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ABSTRACT 

The requirement of nano level surface finish on the components made of advanced 

engineering materials, difficult to machine materials, miniature surface features on complex 

geometries and complex three dimensional surfaces etc. are highly demanded. To fulfil above 

requirements, some advanced finishing methods have been developed where forces acting on 

the work-piece during finishing could be manipulated and controlled by external magnetic 

field. It was observed from literature that magnetorheological polishing (MRP) fluid ribbon 

on rotating wheel or polishing spots within magnetorheological (MR) fluid used as finishing 

tool in MR finishing processes. Ball end magnetorheological finishing (BEMRF) process was 

developed for finishing the work-pieces having in-depth pockets, grooves or projections at 

different angles on three dimensional features. But, it has been observed that BEMRF process 

is time consuming and having low material removal rate. It is because the abrasives 

encompassed by surrounding carbonyl iron particles (CIPs) are prone to escape from working 

area at high tool rotational speed and reduces finishing efficiency. It is called tool aging effect 

which has not been investigated in BEMRF processes. 

In the present research work, more effective MRP fluids (based on bidisperse and sintered 

magnetic abrasives) have been synthesized. Bidisperse magnetic abrasives have been 

prepared with different volume fraction combinations of carbonyl iron powder (CIP) of CS 

and HS grades within the fixed total magnetic content. Scanning electron microscope (SEM) 

has been used to study the morphology of particles. Magnetization of magnetic abrasive 

samples has been tested on vibration sample magnetometer (VSM) and observed maximum 

magnetization as 118.73 emu/g for bidisperse magnetic abrasives while 106.43 emu/g for 

monodisperse magnetic abrasives. Bidisperse and monodisperse MRP fluid samples were 

synthesized. Magnetorheological characterization has been carried out at different current and 

steady state rheograms are drawn. It was observed that the shear stress and viscosity are 
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maximum for bidisperse MRP fluid as compared to monodisperse MRP fluid. Experiments 

were conducted on mild steel surface with bidisperse and monodisperse MRP fluid. Response 

such as percentage reduction in surface roughness (%ΔRa) is calculated and found better by 

finishing with bidisperse MRP fluid as compared to monodisperse MRP fluid. Experimental 

investigations with bidisperse MRP fluid and statistical analysis using response surface 

methodology (RSM) have been carried out to study the effect of machining conditions on 

%ΔRa. Optimum machining conditions are obtained for maximizing %ΔRa. Improvement in 

surface characteristics and texture has been analyzed with SEM and atomic force microscope.  

BEMRF process performance was studied with ferro fluid based MRP fluid. MRP fluid 

samples were synthesized by mixing different vol% of ferro fluid in existing MRP fluid 

within the fixed total volume. Magnetorheological characterization was carried out at 

different current and found lower shear stress as well as viscosity of synthesized MRP fluid 

as compared to existing MRP fluid. It shows that there is no improvement in shear stress and 

viscosity of MRP fluid on the use of ferro fluid in MRP fluid. Experiments were conducted 

with synthesized and existing MRP fluid and observed that, there is almost no improvement 

found in %ΔRa on the use of synthesized ferro fluid based MRP fluid.      

BEMRF process was evaluated with sintered magnetic abrasives based MRP fluid. These 

abrasives were developed at 10000C in argon atmosphere using pressureless solid phase 

sintering method. SEM was used to see the morphology of particles and found in irregular 

shapes with sharp edges. Elemental composition and phases were seen by energy dispersive 

spectroscopy (EDS) and X-ray diffraction (XRD). Magnetic property of sintered and 

unbonded magnetic abrasives was studied on VSM and found maximum magnetization as 

106.59 emu/g for sintered magnetic abrasives while 116.97 emu/g for unbonded magnetic 

abrasives at 4878 gauss magnetic field. Sintered magnetic abrasives based MRP fluid was 

synthesized. Preliminary experimental investigations and statistical analysis using RSM was 
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carried out and optimum machining conditions were obtained for maximizing %ΔRa. 

Experiment was  conducted with synthesized MRP fluid at an optimum machining conditions 

and %ΔRa was calculated which has been found better than %ΔRa obtained by machining 

with unbonded magnetic abrasives based MRP fluid. After preliminary experiments, the 

sintered magnetic abrasives with optimum composition were developed at 12000C in an 

argon atmosphere. SEM was used to see the morphology of particles and MRP fluid was 

synthesized. Experimental investigations and statistical analysis has been carried out to study 

the effect of machining conditions on %ΔRa and obtained optimum machining conditions. 

Experiment was conducted with synthesized MRP fluid at an optimum machining conditions 

and %ΔRa was calculated as 52.62, which was close to predicted %ΔRa 54.69. 

Tool aging effect was studied by conducting experiments at higher tool rotational speed 

using sintered magnetic abrasives based MRP fluid. These abrasives were developed at 

12000C by preparing the pellets at 8 ton pressure. SEM was used to see the morphology of 

particles. Magnetizability was studied on VSM and found lower magnetization for sintered 

magnetic abrasives than unbonded magnetic abrasives. Experiments were conducted on mild 

steel surface and %∆Ra was calculated which has been found better by finishing with sintered 

magnetic abrasives based MRP fluid than unbonded magnetic abrasives based MRP fluid. 

Tool aging effect was studied by conducting experiments at higher tool rotational speed with 

sintered magnetic abrasives based MRP fluid. The results show that tool aging effect has 

been minimized with the use of sintered magnetic abrasives based MRP fluid. 

On whole, thesis demonstrates that MRP fluid based on bidisperse and sintered magnetic 

abrasives leads to significant improvement in process performance in terms of %∆Ra, surface 

textures at microscopic level. However, there are still detailed studies that need to be 

investigated to see the performance of BEMRF process on the material such as fused silica 

glass and very hard material like chrome steels etc.  
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