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The purpose of this study is to explore the severe cavitation erosion mechanism for a typical
erosion-resistant material, SUS 304 stainless steel, under a specified condition of uniform nuclei
distributions. The ASTM-Standard vibratory-method is used to generate the cavitation erosion.
By using the scanning electron microscope, the profilometer and X-ray microanalyser, the ero-
sion patterns, the surface-roughness-aspects and the particles produced by cavitation erosion
are systematically observed. As well as, the cavitation aspects for the eroded surface are photo-
graphed using a xenon-flash lamp of 1 gs exposure time.

The ultrasonic cavitation, by which the erosion is extremely accelerated, is multitudinously
constituted by the highly erosive massive bubbles, the erosive torus bubbles with microjets and
the low erosive cloud. According to the detailed inspection of the material failure features and
the cavitation aspects, it is clear that the important mechanism to transfer the cavitation
energy to the solid is only explained by shock pressures accompanied by collapsing massive
bubbles (see Fig. 1 for the illustration).

When the ductile materials such as SUS 304 exposed to cavitation erosion, their exposed sur-

face are locally plastically deformed resulted in the undulation of the surface. In addition the



pits are formed. As the time elapses, the plastic deformation lines are developed in the height
and width but not in the shape. Once the work-hardening capacity of the surface reaches a
critical case, then the cracks are initiated at the favorite sites of stress concentration like the
discontinuity of slip bands, polishing lines, pits and microvoids (see for example Fig. 2 ). It is
observed that the crack initiation and firstly propagation are inclined to the test surface (see
Fig. 3). It is also observed several developed fractures have resulted in fatigue striations (see
Fig. 4). These features of the eroded surface are very similar to that of the plastic fatigue
process. In the vibratory erosion tests, the shock pressure pulses lower than the material
strength which are resulted from the massive bubble collapses, cause the plastic deformations
of the material on the local scale. The successive development of these deformations under the
repeated impacts of the shock pressure pulses lead to the plastic fatigue failure.

It is found that the change in the surface roughness with time can characterize the change in
the erosion patterns especially in the initial stages. Therefore the surface roughness measure-
ments can be used as a practical and a reliable method to assess the cavitation erosion especia-
1ly for the ductile materials which are widely used for manufacturing the hydraulic machinery
blades (see Fig. 5).

The initial surface roughness has deleterious effects on the progress and the development of
the cavitation erosion even if the roughness is one figure smaller than the value recommended
by the ASTM Standard. It is observed that the roughness acts as favorite sites for the stress
concentrations which give rise to many pits to form along the polishing lines and to the crack
initiations and propagations. As well as, the roughness gives rise to many linear particles to
fall off. The ASTM Standard on the initial roughness is said to be insufficient.

An attempt is made to observe the pits plastically formed and their effects on the develop-
ment of the erosion. It is found that the diameters and shapes of the pits do not change with
the test time as if they are resulted from single cavitation jet impacts of torus bubbles collap-
sing close to the surface. The rate of pit formation with time is high initially, but rapidly
decreases with time. Clearly, some pits have some role on the initiation of microcracks.

Further clarification to the cavitation erosion mechanism is made through the observation
of the particles produced by cavitation erosion. Most of the observed particles show the traces
of the plastic deformations and a layered structure (see Fig. 6 ), which enhance the possibility
of their removing by the plastic fatigue process.

The cavitation nuclei, which are the most powerful factor in controlling the cavitation types,
are monitored before and after the tests.It is found that the nuclei-distributions scarcely
change before and after every test run when clean tap water is settled for 24 hours at least.
Under these conditions of uniform nuclei-size distributions, all the test runs of the present

work are carried out.
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Fig. 1 Cavitation aspects of the surface eroded for 4 min showing the
shock wave emitted from the massive bubble collapse

Fig. 2" Starting stages of the fatigue crack initiated from the pit formed
on the surface of slip bands

Fig. 3 Initiation and progress of the fatigue crack



Fig. 4 Fracture surface showing a fatigue striations
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Fig. 6 Micrograph of longitudinal 2
shaped particle
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