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Abstract: The influences of temperature, hardness level on cyclic behavior of 55NiCrMoV7 steel were investigated. The results showed that the cyclic stress response behavior generally showed an initial exponential softening for the first few cycles, followed by a gradual softening without cycluic softening saturation. Fatigue behavior of the steel is closely related to the hardness level. The hardness diminution and variation of half-width M(211) are remarkably influenced by the interaction between cyclic plastic deformation exceeds the tempering temperature of the steel.
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1 Introduction

Hot-work tool steels are widely used at various heat-treatment (i.e. tempering conditions) states to obtain the mechanical properties requested by the industrial application, like hot forging, casting, hot-rolling, extrusion, where the steel endures cyclic thermal and mechanical loads [1]. Most of the investigations indicate that cyclic plasticity is responsible, in parallel to wear and abrasion, of tool limit lifetime [2,3]. Nevertheless fatigue behaviour of steel not only depends upon the fatigue test conditions such as temperature, frequency, strain amplitude, stress ratio etc., but also upon microstructure which can be controlled by means of heat treatment. 

2 Experiment Method

The material investigated in this study is 55NiCrMoV7 hot-work tool steel with a chemical composition (wt %) of 0.56C, 1.7Ni, 1.0Cr, 0.5Mo, 0.1V, 0.2Si and 0.7Mn. The microstructure evolutions of the steel were investigated with SEM (PHILIPS-XL30), XRD (D/max-IIIa).  XRD spectrum and data were treated by Powder X]. The quenched microstructure contains martensitic laths and the tempered one consists of carbides and martensite. In order to investigate the effect of tempering on the cyclic fatigue behaviour, samples have been manufactured with four hardness for industrial usual applications. Heat-treatment conditions, hardness of the steel are reported in Table 1.
Total strain amplitude is fixed to ±0.8% during all low cycle fatigue test, whereas strain rate is 10-2s-1. The number of cycles was selected in order to reach a near constant cumulated plastic strain close to 4 mm/mm (i.e. without rupture) for all tests. The standard deviation is approximately 10 Vickers (Hv0.2).

Table 1  Quenching and tempering conditions of fatigue samples

	Quenching condition : Austenization at 850°C for 1h, quenching in vacuum

	Tempering temperature (°C)
	350
	460
	560
	600

	Tempering time (h)
	2
	2
	2
	2

	Hardness (HV0.2)
	570
	505
	457
	374

	Hardness (HRC)
	50
	45.5
	42
	35


2.1
Typical Experimental Results

The typical cyclic behaviour of the 55NiCrMoV7 steel was showed in Fig. 1 by the Δσ/2-N curves. The results indicated, at 300°C and 20°C, curves are clearly separated by stress amplitude and hardness level (Figure 1): semi-stress amplitude increases when hardness increases, whereas at 500°C and 600 °C, some curves cannot be easily distinguished. Three of these curves are very close and the curve of the 50HRc sample is even lower than that of 45.5HRc sample. The steel manifests the behaviour of cyclic softening under the loading of cyclic strain regardless of hardness of the steel and test temperature. This softening could be divided into two phases, which are the rapid softening phase during the initial cycles and following the slow softening phase.
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                Figure 1  Temperatures calculated by present mode
2.2
Temperature, Hardness and Cyclic Behavior

2.2.1 Maximum Stress 

The maximum stress with test temperature was showed in Fig.2. For each hardness level, maximum stress decreases with test temperature. The values of maximum stress of the steel with higher hardness level are even smaller than that of the steel with lower hardness level at elevated temperature. Maximum stress decreases linearly with the difference for each level of hardness.

2.2.2 Intensity of Cyclic Softening

The intensity of softening with test temperature from 300°C to 600°C, and rises with hardness at each temperature. The value is up to 200MPa at 600°C for 42HRc sample. But, the maximum intensity of softening appears at 20°C for each hardness specimen.
3 Hardness Diminution Method and Microstructure Variation 
The cyclic behavior of the steel was strongly related to temperature and hardness. It can even decrease 225HV for the 50HRC sample tested at 600℃. To investigate the role of mechanical loads and thermal aging on the evolution of steel during test, some equivalent tempering tests were carried out, tempering temperature and time are selected corresponding to that of relevant fatigue test.
4 Conclusions
(1) The steel manifests the behavior of cyclic softening under the loading of cyclic strain regardless of hardness of the steel and test temperature.

(2) The cyclic behavior of the steel was strongly related to temperature and hardness, obviously to fatigue-aging interaction.
(3) Both hardness and FWHM diminution during fatigue test could be divided into two parts, one induced by therma effect and another by mechanical cyclic/fatigue loads. The former occurs when test temperature is more than initial tempering temperature and it augments with the difference between test temperature and initial tempering temperature. 
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