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A Study on the Fabrication of Magnetorheometer
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ABSTRACT

A new, commercially available polishing process called magnetorheological finishing is used to polish and figure
precision optics. To understand and model this process correctly it is important to determine the mechanical properties
of the fluid under the influence of the magnetic field Magnetorheological (MR) fluids are commonly modeled as
Bingham fluids, so one of the essential properties to measwre is the yield stress. Since MR fluids are inherently
anisotropic, the yield stress will depend on the mutual orientation of the magnetic field and the direction of
deformation. The relative orientation of the field and deformation in polishing does not coincide with common
theological setups, so a new rheometer has been designed and tested. This new magnetorheometer design has been
shown to give correct stresses during calibration experiments using Newtonian fluids with a lmown viscosity. The
measured stress has also been shown to have a magnitude consistent with published finite element approximations for
magnetic fluids. The design of the instrument was complicated because of the requirements imposed upon the
magnetic field, and the difficulty in satisfying the no slip boundary condition. Our results show the importance of
having a homogeneous field in the test region during measurements. The solutions to these problems and discussion
of the measurements on nonmagnetic and magnetic fluids are given.
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Table 1 The properties of the iron powder

Micro powder iron

Color Gray
Apparent density 2.0-3.0
True density 7.7 Maximum

Average particle diameter 4~6 microns

% iron 99.5 max
% carbon 0.05 max
% oxygen 0.5 max
% nitrogen 0.1 max

Table 2 Composition properties of the MR fluids used
for material removal experiment

CI Powder | DI Water | Glycerin Na, OO,
20 % 717 % 2% 03 %
30 % 67.7 % 2% 03 %
40 % 577 % 2% 03 %

Table 3 The measurement results of shear rate that

used a torque
CI 20 % CT 30 % CI 40 %

1A |24 [3a |14 |24 |34 14 |24 |34
ysyee)

50 191 | 382 | 438 | 292 | 726 |1019| 700 | 993 | 1210
100 | 203 | 407 | 484 | 305 | 713 [1031] 713 | 1031|1133
150 | 171 | 382 | 471 | 318 | 751 |1057] 751 | 1006|1171
200 | 191 | 394 | 496 | 356 | 777 [1044| 815 [1070|115%
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