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Abstract

Abrasive fluid jet polishing processes have been used for the polishing of optical surfaces with complex shapes. However,
unstable and unpredictable polishing spots can be generated due to the fundamental property of an abrasive fluid jet that
it begins to lose its coherence as the jet exits a nozzle. To solve such problems, MR fluid jet polishing has been suggested
using a mixture of abrasives and MR fluid whose flow properties can be readily changed according to imposed magnetic
field intensity. The MR fluid jet can be stabilized by imposed magnetic fields, thus it can remain collimated and coherent
before it impinges upon the workpiece surface. In this study, MR fluid jet polishing characteristics of fused silica glass
were investigated according to injection time and magnetic field intensity variations. Material removal rates and 3D profiles
of the generated polishing spots were investigated. From the results, it can be confirmed that the developed MR fluid

polishing system can be applied for stable and predictable precise polishing of optical parts.
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2. MR Fluid Jet Polishing System
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Fig. 1 A photograph of the used MR fluid jet polishing system

Table 1 Specification of the developed MR fluid jet polishing

system
Electomagnet Magnetic spec(Gauss) 1500G at 1.5A
system Size(mm) &70%120mm
Diameter(mm) Z1.5mm
Nozzle
Length 0
system ength(mm) 70mm
Material Carbon steel(SM45C)
Hydraulic Pump type Diaphragm pump
system Max. pressure(bar) 15 bar
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Fig. 2 Three regions of impinging MR fluid jet
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Fig. 3 Comparison of simulation and experimental results

Table 2 Compositions of the MR fluid

Cabonyliron | Nano ceria slurry | DI-water Stabilizer

65wt% 13wt% 20wt% 2wt%

* Stabilizer(glycerol 1wt% + Na,COs 1wt%)
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Fig. 4 Particle size distributions of CI and nano ceria

Table 3 Material properties of the fused silica glass

Birefringence Constant 3.54(nm/cm)/(kg/cm2)
Density 2.201g/ em’
Young' Modulus@20C 7.2><1010pa(10.5X106psi)
Coefficient of Exp 0.55x10°/C
Dielectric Strength 250-400kV/cm at 20°C

(a) Magnetic field off

(b) Magnetic field on(1500G)

Fig. 5 Particle size distributions of CI and nano ceria
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Fig. 9 Viscosity changes according to magnetic field intensity
variations

Table 4 Jet speed variations according to magnetic field intensity

) Fluid pressure(bar)
No Magnetic field Jet speed
- intensity(G) Nozzle Nozzle (m/s)
inlet outlet
1 1500G 9.0 1.0 15.8m/s
2 2000G 11.5 1.0 11.3m/s
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