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Aspheric elements have become essential optical surfaces for modifying optical systems due to their abilities to
enhance the imaging quality. However, the tool marks and sub-damage were remained inevitably by the
pre-manufacture techniques, such as the single point diamond turning (SDPT) and the high precision grinding. In
order to improve the surface quality, the polishing process was demanded to eliminate these defects. The magnetic
field-assisted polishing method was prominent for this purpose. A magnetic compound fluid (MCF) was
developed by compositing a magnetic field (MF) and a magnetorheological (MR) fluid. MCFs exhibited higher
magnetic pressure and apparent viscosity than MFs and a better dispersity of nonmagnetic particles than MR
fluids under a magnetic field while maintaining a fluid-like behavior. The MCF slurry contains usually
carbonyl-iron-particles (CIPs), water-based MF with nm-sized magnetite particles, abrasive particles, and
o-cellulose. However, MCF slurry has not been used to polish aspheric surfaces, due to the complex material
removal profile induced by the conventional polishing methods. By the inspiration of conventional MCF polishing
tools, i.e., the mountain-shaped MCF tool and MCF wheel, a novel doughnut-shaped MCF tool was proposed for

polishing aspheric surfaces. Under a rotary magnetic field which was generated by the revolution of the
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eccentrically located ring-shaped magnet, the magnetic lines of force constantly revolved around the MCF carrier,
leading the clusters formed by CIPs to alert their orientations to stir abrasive particles. The renewing working area
prolonged the life of the MCF tool to a limited extent. In this study, polishing with the novel MCF polishing tool
under the rotary magnetic field was extensively studied from the investigation on feasibility polishing, the
fundamental properties of the MCF tool (including the formation process, the optimal geometry of the MCF tool,
and behavior of CIPs and APs), the evolution and equivalent control law of surface roughness (including the
indentation model for a single abrasive particle, polishing forces, and prediction model for surface roughness), and
the investigation experimentally on the effect of parameters on removal of material/tool marks and surface quality.
According to the results, the aspheric surface was polished successfully.

The fundamental properties of rheological behaviors of MCF slurry were studied, which demonstrated that the
shear stress and viscosity were affected significantly by CIPs concentration and magnetic field strength. Thus, the
polishing principle with the novel polishing tool was given out according to the properties of the MCF slurry, and
the experimental setup was constructed. The results of the feasibility polishing experiments showed that the top tip
of the MCF tool was located at a distance D to the revolution center of the MCF tool and performed better ability
on removing material. The D could be obtained by using D = (di + do)/4, i.e., the middle portion of the working
area. Simultaneously, the location and gesture control laws for polishing were given out. Because the workpiece
was polished to the nano-precision scale in the experiments, it was certain that this method was potential to
polished materials.

The variation process of external MCF slurry, terminal shape and the formation time were investigated for
obtaining the perfect MCF tool under various process parameters, namely magnet eccentricity re, supplied MCF
slurry amount V, MCF slurry carrier rotational speed n¢, and magnet revolution speed nm. The internal structure of
the MCF tool was observed, based on which the behavior of CIPs and APs were thereby confirmed through
theoretical analysis and polishing experiments. The model of material removal was proposed. The results showed
that a perfect MCF tool could be obtained when the eccentricity re, the rotation speed of the MCF carrier nc, the
revolution speed of the magnet nm, and the amount of MCF slurry supplied V were proper. The CIPs were
gathered to form the ferric clusters along the magnetic flux lines. The Aps, at a given working gap, can squeeze

the work-surface. The squeezing action was much more intense when larger APs and the MCF slurry with a
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higher magnetization were employed. The material removal model suggested that the material was removed due
to the APs and the relative motion between the work-surface and APs.

In order to study the evolution and equivalent control law of surface roughness, the motion analysis, and
indentation model were established theoretically by explaining in detail the normal force and tangential force
induced by the MCF tool. Simultaneously, numerical analysis for predicting the surface roughness under variable
parameters was conducted. The prediction model on surface roughness was verified by a series of experiments. As
a result, the relationship between parameters and surface roughness was obtained, thus, the surface roughness can
be predicted by giving the proper parameters.

The investigation on polishing aspheric surfaces was conducted experimentally. The representative material
removal profile on the generatrix, the process of removing tool marks, and typical surface roughness were
investigated. The effects of parameters, including working gap h, the revolution speed of MCF carrier nc, amount
of MCF slurry supplied, CIPs concentration and APs size on polishing performance were conducted. With the
optimized conditions, the aspheric surface was polished successfully. As a result, a V-shaped generatrix was
obtained on the polished conic surface. A similar surface roughness at the circumference and different surface
roughness on the generatrix were found. The tool marks composited of periodic peaks and valleys with relatively
low frequencies were diminished gradually with the polishing time. A smaller working gap was proper for
polishing. The 1 mm of working gap h was selected in the experiments. Higher revolution speed of MCF carrier nc
and the larger amount of MCF slurry were applied, and then a larger material removal rate, larger polishing area,
and better surface roughness were achieved. Better performance on the material/tool marks removal rate when a
higher CIPs concentration was applied. However, the best surface quality was attained with the CIPs
concentration of 45 wt.% in this study, rather than 55 or 35 wt.%. Larger APs were beneficial for obtaining higher
material/tool marks removal rates. However, a better surface quality was achieved when the APs of 1 pum in
diameter were preferred rather than 0.5 or 2 um. The aspheric surface was polished successfully without the tool
marks on the surface. Furthermore, the shape of the workpiece was kept in a favorable extent.

According to the above results, the magnetic field-assisted polishing using the novel MCF tool is a promising

technique for the nano-precision finishing of aspheric surfaces.
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