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Ultrasonics that dates back to 1940s has been utilized in numerous fields, inclusive
of ultrasonic cleaning, ultrasonic detection, ultrasonic welding as well as ultrasonic
machining. In manufacturing community, ultrasonics has been identified as a
practical and vital technique, especially in the high efficiency and precision machining
of difficult-to-machine materials, which, in some cases, is otherwise considerably
difficult to be accomplished without ultrasonics. Traditional machining in the presence
of ultrasonics can be categorized into ultrasonic machining and ultrasonic assisted
machining.

The work presented focuses on fixed abrasive polishing of fused silica with the
assistance of ultrasonics. The theoretical basis on which 2-D vibration is created is
introduced first. Following the design, the manufacture and evaluation of the designed
PZT was made. With the designed PZT, experiments on material removal and
micro-surface roughness follow. The results on the two major issues evidence that
applying vibration noticeably elevates material removal while the surface roughness

was not degraded significantly.



Another issue in machining refers to subsurface nature of machined workpiece.
More often than not, although the surface appears plausibly smooth, the subsurface is
damaged severely after a chemical processing. In our experiments, the subsurface
defect is experimentally related to chips incurred in the course of polishing. In some
cases for which the chips were dispelled timely, the subsurface damage is reduced
remarkably. Otherwise, on the machined surface plenty of cracks and/or scratches are

characteristic of the subsurface.

The thermal aspect in dry polishing, especially chemistry-involved processes, is of
paramount importance. Without exception, the temperature was examined in the
polishing. The temperature lies in the range of ~20°C~60°C, far lower than as
imagined. The temperature is comparable to that in chemical mechanical polishing
where slurry is generally circulated in the course of polishing. Inferring from the

experimented temperature, the mechanism of dry fixed abrasive polishing differs from

CMP.

The last part of the work is to extend the method so as to open a door to potential
industrial applications. To that end, the first and foremost thing is to ascertain if the
polishing process is stable and repeatable. Thus, influence function was tested
tentatively. We are pleased that the influence function exhibits excellent linearity with
time and external controllable factors, implying that the fixed abrasive polishing is a
technology well suitable for being automated.

All in all, the developed fixed abrasive polishing with the assistance of ultrasonic
vibration is a promising technology from the viewpoint of material removal and
subsurface properties. The technology has the potential to being further extended to

other materials.
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