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Very high cycle fatigue behavior of high strength steel, were investigated using ultrasonic fatigue testing equipment at 20 kHz up to 10 9 cycles. S-N curves at room temperature with different stress ratio (R=0.01 and R=0.1) was determined. The experimental results show that fatigue strength decrease with increasing number of cycles between 10 5 and 10 9 . SEM examination of fracture surface reveals that fatigue damage was governed by the formation of cracks, and subsurface crack initiation was in the very long life range. The results shown that the portions of life attributed to subsurface crack initiation between 10 7 and 10 9 cycles are 99%.

Introduction

The objective of this study is to determine the SN fatigue curve of a high strength steel supplied by one famous car manufacturing factory. It had been suggested to explore several levels of loading corresponding to fatigue lives between 10 5 to 10 9 cycles.

This paper shows the some results and some researches done to solve the problem of machining of specimens. Heating of the specimen is a difficulty and it is why we made a thermal recording of the specimen. It has been not possible to get some failures at 10 5 cycles because the heating dissipation at 20 kHz is very important, in low cycle fatigue.

Materials

Chemical composition. The steel is a low alloy and ultrahigh strength steel. The microstructure of this steel is martensite with residual austenite. The X-ray analysis of inclusions shows very small MnS inclusions and mixed inclusions (Al, Si, Mg, S, Mn) with larger diameters (Fig 1). All above are primal data. The hardness tests (Rochwell) of specimens after ultrasonic fatigue test have given HRC = 46 which correspond to a lower value of UTS (1527MPa).

Experimental

Mechanical test.

Description of the ultrasonic fatigue test device. Ultrasonic fatigue test machine is composed of power generator, vibration system and control unit. The basic structure and working theory of the machine is that: fatigue vibration system composed of converter, amplifier horn and specimen is a resonance system, the vibration of the resonance system is excited by the generator, the working produce of the system is controlled by control unit.

The vibration system (Fig 2 ) for cyclic loading consists of a converter, amplifier and the specimen, under the excitation of a system of ultrasonic resonance. The amplifier and the specimen must have a length of resonance of 20 kHz.

As stated above, a ultrasonic fatigue test machine must include the following three common components: a) A power generator that transform 50 or 60 Hz voltage signal into 20 kHz electrical sinusoidal signal. b) A piezoelectric transducer excited by the power generator, which transforms the electrical signal into longitudinal ultrasonic waves and mechanical vibration of the same frequency. c) An ultrasonic horn that amplifiers the vibration coming from the transducer to obtain the required strain amplitude in the middle section of the specimen. The converter, horn and specimen are from a mechanical vibration system. For different fatigue vibration machines, their vibration systems have different components and vibration modes. Performed tests. In this work, the test was carried out with a stress ratio R=0.01 and R=0.1at several load levels. Compressed air like means of cooling of the specimens has been used to avoid an increase of the temperature (Fig 3).

Two horns were designed in order to carry the tests of this steel. The displacement is produced by the converter and amplified by horn. This last one amplifies the vibration and allows reaching to the specimen an important stress. The horn used for the tests is a horn which obtains an amplitude of displacement of 3µm to 20µm.

The samples have been designed theoretically using the elastic theory of propagation of wave by the method of finite elements, calculating for a frequency of 20 kHz. The dimensions of the specimens (Fig 4), as well as the Stress-Displacement ratio is calculated using this method, and depends on the density and the modulus of elasticity of the steel. The Stress-Displacement ratio for the tested specimens is 25.8164 MPa/µm, according to the software 20 kHz in the fatigue machine system. Thermal tests. Description of the infrared camera device. In order to determine the temperature field on the test sample surface, a non-destructive measurement technique using an advanced high-speed, high-thermal camera was chosen.

The spectral range of the camera used is between 3.7 µ m and 4.8 µm. The opening time is 10 ms and the frequency of collection of 10 or 100 Hz. A target of 50 mm focal length makes it possible to obtain a spatial resolution of 0.12 µm per pixel.

Test measure. The specimen was tested at ambient temperature (20°C) using piezoelectric fatigue machine (20 kHz) with a stress cyclic rate of R=-1.

Results and discussion

Mechanical results. The results of the tests in ultrasonic fatigue tests are shown in Fig 5 and6.

In the ultrasonic fatigue test, test loading can cause an increase of the temperature of the specimen rapidly. The temperature evolution is related to the amplitude of cyclic load and loading rates. Temperature reflects the local plastic deformation of alloy; it can affect the fatigue life of specimen. So it is necessary to use a strong cooling air to cool the specimen in order to reduce the increase of the specimen temperature. To avoid a large increase of temperature at high stress amplitude, the loading is controlled step by step.

Thermal result. Self-heating temperature change of specimen during ultrasonic fatigue process is measured by infrared imaging system.

The test was conducted with amplitude of forced to 335MPa. During this test the rupture occurred after 8.37×10 7 cycles. The number of cycles at the initiation Ni of fracture is given by point [START_REF] Bathias | Gigacycle Fatigue in Mechanical Practice[END_REF]. It is 8.3589×10 7 cycles, whereas the number of cycles at fracture N f is 8.37×10 7 cycles. The ratio Ni over N f is 0.9987, that means 99.87% (for N > 10 7 ) of the total life is devoted to the initiation of the fracture.

Fractography

Observation of the fracture surface was made using a binocular and scanning electronic microscope (SEM).

Observation of the fracture surface shows a typical mechanism of initiation. Below 5×10 6 cycles, the initiation of the crack is at the surface of the specimen. Beyond 5×10 6 cycles, the initiation is at the interior (Fig 8 and Fig 9). In this case, initiation is related to inclusion size. The direction of the red arrow in the fractography is the initiation of fatigue crack.

The specimen A30 used for thermal recording, the initiation is an inclusion located beneath the surface (Fig. 10A), X-ray analysis (Fig. 10B) shows that it is mixed inclusions (the larger inclusion) which are responsible of initiation. In the fish eye we can see striation (Fig. 8A) and around fish eye, secondary cracks (Fig. 9B).

Conclusion

a) The SN curve is very flat from 10 6 to 10 9 cycles but this steel can fail up to 10 9 cycles. b) When strong cooling during the test is operated, beyond 10 6 cycles heating dissipation is negligible. c) Beyond 5×10 6 cycles the initiation is located beneath the surface, on the larger inclusions. d) 99.87% (for N > 10 7 and R=-1) of the total life is devoted to the initiation of the fracture. e) If the screw hole of specimens were too long, it would made large scatter of test results. 
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