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Abstract

The ultra-precision polishing method using MR fluid has come into the spotlight for polishing metals and optical
materials. The MR fluid jet polishing process can be controlled using a change of viscosity by an imposed magnetic field.
The MR fluid used for polishing process is a mixture of ClI particles, DI water, Na,CO5 and glycerin. The efficiency of
polishing depends on parameters such as polishing time, magnetic field, stand-off distance, pressure, etc. In this paper, the
MR fluid jet polishing was used to polish nickel and brass mold materials, which is used to fabricate backlight units for 3-
D optical devices in mobile display industries. In MR jet polishing, ferromagnetic materials like nickel can decrease the
polishing efficiency by interaction with the cohesiveness of the MR fluid more than non-ferromagnetic materials like
copper. A series of tests with different polishing times showed that the surface roughness of brass (Ra=1.84 nm) was lower
than that of nickel (Ra=2.31 nm) after polishing for 20 minutes.
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Fig. 2 Photography of MR fluid Jet Polishing
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(a) Magnetic field off

(b) Magnet field on
Fig. 3 MR fluid Jet Polishing removal rate spot(x2.5)
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Table 1 Mechanical property of Nickel and Brass

Nickel Brass
Density (g/cm?®) 8.90 8.73
Electri ivi
ectric conductivity 1.45x107 1.50x107
(mhos/m)
Electri o
ectrical resistivity 69.3 64
(nQ.m)
Spemf!c. 100-600 1
permeability
Young’s modul
oung s modulus 200 100-125
(GPa)
Hardness
638 144
(Hv, MPa)
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Fig. 4 Geometrical modeling and mesh
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(b) Magnetic flux density (nickel)

Fig. 5 Analysis of magnetic flux density according to
change of material
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Table 2 Compositions of the MR fluid

Carbonyl | Nano ceria -
iron slurry DI-Water Stabilizer
65wt% 13wt% 20wt% 2wit%

* Stabilizer (glycerol 1wt% + Na,CO5; 1wt%)

Particle Size Distribution
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(b) Nano ceria particle
Fi

g. 6 Particle size distributions of Cl and nano ceria

Table 3 Experimental conditions

Magnetic | Stand-off |, . . time [min]
field [G] [mm] ’
1500G 30mm 1~20min
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Ra:1.84nm Rq:238nm Rt 69.28 nm

(a) Brass (1.84nm)

Ra:231nm Rq:2.96nm Rt2289nm

(b) Nickel (2.31nm)

Fig. 7 Measure surface roughness of Brass and Nickel
after 20min MR polishing
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Fig. 8 Result of surface roughness after MR fluid Jet
Polishing (Ra)
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