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Influence of defects on the very high cycle fatigue behaviour
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Abstract. This paper is focused on fatigue failure of forged aeronautic titanium alloy
Ti-6Al-4Mo under VHCF loading. Continuous fatigue tests were carried out in gigacycle
fatigue regime (up to on 1010 cycles) on specimens machined from real aircraft compressor
disk produced by forging. It has been shown, that crack initiation site shifts from
surface to subsurface location with stress amplitude decreasing and fatigue life increasing.
Microstructural inhomogeneities so that “hard” alpha particles, borders of large alpha
lamella clusters and TiN particles are the cause of fatigue crack nucleation in forged Ti6Al-4Mo titanium alloy under VHCF loading.

1. Introduction
According to the recent investigations on premature in-service failure of turbo-jet engines, a high
frequency vibration could significantly influence the process of fatigue damage accumulation in blades
and disks [1, 2]. It was pointed out that frequency of such loading can reach 1 kHz and more; thus an
upper limit in terms of fatigue life for HCF (106 –107 cycles) can be achieved less than in three hours that
is significantly less than guaranty in-service time for blades and disks. Therefore during their in-service
life, these elements experience more than 109 loading cycles that is VHCF range. According to [3]
the macroscopic behaviour of a metal in VHCF is elastic except around metallurgical defects, which
are typical crack initiation sites in gigacycle fatigue. Therefore, in-service failures of turbine elements
should be provoked by defects of material microstructure. Present work is focused on experimental
investigation of fatigue crack initiation mechanisms in forged aeronautical titanium alloy under VHCF
loading.

2. Material and experimental conditions
Alpha - beta forged titanium alloy Ti-6Al-4Mo, used for blades and disks production, was investigated in
VHCF range. Hourglass shaped smooth specimens were machined from real compressor turbine-engine
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Figure 1. a) Mo segregation in crack initiation zone, b) extra-hard TiN particules in crack initiation area.

disk. Fully reversed tension and tension – tension (R = 0.1) fatigue tests were carried out at 20 kHz with
a piezoelectric fatigue testing machine [4]. Specimens were cooled by dry compressed air flow during
all the testing time. Continuous tests were performed until specimen’s failure or reaching fatigue life of
1010 cycles.

3. Results and discussions
The fatigue strength of Ti-6Al-4Mo has decrease with increasing the number of loading cycles in
HCF and VHCF. Crack initiation shifts from surface to subsurface for longer fatigue life. Contrarily to
steels, forged titanium alloy shows weakly expressed or absent “fish eye” formation on fracture surface.
Fatigue crack initiation in VHCF is related to micro-plasticity accumulation around metallurgical or
microstructural defects. The analysis of fracture surfaces has shown, that like in some HCF cases [5]
crack initiation in VHCF can be provoked by “hard” alpha particles. Another type of crack initiation site
is the border of alpha beta lamella clusters. According to [6] a similar mechanism is activated in HCF
under stress amplitudes close to the conventionnal “fatigue limit” at room temperature. It was shown that
under such loading condition fatigue crack initiation at alpha/beta interfaces becomes dominant over
initiations in slip-bands. Furthermore, some micro-segregations of Molybdenum were detected in crack
initiation areas, as already reported in [7] but not in VHCF regime. The last type of “non-detectable”
defect inherent in this material is extra-hard TiN particle.

4. Conclusion and prospects
The analysis of the fracture surfaces of specimens in Ti-6Al-4Mo failed in VHCF regime has shown
that fatigue cracks nucleates from microstructural inhomogeneities but do not exhibit so called “fisheyes” like in steels. The crack initiation causes are: “hard” alpha particles, borders of alpha-beta lamella
clusters which are typically existing in large forged components and seldom TiN particles. All these
features are critical in VHCF regime and should be assumed as defects for components operating under
stresses at high frequency.
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