Response to Reviewer 1 Comments
Point 1.The subject of the review is the article entitled: "Cyclic deformation and fatigue failure mechanisms of thermo-plastic polyurethane in high cycle fatigue". The paper presents the results of fatigue tests (S-N curve) and the impact of material parameters on durability.The presented work has a typical structure for this type of scientific study.
Response 1: Thank you for your interests in our paper, and the comments you give are very helpful to improve this paper. We have exactly followed your suggestions and revised the manuscript thoroughly according to your comments. Please see the details below and feel free to let us know if there is any further suggestion on our manuscript.
Point 2.The abstract is too short and lacks details about research or results. The first chapter is the introduction, which is very short and does not present the current state of knowledge on the subject of fatigue and durability of the research object (TPU).
Response 2：Thank you for your attention to our paper. Your comments are very helpful to our paper. We have revised the summary according to your comments and added the overall idea of the research and the details of the research results. The modified content of abstract is：“In this study, the main purpose is to analyze the fatigue failure of thermoplastic polyurethane (TPU) plate under tension-tension load control test (frequency=5Hz, stress ratio=0.1) and consider the change of hydrogen bond content. The results show that the S-N curve of TPU material shows a downward trend before reaching the fatigue limit（10.25MPa）, and the energy is continuously consumed during the cyclic creep process and undergoes three stages of the hard segment and the soft segment changes. The infrared spectrum study shows that the increase of fatigue life will lead to more physical cross-linking, resulting in the reduction of hydrogen bond content, and the increase of micro-phase separation, leading to the occurrence of fatigue fracture. In addition, the scanning electron microscope and three-dimensional confocal analysis showed that the crack originated from the aggregation of micropores on the surface of the material and accompanied by the slip of the molecular chain, the crack propagation direction was at an angle of about 45 °” .In addition, the introduction of the first chapter is modified to include the current research status of TPU materials. The modified content of research background is:“In accordance with Qi and Boyce，TPUs are very rate-, time- and hysteresis dependent[7,8].Giorgia Scetta et al[2] evaluated the cyclic fatigue resistance of TPU based on fracture mechanics in low cycle fatigue region (<104) through experiments and finite element analysis, and discussed its fracture toughness and cyclic fatigue threshold.Zoltan Major[9] carried out fatigue tests on notched cylindrical and hollow cylindrical specimens, which proved that notch has a significant impact on the fatigue failure of TPU，Failure strain of material properties has showen very unambiguously the effects of the macroscopic stress concentration and the weak interfaces between the layers perpendicular to the loading directions. At present, TPU materials are mainly studied for their tensile properties and creep properties. The fracture mechanism of TPU material in high cycle fatigue has not been systematically studied”. Please refer to the details in the manuscript. If you have any further suggestions on our manuscript, please feel free to let us know.
Point 3.The second chapter presents the shape of the sample. There is no information on the selection of the shape of the samples (is it a standard or something else).
Response 3:Thank you for pointing out the problems in this part. In fact, we started to take the traditional dog-bone plate specimen, but due to the excellent plasticity of TPU material, we had to apply a notch in its test section to complete the high cycle fatigue test of TPU material. In the second chapter, the shape of the sample is the experimental sample improved by applying notch to the traditional dog bone plate material.
Point 4.The next chapter deals with the results and is the longest chapter of this work. Unfortunately, the results do not show a specific train of thought and do not refer to the assumptions presented in the summary or in the introduction. The work ends with a summary divided into several points.
Response 4:Thank you for pointing out the shortcomings of our paper. Your comments are very helpful to us. We revised the manuscript according to your comments. The overall idea in our manuscript is to obtain the directional change of TPU structure through fatigue-strain during fatigue test after fatigue test. The directional change of structure will lead to the change of hydrogen bond content, resulting in the increase of micro-phase separation and different fracture morphology. We have revised this part of the manuscript. If you have any further suggestions for our manuscript, please feel free to let us know.
Point 5.Basquin's equation is invoked (line 100), but there is no information as to where it was taken, or if and how it was developed.
Response 5:Thank you for pointing out the shortcomings of our paper. Your comments are very helpful to us. We revised the manuscript according to your comments. The overall idea in our manuscript is to obtain the directional change of TPU structure through fatigue-strain during fatigue test after fatigue test. The directional change of structure will lead to the change of hydrogen bond content, resulting in the increase of micro-phase separation and different fracture morphology. We have revised this part of the manuscript. If you have any further suggestions for our manuscript, please feel free to let us know.
Point 6.The results are vaguely defined, which makes it difficult to receive the results and correctly assess the presented work.
Response 6: On behalf of all contributors, I sincerely thank you for your constructive comments on our article. These comments are valuable and help to improve our article. According to the comments, we have extensively revised our manuscript to make our results convincing. The modified content is：
  “1.The trend of strain in the cyclic tensile process presents three parts: sharp rise, tend to be stable, and slowly rise, which corresponds to the three fatigue regions of polyurethane materials: (a)the domain orientation stage; (b)the phase mixing stage (c) the segment orientation stage, respectively.
2.The fatigue strain under cyclic load leads to the change of TPU directional structure. With the change of hydrogen bond content in the carbonyl stretching zone and the amino stretching zone of TPU, the hydrogen bond content in the carbonyl stretching zone decreased from 69.64% to 60.63%. The type of hydrogen bond remained unchanged, the distance distribution became wider, and the hydrogen bond content gradually decreased during the stretching process of the amino stretching zone. The results show that under cyclic loading, the two phases will form more physical crosslinks, resulting in an increase in the degree of microphase separation.


3.Under the action of cyclic load, the TPU will have tiny holes on the surface of the test piece, which will gather to form microcracks (FCI), leading to the occurrence of fatigue failure. In the slow crack growth zone, the overall surface is relatively rough and the consumption life (the size of the slow crack growth zone) is negatively related to the stress level. Due to the slip of the molecular chain, an angle of 45° between the growth direction and the fracture surface will appear. In the fast crack growth zone, the surface is relatively smooth and the stress level is also negatively correlated with the number of shear lips. The crack growth rate continues to increase from=0.22 MPa√um to=2.5 MPa√um.”
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