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B CEE E  AMicrostructural Study of Fatisue Damage Mechanisms in Titanium

On the basis of the concept that polycrystalline materials consist of the
aggregate of grains that atoms are in orderly sequence and that metal failures
originate microscopically from lattice defects, the present study was conducted to
clarify the fatigne damage micromechanisms in titanium from the microstructural
and crystallographic viewpoints. Thin plate specimens were tested on pure
titanium in alternating plane bending in air and inert atmospheres to investigate the
environmental effects on fatigue micromechanisms. Microstructural examinations
were performed in the frontal zone and the process zone wake of a main fatigue
crack through optical microscope, scanning and transmission electron microscope
techniques.

In air, annealed pure titanium specimens significantly exhibited anisotropy in
fatigue strength and their fatigue behavior was characterized by both coarse slip
bands and mechanical twinning, Fatigue properties in inert environments were
favorably compared with those in air and were much greater in vacuum than in
argon gas. Microstructural examinations disclosed that fatigue damage was
distinguished between the testing atmospheres: in vacuum homogeneous slip bands
were uniformly formed and cracks propagated in transgranular mode, but both in
argon gas and in air twin systems as well as slip ones were activated. It was
demonstrated that slip-bands cracking occurred at the junction of the intersecting
slip bands developed on the {1010} planes during cyclic stressing in vacuum. A
dislocation model was proposed for the slip bands cracking. It was characteristic of
the intergranular mode of fatigue crack propagation in argon gas, meaning that grain
boundaries were subjected to selective damage in argon gas. It was concluded that a
key factor to control fatigue damage mechanisms was internal heating due to cyclic
stressing in vacuum and molecular gas penetration into grain boundaries in argon
gas. Pre-existing twins played an important role in crack propagation in cold rolied
titanium, and heat treatments prior to fatigue testing profoundly affected the fatigue
behavior in titanium alloys.
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