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Abstract 

Abrasive Flow Machining (AFM) is the method of finishing complex surfaces and internal 

channels with the help of extrusion pressure and abrasive-laden viscoelastic polymer media. 

This paper is based on developing a new AFM media using a natural waste polymer as a base 

material. In the article, a natural polymer media viz. rice husk ash-based media has been 

developed, and subsequently, rheological analysis has been done, and experimentation has 

been performed on Anton-paar® rheometer to optimize the viscosity of these newly 

developed AFM media. In this research study, the hollow elliptical shape of ABS 

(acrylonitrile-butadiene-styrene) material was manufactured using the FDM technique and 

then finished with a one-way AFM machine. This paper examined the parametric 

dependencies of AFM process parameters on finishing FDM printed hollow elliptical parts. 

The improved surface roughness of the FDM printed hollow elliptical parts has been 

investigated relating to the AFM process parameters. The maximum surface roughness has 

been achieved by 95.98%.  

Keywords: Abrasive Flow Machining (AFM), AFM Media, Viscosity, Viscometer, FDM 

Printed Parts, One-way AFM machine.  

Introduction 

For the last few decades, industries have been utilizing conventional and non-traditional 

finishing procedures, such as honing, lapping, and grinding, etc., to acquire the desired 

finishing of the machining elements. However, these conventional methods are restricted to 

be done on some particular geometries and are non-applicable to intricate geometric profiles 

to do high-level finishing, which is desired during the process. Limitations of the 

conventional finishing approaches lead to the production of progressive and developed 

finishing procedures, such as Abrasive Flow Machining (AFM) (Kumar and Hiremath, 2016).  
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 AFM is considered to be the non-traditional procedure having extensive applications in 

surface refinement, precision deburring, radioing, as well as amputation of recast layer (Perry 

and Stackhouse, 1989; Sudhakara, Suresh, and Vinod, 2020). AFM has the potential to 

efficiently polish the intricate geometries that are difficult to access. The process of AFM 

comprises the tooling, machining, as well as abrasive media (Rhoades, 1991), where the 

machine possesses two media cylinders placed opposite to each other and are processed via 

"power pack assembly." Tooling crutches workpiece strongly at the time of the machining 

process and makes the "abrasive media area" to be complete on time. Furthermore, abrasive 

media, which is the amalgamation of abrasive particles and polymer-based, is utilized as the 

finishing tool (Singh and Sankar, 2019). Here, in this process, the abrasive media is forced 

out via a small restricted passage present between the tooling and workpiece, resulting in 

work surface abrasion (Sankar et al., 2019). The material removal is done using three distinct 

modes such as micro-plowing, free rubbing, and micro-cutting (Kum et al., 2020; Dixit, 

Sharma, and Kumar, 2021c). The new surfaces in the abrasive machining process are created 

by random attacks of the abrasive elements over the irregularities that lie on the work surface 

(Walia, Shan, and Kumar, 2009; Ali et al., 2020). The extrusion pressure that is applied using 

the hydraulic cylinders generates the normal force as well as the "axial force" on the abrasive 

elements. Furthermore, the normal force pierces the abrasive over the workforce while the 

axial element offers the axial movement to that of the penetrated abrasive and eradicates the 

substance from that of the work surface (Lin et al., 2020). In ductile materials, "micro-

ploughing" and micro-cutting phenomena occur together; however, the micro-cutting process 

is considered to be more prevailing in bitter materials.  Parametric analysis and study of the 

AFM process are considered to be the most substantial domain of exploration in AFM. This 

process of AFM responses such as micro-hardness, surface finishing, material removal, 

wettability, as well, as residual stress is impacted by several inter-dependent factors and 

parameters such as "media-based," "machine-based," or "variant-based." The media-based 

parameters are done more commonly in AFM and its various variants. Jayakumar et al. have 

investigated the mechanical properties of 3D printed PLA parts. The authors have analyzed 

the effect of printing process parameters effect i.e.infill, density (%), Nozzle temperature (º), 

and print orientation (N et al., 2021). Mohamed et al. have investigated the effect of layer 

thickness, infill density, and build orientation on fabrication time and material consumption 

during the fused deposition modeling process. The authors have optimized the process 

parameters using the response surface methodology (RSM) technique (Mohamed et al., 

2015). Kumar et al. have analyzed the tribological behavior of 3D printed ABS parts using a 
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pin on disc wear set-up. The authors have optimized the 3D printing process parameters for 

minimum wear conditions using the RSM technique (Kumar et al., 2021). (Arivazhagan et 

al., 2021) have used 3d printed patient-specific bone models of leg and ankle foot from 

medical images by processing “Digital Imaging and Communications in Medicine (DICOM)” 

files for anatomy education. The authors have 3d printed the bone model using ABS material 

from the 3D model obtained from the image processing. 

The stair-stepping/stair-casing effect is the most common phenomenon that occurs during 

layer manufacturing, i.e., additive manufacturing process, as shown in figure 1, which causes 

the surface roughness in the additively manufactured parts. The various researchers proposed 

post-processing techniques to avoid these effects and improve the surface quality of 

additively manufactured parts (A.W. Hashmi et al. 2020).  

 

Figure 1. Stair-stepping/Stair-casing effect occurs in the additive manufacturing process. 

1.1 AFM Media Development 

Baraiya et al. (Baraiya et al., 2020) utilized silicone rubber having additives along with pure 

silicone as base material to create the abrasive media. It was found that silicone rubber having 

the additives mixed in it possesses higher viscosity as compared to pure silicone and provided 

a good finishing performance. Authors (Dixit, Sharma, and Kumar, 2021c) have claimed that 

abrasive media is composed of Polyboronorgano compound hydrocarbon oil as well as 

metallic soap gel. Here the polymer was ready by reacting silicon oil with that of boron 

element within the catalyst of Lewis acid, and then it was heated. Here, the Ammonium 

carbonate was utilized for acid neutralization. In the final step, abrasive media was ready by 

combining the abrasives, gel, and polymer together in a specific amount.  Rajesha et al. 

(Rajesha et al., 2010) created a "natural polymer-based abrasive media" that was of low cost 

and was sustainable. Natural polymer-based media comprised naphthenic processing oil, an 
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ester-based polymer, and silicon carbide abrasive. "FTIR spectrum" presented that polymer 

media possesses the desired alkenes and that of the ester group explained the "elastic nature" 

of the polymer media. The thermal investigation showed that media of natural polymer had 

the potential to bear a temperature of around 71℃, which was very high than the actual 

working range of AFM. In (Dabrowski, Marciniak, and Szewczyk, 2006), Dabrowski et al. 

developed the electrochemical variation of AFM by joining the AFM and ECM processes. To 

acquire the electrochemical effect, the authors developed and used the electrolytic abrasive 

media. The conventional polymer, in this case, was replaced by "poly (glycol and ethylene 

glycol)" that also behaved as the "electrolytic polymer." These polymers transport the 

abrasive elements and alleviate the material from that of work material owing to anodic 

dissolution.  In (Jha and Jain, 2004), authors have generated the MRAFF process by merging 

AFM and MRF processes. Magnetorheological finishing operation has been developed for 

the MRAFF process by making use of mineral oil, grease, SiC, and CIP. Here, CIP took the 

shape of the columnar structure with an "applied magnetic field" and assisted in regulating 

the media rheology. The developed media acted as the "Newtonian fluid" without the 

magnetic field and as "Bingham plastic" with the magnetic field. Hydrogels possess the 3D 

cross-linked structure that is designed for the cross-linked polymer chain. They hold a huge 

amount of water and are hydrophilic (Dixit, Sharma and Kumar, 2021b, 2021a). Here, the 

author has investigated the thickening conformation of the guar gum, xanthan gum as well as 

starch. The viscosity of these components was marked as better than that of the individual 

elements/ constitutes. A guar-gum-based media for the AFM procedure has been developed 

in (Wei, Gao, and Wang, 2019), where the mixture of boric acid and borax was used for the 

media preparation. This paper presents the experimental investigation of a viscosity of newly 

developed natural polymer-based media to finish the FDM printed hollow elliptical surface 

using a one-way AFM process. The newly developed AFM polishing media uses rice husk 

ash as a base material, waste vegetable oil as a carrier liquid, gel (aloe barbadensis 

mill,cyamopsis tetragonoloba powder, and glycerin ) as additives. The AFM media viscosity 

and AFM process parameters have been investigated and selected for maximum improvement 

of material removal rate (MRR) and surface roughness (ΔRa). The researchers have 

investigated the mechanical properties of briquette prepared using rice and micrometer-sized 

carbon particles from potato and yam skins for sustainable utilization of organic waste 

materials (Anggraeni et al., 2021).   For the AFM process, there occurs the development of 

several abrasive media as shown in figure 2, which are described below: 
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Figure. 2. Development of Abrasive Media 

Materials and Methods 

A hollow elliptical shape is designed with 50 mm length, 19.8 mm inlet diameter, and 7.2 

mm outlet diameter using Autodesk® fusion360 Software. After designing the hollow 

truncated cone, It is 3D printed with acrylonitrile butadiene styrene (ABS) material using an 

FDM machine. CAD model and cross-sectional view of hollow elliptical design are shown in 

figure 3. The hollow elliptical shape was fabricated using the "Aha 3D" manufactured 

desktop 3D printer of the Protocenter 999 model, as shown in figure 4 (a). The samples of 

hollow elliptical shapes fabricated using the above-mentioned 3D printer are shown in figure 

4 (b)—design and fabrication of one-way AFM. The AFM fixture has been designed to hold 

and support the hollow truncated cone shape using Autodesk® fusion360. The AFM fixture 

is designed in two parts: the top fixture and the bottom fixture, as shown in figure 5 (a). This 

fixture is also fabricated using "Aha 3D" desktop 3d printer of the Protocenter 999 model, as 

shown in figure 5 (b). The one-way AFM machine has been employed to finish the FDM 

printed hollow truncated cone's internal surface. The used one-way machine set-up for 

finishing operation is shown in figure 6. 
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Figure 3. CAD model of the hollow elliptical shape. 

                               
                                (a)                                                                      (b) 

Figure 4. (a) "Aha 3D" desktop 3d printer of Protocenter 999 model (b) FDM printed 

samples of the hollow elliptical shape. 

            
(a)                                              (b)  

Figure 5. (a) Assembly of one-way AFM fixture, (b) FDM printed one-way AFM fixture. 

 

Figure 6. one-way AFM machine set-up. 

Development of Environmentally friendly and sustainable AFM (EASAFM) media 

The significant factor that can influence the finishing in the AFM process is abrasive 

polishing media. In this experiment, a new environment-friendly AFM media have been 
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developed using a rice husk ash as base material, waste vegetable oil as liquid synthesizer, 

gel (aloe barbadensis mill,cyamopsis tetragonoloba powder, and glycerin ) as an additive, 

silicon carbide (SiC) as the abrasive. This newly developed AFM media is known as 

EFSAFM. The gel has low flow property and does not stick on the workpiece surface after 

contact so that the suitable abrasive media in AFM and the workpiece are polished 

consistently utilizing this kind of gel.  

Selection of media Base and additives 

A base material abrasive and additive is mixed in the AFM media, separately by varying 

abrasive and liquid synthesizer concentrations. Those all possible media bases are base 

material as a rice husk ash, waste vegetable oil as liquid synthesizer (%30, %40, %50),  SiC 

as abrasive particles (%120, %220, %320),  and gel (Aloe Barbadensis Mill, Cyamopsis 

Tetragonoloba Powder and glycerin) as additives. 

Procedure 

The SiC abrasive is blended in the gel by a blender machine. So as to get a consistently 

blended media, waste vegetable oil added to the gel in the process begins. Finally, the 

abrasive media is placed into the hopper, and the workpiece is fixed in the tooling and 

machined utilizing the alternating back and forth cycles through the tooling.  

Synthesis Method 

The media composition at that time it is challenging to measure the percentage of all content 

that is mixed on it. The selected media composition one by one and varying the concentration 

of all the contents for exact concentration. This selection is based on changing the media 

property, abrasive concentration, viscosity of media.  
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The first step here is to measure all the quantities needed based on the abrasive concentration 

and take rice husk ash powder and gel mixing through a mixer machine. Now the base 

material is ready to mix SiC abrasive and waste vegetable oil liquid synthesizer with rice 

husk ash powder and gel. The steps of synthesis are shown in figures 7 and 8. 

 

Figure. 7.  A synthesis method of AFM media (Rice husk ash+ Gel+ Oil + SiC 

%120,%220,%320). 

                       

Figure 8.  Rice husk ash-based waste natural polymer-based media Samples. 

Design of experiments and optimization of media variables for rheology study 

AFM Media is prepared by mixing rice husk ash as base material, waste vegetable oil 

(groundnut oil) as carrier medium, and gel (Aloe Barbadensis Mill, Cyamopsis 

Tetragonoloba powder, and glycerin) as additives. The rice husk ash-based AFM finishing 

media were prepared to optimize the media viscosity for finishing FDM printed ABS parts. 

While preparing the AFM media, three factors were considered: % abrasive concentration, 

Abrasive mesh size, and % liquid synthesizer with respect to Taguchi L9 orthogonal 

experimental design. The percentage of abrasive concentration as 33, 50, 67, Abrasive mesh 
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size as 120, 220, 320, and percentage of the liquid synthesizer as 30, 45, 60, as shown in 

figure 9. Process levels and parameters for the experimental design are shown in table 2.  

Table 2: Experimental design (Media-2 Paper-pulp based media) 

Factor & Symbol  Level 1 Level 2  Level 3 

Abrasive mesh size (A)  120 220 320 

% Abrasive con. (B) 33 50 66 

% Liquid synthesizer (C)  30 40 50 

The nine samples of rice husk ash-based AFM media is prepared for the rheology study of 

media are shown in figure 9. 

 

Figure 9. Samples of rice husk ash-based AFM media. 

The viscosity responses of rice husk ash-based AFM media are shown in table 3. 
 
Table 3. The Plan of experiment and experimental results for the viscosity of EFSAFM (Rice 

husk ash-based AFM media) 

S 

No.  

Abrasive Mesh 

Size 

% Abrasive 

Concentration 

% Liquid 

Synthesizer 

 Viscosity (Pa-

Sec) 

1 120 33 30 2.50 

2 120 50 40 2.80 

3 120 67 50 3.10 

4 220 33 40 2.90 

5 220 50 50 2.20 
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6 220 67 30 2.58 

7 320 33 50 2.40 

8 320 50 30 2.68 

9 320 67 40 2.80 

Upon experimental design analysis using minitab19 statistical software, it can be reported 

from the main effects plot for SN ratios for larger is better, as shown in figure 10, that the 

most influential AFM media parameter is liquid synthesizer followed by the percentage of 

abrasive concentration, and abrasive mesh size which affects the media viscosity. Here, the 

concentration of media was 120 mesh size, 67% abrasive concentration, and 40 % liquid 

synthesizer within the considered range. 

                        

Figure 10.  Main effects plots for SN ratios of AFM media viscosity. 

Results and Discussion 

The 3D printed samples of the hollow truncated cone are manufactured to be investigated the 

one-way AFM process parameters. The improvement of surface roughness was measured 

using Taylor Hobson's Talysurf® PRO surface roughness tester. In this study, the effects of 

AFM process parameters, i.e., media viscosity, layer thickness, and finishing time, are 

evaluated. An experimental design of Taguchi L9 orthogonal array was designed using 
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Minitab 19 statistical software to analyze the AFM finishing process parameters. Table 3 

shows that three process parameters like media viscosity, layer thickness, and finishing time 

are considered as control factors for the experimentation.  

Table 3. Process Parameters and their levels for experimental design (finishing of FDM 

printed hollow truncated cone shape) 

Parameters  Level 1 Level 2 Level 3 

Media viscosity (Pa-sec) 2.50 2.80 3.10 

% Layer thickness 0.1 0.2 0.3 

Finishing Time (Min) 30 45 60 

Each parameter has a 3-levels, namely,  low, medium, and high. The % improvement of 

surface quality, i.e., reduction in Ra of FDM printed hollow truncated cone shape, is shown in 

table 4. 

Table 4. Design for experimentation of surface improvement on FDM printed hollow 

truncated cone shape 

S. 

N. 

Media 

Viscosity  

(Pa-sec) 

 

Layer 

Thickness  

(mm) 

Finishing 

Time (Min.) 

Initial Surface 

Roughness  

(Ra in µm) 

Post finishing 

Surface 

Roughness  

(Ra in µm) 

% Improvement 

in (ΔRa)  

1 2.5 0.1 30 16.40 11.66 30.77 

2 2.8 0.2 45 23.20 14.70 38.28 

3 3.1 0.3 60 27.20 14.68 47.78 

4 2.5 0.2 60 22.50 11.80 49.76 
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5 2.8 0.3 30 29.20 15.23 49.53 

6 3.1 0.1 45 15.50 4.20 77.93 

7 2.5 0.3 45 28.60 8.26 73.69 

8 2.8 0.1 60 14.60 6.26 61.32 

9 3.1 0.2 30 21.93 0.88 95.98 

The data analysis of the above experimental design of finishing process using minitab19 

statistical software can be reported from the main effects plot for SN ratios for improvement 

of surface roughness keeping the ratio larger is better, as shown in figure 11, that the most 

influential finishing parameter is media viscosity followed by the finishing time and layer 

thickness. Here, the optimum parameters were observed at the 3.1  pa-sec media viscosity, 45 

min. of finishing time and 0.2 layer thickness. 

             

Figure 11.  Main effects plots for SN ratios of finishing of FDM printed parts. 
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Effect of media viscosity: AFM media viscosity is the main influential parameter during 

finishing FDM printed hollow truncated shape. As the improvement of surface roughness is 

increased by increasing the AFM media viscosity. It has happened because increased 

viscosity increases the shear force during the finishing operation. 

Effect of finishing time: Finishing time is the second most influential parameter during 

finishing FDM printed hollow truncated shape. As the improvement of surface roughness is 

increased by increasing the finishing time up to the optimum value of 45 min.  It has 

happened because increased finishing time at optimum level reduces the surface roughness 

increases at maximum level. After the optimum level of finishing time, the reduction surface 

roughness was fixed at maximum percentage improvement. 

 Effect of layer thickness: Layer thickness of FDM printed parts is the third least influential 

parameter during finishing FDM printed hollow truncated shape. As the maximum 

improvement of surface roughness was found at 0.2 layer thickness of the workpiece. It is 

because of the influence of the initial value of surface roughness. 

Conclusions and Future Scopes 

The present experimental investigation study has opened the path for a better understanding 

of the AFM process's parametric dependence on improving surface roughness of FDM 

printed hollow truncated cone shape. The optimization of media viscosity is the essential 

parameter during the internal finishing of the FDM printed hollow truncated cone surface. 

The optimum viscosity was found at the following constituents of AFM finishing media: 120 

abrasive mesh size, 67 percent of abrasive concentration, and 45 percent of liquid synthesizer. 

The experimental investigation of the one-way AFM process is showed that media viscosity 

and finishing time are the most influential process parameters. The maximum improvement 

was found at the following process parameter of one-way AFM: 3.10 Pa-sec media viscosity, 
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30 min. of finishing time, and 0.2 layer thickness of the workpiece. The initial surface 

roughness was reduced from 21.93µm to 0.88 µm by 95.98% improvement. To further 

understand, model, and simulate the AFM process to finish FDM printed parts, the flow of 

AFM media may be examined using the computational fluid dynamics simulation technique 

to investigate the flow characteristics of AFM media.  
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