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For this project, all goals were achieved, including the design, assembly, and testing of a 3-degree-
of-freedom polishing system.

A topology optimization algorithm was created in Python, allowing the stiffness and operating
range of the actuators and polishing head to be specified. To ensure accurate stiffness, the
geometry was wire cut from a single ingot of material. Next, a triangular plate and bracket were
fabricated to mount the transducers and polishing head.

To allow simultaneous axial (Z) and radial (XY) motion of the polishing head, two sinusoidal signals
were added and biased from the controller to each of the 3 transducers. Hysteresis characteristics
and displacement of the mechanism tip were measured with a confocal chromatic sensor. A
smooth sinusoidal displacement of 4 uym/V was observed in the axial direction. For the radial
direction, the displacement of 5 um/V resembled a seesaw function, but that is sufficient as a
baseline (improvement of the feedback loop will be investigated in the future). Notably, there is
very little crosstalk between the axial and radial directions.

A nickel-plated flat sample was prepared by diamond turning and the initial surface roughness was
measured to be 0.24 nm Ra. The cutting grooves were then polished by rotating the workpiece at
100 RPM for 5 minutes while feeding a 50 wt% concentration shear stress hardening slurry mixed
with #30,000 alumina particles at a concentration of 40 g/L. The workpiece was polished under 1
DOF and 3 DOF conditions. In both cases, a material removal depth of approximately 10 nm was
achieved. Consistent with results reported in previous literature, faint cutting lines still remain on
the surface after 1-DoF polishing and dense pits are also noted, which significantly increase the
surface roughness to 0.51 nm Ra. By comparison, after 3-DoF polishing the cut lines have been
completely removed from the surface. Compared to the initial surface condition, there was no
increase in surface pitting and the final surface roughness was 0.37 nm Ra.
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For this project, all goals were achieved, including the design, assembly, and testing of a 3-degree-of-freedom
polishing system.
A topology optimization algorithm was created in Python, allowing the stiffness and operating range of the
actuators and polishing head to be specified. To ensure accurate stiffness, the geometry was wire cut from a
single ingot of material. Next, a triangular plate and bracket were fabricated to mount the transducers and
polishing head.
To allow simultaneous axial (Z) and radial (XY) motion of the polishing head, two sinusoidal signals were added
and biased from the controller to each of the 3 transducers. Hysteresis characteristics and displacement of the
mechanism tip were measured with a confocal chromatic sensor. A smooth sinusoidal displacement of 4 um/V
was observed in the axial direction. For the radial direction, the displacement of 5 um/V resembled a seesaw
function, but that is sufficient as a baseline (improvement of the feedback loop will be investigated in the
future). Notably, there is very little crosstalk between the axial and radial directions.
A nickel-plated flat sample was prepared by diamond turning and the initial surface roughness was measured to
be 0.24 nm Ra. The cutting grooves were then polished by rotating the workpiece at 100 RPM for 5 minutes
while feeding a 50 wt% concentration shear stress hardening slurry mixed with #30,000 alumina particles at a
concentration of 40 g/L. The workpiece was polished under 1 DOF and 3 DOF conditions. In both cases, a
material removal depth of approximately 10 nm was achieved. Consistent with results reported in previous
literature, faint cutting lines still remain on the surface after 1-DoF polishing and dense pits are also noted,
which significantly increase the surface roughness to 0.51 nm Ra. By comparison, after 3-DoF polishing the cut
lines have been completely removed from the surface. Compared to the initial surface condition, there was no
increase in surface pitting and the final surface roughness was 0.37 nm Ra.
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