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Abstract 

Swirling Abrasive Fluidized Bed Machining (SFBM) is a novel variant of 

Fluidized Bed Machining (FBM) which is used to machine complex shape and 

size of workpiece that are difficult to machine with conventional method. Due 

to its ability to machine metallic surface from an initial value of surface 

roughness Ra 1.2µ to 0.2 µ within 7-8 hours of processing, this new method can 

machine surfaces with complex geometry such as components with ducts and 

grooves. Various process variables play significant role in deciding the 

effectiveness of machining performance in terms of MRR and average surface 

finish. This work experimentally investigates the influence of   particle 

concentration, work piece location and type of abrasives on machining 

performance under standard operating conditions.  

Key words:  Porous, Fluidization, Swirling, Particle concentration, work piece 

location, shape factor. 

 

INTRODUCTION 

It was Francis N. K. et. al [1], who first conducted experiments on Swirling Abrasive 

Fluidized Bed Machining (SFBM) as an alternative form of the conventional Fluidized 

Bed Machining (FBM) using porous air distributer with inclined holes. The 
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experimental research emphasized up on the comparative study with the FBM and 

testing the effectiveness as a non-traditional surface finishing process. The process 

parameters such as machining time, air speed, abrasive particle size, work-piece 

hardness, location and geometry of the work piece and abrasive shape and type play 

major role in determining the degree of machining performance.  

The research investigated the influence of abrasive mesh size on copper (HV 49) 

specimen and the results proved that SFBM is more effective as far as the rate of surface 

modification is concerned and the surfaces finish that can be achieved (Ra). Francis N. 

K. et. al [2] further investigated the role of micro-cutting mechanisms and the evolution 

of surface roughness profile on the basis of SEM and optical microscopic images as 

well as surface roughness profiles and the roughness parameters which proved the 

effectiveness of the process in generating polished surface of uniform surface finish of 

the order of Ra 0.2µ. Francis N. K. et. al [3] later focused on designing of experiments 

based on Taguchi’s method and optimization of process parameters such as machining 

time, abrasive particle size and air superficial velocity in order to achieve best 

machining performance in terms of surface roughness and metal removal rate. Francis 

N. K. et. al [4] tested the effectiveness and flexibility of the SFBM machining process 

on an axi-symmetric complex-shaped   machined part and the observations confirmed 

the viability of the process as an alternative polishing method. Softer materials such as 

aluminium   can be easily machined but better surface finish can be achieved while 

machining with harder materials like brass as observed by Francis N. K. et. al [5] 

following the investigations on the effect of material properties on the machining 

performance in SFBM. Francis N. K. et. al [6] observed that abrasives with high impact 

speed result in faster surface modification but prolonged machining tend to damage the 

surface in softer materials. 

 

Figure 1.  Process variables affecting machining performance in SFBM 
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Process variables which determine the machining performance include metal removal 

rate (MRR) and the average surface roughness (Ra) are schematically represented in 

Fig. 1. Component location depends on three parameters, i.e. height (h), radial distance 

(r), and inclination (ϴ) within the cylindrical container. The roles played by material 

properties like hardness (H), the abrasive weight in the fluidized bed (W), abrasive type 

and shape factor (k) are also significant for the effectiveness of surface modification. 

Investigation on abrasive mesh size (MS), particle impact speed (v) and machining time 

(t) have already been conducted in the previous works. Current experimental study 

focuses on parameters h, r, ϴ and W to optimize the machining effect while parameters 

H and k analyze their effect on MRR and Ra values. 

 

Materials and Methods 

A porous distributor with angular openings of inclination 150 (hole diameter 3 mm) 

facilitates both swirling and fluidization in SFBM in which the blower generates 

sufficient air supply (Fig.2). Compressed air surging out of the distributor generates 

horizontal and vertical components of velocity, which in turn swirls and fluidizes the 

silicon carbide grits lying settled on the distributer plate. Performed in a vertical 

fluidization column-height 600mm, made up of plexiglass as indicated in Figure 2, the 

particles in a fluidized state being lifted up in the container, swirl   vigorously and strike   

the   work piece causing surface modification (Fig. 2-4).  The MRR was estimated by 

means of a digital scale (resolution of 0.001g) and roughness (Ra value) with the help 

of Taylor Hobson instrument.  

       

 

Figure 2.  SFBM experiment setup and  porous distributor 
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RESULTS AND DISCUSSION 

The influence of abrasive particle concentration on the effectiveness of SFBM was 

investigated during the first experiment which is basically the weight of abrasive grains. 

Three distinct regimes of swirling fluidization were observed (Fig. 3). In the first stage, 

silicon carbide abrasives   of mass ranging from 0.3 to 0.7 kg, in the second stage 0.9 

to 1.2 kg and in the third stage 1.2 to 1.4 kg were subjected to fluidization with and 

abrasive grit size of MS: 20 and the superficial velocity kept constant at about  4.11m/s. 

The fluidization component (V sin α) of velocity is predominant and the swirling 

component (V cos α) is weaker due to the light weight of the charge and hence the 

swirling air-particle mixture tend to lift up en masse as shown in Fig. 3a during the first 

stage. At this stage, the velocity of impact is more, but the abrasive-metal interaction is 

uneven and the abrasive concentration   is non-uniform while striking with the 

workpiece.  

 

Figure 3. Abrasive flow pattern observed during SFBM varying particle  

concentration (a) < 0.8 kg (b) 0.9-1.2 kg (c) > 1.3 kg 

 

During the second stage, the abrasives tend to lift up due to the fluidization and swirl 

vigorously within the container as shown in Fig. 3b. Particle weight is now sufficient 

to cause   uniform abrasive-metal interaction on the work piece if placed at a height of 

70 mm -150 mm from the bed level. The particles swirl in a chain-like pattern 

vigorously (Fig.4) along the metal surface and cause faster surface modification as 

observed by Francis et al [1].  During third stage, because of the increased mass, the 

fluidization component of the velocity is unable to lift the particles up. The charge now 

showed the tendency to swirl, mainly confined to the bottom portion (Fig. 3c) of the 

cylindrical container with reduced velocity. Although the particle concentration is more 

and uniform at this stage, the velocity of impact is insufficient to cause metal removal. 

It can be concluded that the metal removal is maximum at a height of 70 mm-150mm 

(Fig. 2) measured from the bottom of the container with particle mass  

weight 0.9-1.2 kg.  
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The effect of work piece positioning parameters (h, r and ϴ) within the swirling 

fluidized bed container on MRR and surface roughness was experimentally examined 

during the second experiment. Three different positions are to be taken into account, a) 

vertical distance from the bottom h mm, b) radial distance from the cylindrical wall  

r mm and c) angular position within the container ϴ0 . 

At the bottom portion of the container close to the distributor plate the particles 

observed to be in a circular motion about the vertical axis of the cylinder. At a height 

of 50-130 mm the particles undergo both fluidization and swirling  owing to V sin α 

and V cos α components of superficial velocity  at the   impact speed of 4.11 m/s. 

Increased concentration of abrasives as well as the chain like pattern of the abrasive 

flow leads to improved metal removal rate from the specimen. An experiment 

conducted on a sheet of brass specimen as held in Figure 4 highlights the specific 

location where the metal removal rate is uniform and maximum.  

In order to investigate the effect of positional parameters h and r, a sheet of   brass 

specimen of size 80 mm x 80 mm x 1mm was subjected to SFBM with initial roughness 

Ra 1.2 µ. The machining was performed under the standard operating conditions of 

superficial velocity of 4.11 m/s and SiC abrasives of mass 1.2 kg machined with MS: 

20 abrasives for 2 hours. The work piece was placed at an angle of 200 as shown in 

figure 4. The pattern of the Ra values observed at different locations marked on the 

specimen as reported in Table 1 shows that the most ideal location for effective 

machining is at a height of 50-130mm from the bottom of the cylindrical container and 

at a radial distance of 1/3rd (0.1r-0.3r) of radius as measured from the cylinder wall. A 

maximum variation of 0.14µ in surface roughness is observed within this region. The 

metal removal rate and  hence the surface finishing  in terms of Ra values are lower on 

the bottom region(< 50mm) which is mainly due to the weak component of  particle 

velocity causing fluidization. At higher locations (>130 mm) the swirling component 

of particle velocity become weaker and hence results in poor machining performance. 

Since the particle velocity as well as particle concentration is a function of radial 

distance within the cylindrical container, the region closer to the periphery of the 

container wall will record the maximum values. The slight variation   in values of these 

parameters along the radius can be successfully overcome by providing rotation of the 

work piece. 

The third experiment investigated the effect of work piece inclination (ϴ) on metal 

removal for which another specimen of brass of the same size was subjected to SFBM 

under standard operation conditions as in the previous experiment.  The findings from 

the experimental results (Figure 5) show that metal removal rate is higher at 15-20 0 

which obviously are in agreement with the observations of R. K. Jain and V. K. Jain 

[6].  
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Figure 4. Work piece positioning within the container and the top view of container 

while machining 

 

Table 1. Location wise roughness variation on the specimen  

Height  Roughness Ra, µ observed  

h mm o.1 r 0.2 r 0.3 r 0.4 r 

150 0.75 0.84 0.86 0.96 

130 0.69 0.73 0.78 0.81 

100 0.64 0.7 0.76 0.84 

80 0.7 0.69 0.73 0.8 

60 0.66 0.74 0.76 0.93 

40 0.8 0.89 0.89 0.86 

 

 

Figure 5. Effect of work piece inclination on metal removal 
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(a) 

 

 

(b) 

 

Figure 6. Metal removal (a) and surface finish (b) varying shape factor and type of 

abrasives 

 

For analyzing the effect of the shape factor and the type of abrasive materials on 

abrasive wear and surface roughness, two different types of abrasives of varying 

hardness such as silicon carbide (2300 HV and shape factor 0.67) and SiO2 (900 HV 

and shape factor 0.95) were used to machine the brass specimen.  The machining time 
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was fixed to 11 hours with a superficial velocity of 4.11 m/s. Machining with SiC (MS: 

16) results in poor surface finishing quickly whereas round glass beads of SiO2   causes 

good surface finish but with prolonged machining. As displayed in figure 6a and 6b, 

experimental outcome clearly demonstrates best performance in terms of lower metal 

wear and higher surface finish in the case of glass beads with rounder shape factor 

(0.95) in comparison with shape factor (0.67) of silicon carbide. The effect of type of 

abrasives is inconsequential due to the huge disparity in hardness between the abrasives 

and the material of specimen. The underlining fact is that   the shape factor of the 

abrasive materials can play significant role on the momentum of surface modification. 

The particles with low shape factor possess sharp multiple edges, have tendency to slide 

along the work piece surface which attribute mainly to faster metal removal compared 

to rolling action of the rounder abrasives with high shape factor. Abrasive particles with 

round shape, give rise to more accurate levels of surface finishing but a more expensive 

process due to the longer machining time.  

 

CONCLUSIONS 

In continuation with the previous work on SFBM, this study conducted to investigate 

the significance of various process parameters such as work piece positioning, material 

properties, abrasive concentration and abrasive type and shape factor on the machining 

performance. The following are the conclusions  

 Various regimes in SFBM in the cylindrical container were discussed and the 

optimum abrasive particle concentration was estimated. It can be concluded that 

the metal removal is maximum at a height of 70 mm-150mm with particle mass 

ranging from 0.9 to 1.2 kg. 

 Optimum metal removal was reported when the work piece placed    at 15-200 

at a height of 80-150 mm and at 1/3rd of radius measured from the container 

wall. 

 Abrasives with round shape (high shape factor) generate  better surface finish 

utilizing  more machining time compared to that with  lower shape factor which 

can result in faster MRR 
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