., Xu, L., Zhao, L., Han, Y. (2018). Low cycle fatigue behavior and microstructure
evolution of a novel 9Cr-3W-3Co tempered martensitic steel at 650°C. Materials Science and
Engineering A, 731, 394-402.

Golanski, G., Mrozinski, S. (2013). Low cycle fatigue and cyclic softening behaviour of martensitic cast
steel. Engineering Failure Analysis, 35, 692—702.



	M. Li1,2,*, D.H. Li3, Y. Rae1 and W. Sun1
	References

