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Abstract- Abrasive flow machining is a process to deburr, polish and radius difficult-to-reach surfaces. In this process 
small quantities of work material are removed by flowing semi-solid, abrasive dispersed putty (for sealing glass) or 
dough under pressure through or across work piece material. Number of cycles, Extrusion pressure, flow volume, grit 
size, media, and work piece geometry are the prior machining parameters that improve the surface finish properties. 
Recently majority of researchers are focusing to create hybrid processes by merging abrasive flow machining process 
with other non-conventional processes. By implementation of hybrid processes materials with complicated shapes 
which are difficult to machine have been possible. It finds application in modular head of hip joint, extrusion die, 
aerospace, pharmaceutical and automobile industry. This paper presents the past research on different developments 
in hybrid AFM processes, different rheological properties of abrasive flow machining medium, findings of different 
process parameters and also review the finishing results of various materials such as brass, aluminum and mild steel. 
This paper also gives directions to the future aspects of abrasive flow machining by including organic abrasive laden 
media which will be beneficial to protect our environment.  
_____________________________________________________________________________________________________ 
 
1. Introduction 
The necessity for good accuracy and high efficiency machining of difficult–to–machine materials is making the application of 
abrasive finishing technologies very important. The high labours, non controllable area in making of precision parts includes 
final machining operations. The surface finish cost rises suddenly for a roughness value of less than one micron. The result of 
high quality finish on the parts is improved performance and considerable rise in life of components. Moreover components 
with complex geometries and inaccessible areas are increasing these days and therefore conventional machining processes 
cannot be used for finishing complex components due to their certain limitations. The capabilities of different abrasive 
finishing processes are shown in table 1 (56): 

Table 1: Comparison of different abrasive finishing processes 
S.NO. PROCESS 

FEATURES 
LAPPING HONING MAF AFM 

1. Surface finish 
(mm) 

0.025-0.1 0.25-0.5 0.04 0.05 

2. Dimensional 
tolerance 
(micron m) 

0.5  0.5-1.25 0.5    5.0  

3. Material 
removal 
(mm) 

<0.0025  0.061-0.183 0.002-0.007 0.008-0.010 

4. Pressure 0.01 -0.2  
N/sq.mm2 

1 -3  
N/sq.mm2 

0-77.0 
Kpa  
 

0.69-22.0 
MPa 

5. Abrasive 
product 
type 

Mixture of 
abrasive 

and liquid 
vehicle 

Bonded 
abrasives 

Abrasives are 
mixture of 

ferromagnetic 
particles and 
conventional 

abrasive grains 

Abrasive laden 
media 

composed 
of viscoelatic 

carrier and 
abrasive grains 

6. Work 
surface 
configuration 

Flat, 
cylindrical, 

and 
spherical 
surfaces 

For Cylindrical 
surfaces 

Flat and 
cylindrical 

surfaces 

Difficult to 
access 
areas 

and complex 
geometries 

 
Due to these complications it will lead to development in abrasive flow machining process: 
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The basic thought of AFM or abrasive finishing processes is to make use of huge number of cutting edges with vague 
orientation and geometry for the successful taking off of material with small size chips than those acquire through machining 
using tools which have cutting with defined edges. Because of less thick chips produced by abrasive finishing, it allows good 
surface finish, closer tolerance, and creation of good surface features and machining of harder and materials which are difficult 
to machine . Basically it contains three main parts namely machine structure, AFM Tooling and Abrasive laden media.  The 
abrasive media is passed through the path formed by the work-piece and tooling with the help of hydraulic pressure system 
employing hydraulic actuators. Abrasion happens when the abrasive media enters and passes through the most restricted path. 
The media act as a self-deformation abrasive medium with good fluid properties and viscosity so the cutting tools are flexible 
(1). AFM machine has two media cylinders and also two hydraulic cylinders. The piston pressurizes the medium in the 
cylinder in a forward direction and extrudes it through the work-piece into the other cylinder. Consequently, the medium 
rubbing the work-piece in the work holder and fixture. The extrusion direction is reversed and combination of these front and 
back strokes completes a process cycle. Fixture is made of steel, urethane, aluminium, nylon, Teflon, or a combination thereof. 
AFM medium contain mixture of abrasive particles, viscoelastic polymer and additives such as oil to modify the base polymer 
to get the good flowability and rheological properties of the media. 
 
1.1 Types of AFM: 
AFM is of following four types according to the structure arrangements and different flow of medium: 

• One way AFM (Fig.1a): In this media is pushed in one direction and after extrusion collect at exit and insert again. 
• Two way AFM (Fig. 1b): In this media is pushed between two opposite cylinders back and forth and the work piece 

is inserted between them. 
• Orbital AFM (Fig 1c): In this small orbital vibration are provided to work piece in transverse direction. 
 

 
(a) One way AFM                                        (b) Two way AFM 

 
(c) Orbital AFM 

1.2 AFM Process Parameters 
To get the desired surface finish and material removal rate the process parameters should be carefully selected so to get the 
optimal result. In literature survey we will find out the process parameters and classified in three categories which are given 
below: 

• Parameters controllable by the machine: Extrusion pressure, No. of cycles, media flow volume and media flow speed. 
• Parameters controllable by the media: abrasive type, abrasive grain size, shape and concentration and media 

viscosity. 
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• Parameters controllable by the tooling: type of passage, the length of the passage, cross-sectional area, initial surface 
roughness.  

 
Figure 2: Fishbone diagram for AFM input process parameters (5) 

 
1.2.1 Machine related parameters: 
• Extrusion pressure: It is force per unit area in contact in overcoming friction between media cylinder and piston and is 

provided power both hydraulically and mechanically. It is observed that improvement in material removal at high pressure 
tends to stabilize due to localize rolling of abrasion particles (60). 

• Flow rate: It is the volume of media flowing per unit time and depends upon viscosity of media and pressure. It is 
observed that the flow rate of media influences both surface roughness and material removal (56). 

• Volume of media: It is the quantity of media filled in media containing cylinder and it is found that if flow volume is 
constant, the flow rate of media is unimportant to be worth consideration with regard to material removal (63). 

• Number of Cycles: one forward stroke from starting point and backward stroke back to initial point constitute one cycle 
and to achieve high surface finish it is important factor. It has been observed that during initial cycles there is 
improvement in both surface finish and material removal rate due to sharp cutting edges and also that in some initial 
number of cycles the abrasion is more pronounced after that improvement in surface finish get stabilized or even reduce in 
some cases. (57, 63). 

 
1.2.2 Media related parameters: 
Media viscosity, Temperature and abrasive (size, type and concentration) are the medium-related parameters that affect 
abrasive flow machining process performance. 
• Type, size and concentration of abrasive particles: Abrasive particles used in AFM depend upon the type of material used 

and finishing requirement. Generally used abrasives are silicon carbide, aluminium oxide, carbon boron nitride and 
diamond.  Particle size varies from 0.005 mm to 1.5mm and smaller size provides better surface finish and accessible to 
smaller holes while large size cut at faster rate (22).  Ratio of abrasive particle to base material should vary from 4:1 to 
1:4 but the most suitable ratio is 1:1. With increase in media abrasive concentration, material removal increases while the 
surface roughness value becomes smaller (61). Particles permits the media to sustain larger cutting force at a higher 
concentration of abrasive and when media viscosity falls, the abrasive particles is likely to remain in suspension within 
the media (53). 

• Viscosity of media:  viscosity depends upon polymer type used and amount of blending oil and gel. Higher viscosity 
means higher strength and thus more material removal rate while lower viscosity means low strength and thus reduce 
material removal rate. It was found that the difference could be nearly 300 times in material removal capacity of least 
viscose media and media with most viscous (60). The viscosity of media decrease with temperature and increases with 
the percentage concentration of abrasives (55). 

• Temperature: It has been observed that temperature has most impact on rheological properties. With increasing 
temperature the media viscosity decreases continuously and with rise in temperature of media the rolling tendency of 
abrasive particles increases and with this work efficiency lowered (6). 
 

1.2.3 Work piece related parameters: 
• Initial surface condition: Work piece initial condition is an important consideration in AFM because if there are more 

variations material removal rate is more and surface finish is less due to at start abrasive particles comes in contact with 
high peaks and flattens them. Also reported that nature of surface created by AFM process is differing from surface 
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produced by other processes. Type of prior machining process carried out on the work-piece also affects the improvement 
in surface finish by AFM. Wire EDM surface was found more suitable for finishing by AFM (59). 

• Work piece material type: AFF has been used for finishing both metallic and non-metallic materials. It has been observed 
that finishing of softer materials gives poor surface finish but material removal rate is more than finishing the harder 
materials. This is due to larger abrasive particles indentation in softer materials as compared to harder materials. 

A brief description of some important process parameters of AFM is as follows 
Author Material Method Input parameter Output 

parameter 
Abrasive Media 

Williams(1992) AISI4140 SEM 
DDS & SAS 

Extrusion pressure, 
media viscosity, 

,number of cycles 

Material 
Removal 
,Surface 

finish 

Medium high 
viscosity with SiC 

Jain &jain 
(1999) 

Mild steel 
(0.25%) 

Response 
surface analysis 

Extrusion pressure, 
abrasive mesh size, 

abrasive 
concentration, 
initial surface 

roughness 

Surface 
roughness 

 
 

________ 

Rajendra et 
.al(2000) 

Aluminium ALM & GA ____________ ________ Mixture of putty 
and SiC particles 

Jain et.al(2001) Brass and 
Aluminium 

________ Abrasive 
concentration 

,Abrasive grain 
size, Medium 
temperature 

Material 
removal rate, 

Surface 
roughness 

Bingham Plastic 

Sehijipal 
et.al(2002) 

Brass RSM and DOE Magnetic flux 
density, volume 

flow rat, Number 
of cycles, Abrasive 
grit size Reduction 

ratio 

M removal 
rate, Surface 

roughness 

Silicon based 
Polymer. 

Hydrocarbon gel 
and abrasive grains 

Gorana et 
.al(2003) 

Mild steel SEM & DOE 
 

Extrusion pressure, 
Grain size, 

abrasive 
concentration 

Cutting 
forces(axial 
and radial) 

MR reduction 
in surface 
roughness 
and active 

grain density 

Silly putty (Dow 
corning 3179 

dilatant compound 
)with SiC 

Jain et.al(2006) Mild steel _______ Extrusion pressure, 
Abrasive 

concentration 
,Abrasive mesh 
size, initial work 
piece roughness 

Surface 
roughness 

Mixture of silly 
putty and SiC 

Sunil et.al(2007) Stainless steel ________ Extrusion pressure, 
Number of cycles 

Surface 
roughness 

Carbonyl iron 
powder and silicon 

carbide powder 
dispersed in 

viscoplastic base of 
grease 

Fang et.al(2009) AISI1045,1080 
AND A36 

Steels 

CFD Software, 
Fluent 6.3 & 

Mooney 
viscosity meter 

Number of cycles 
Media viscosity 

MR, Surface 
roughness 

Boron Carbide 
abrasive particles 

and silicone rubber 
with different 

viscosity 
B.S.Brar(2012) Brass Taguchi 

Method L8 
Helical drill bit, 

Extrusion pressure, 
No. of cycles, 

media 
Flow rate 

MR, Surface 
roughness 

Electrolyte-
abrasive laden 

media 

N.L.Ravi Kumar 
et.al(2012) 

C/C  
Composites 

SEM(Scanning 
electron 

Abrasive mesh 
size, 

Surface 
roughness 

SBR as carrier ,Sic 
as abrasives and 
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microscope) Extrusion pressure, 
No. of cycles, 

media 
Flow rate 

hydraulic oil 

H.Gao 
et.al(2013) 

DF-101S 
Titanium alloy 

Surface 
topography 

Processing time, 
abrasive particle 
size, Extrusion 

pressure 

Surface 
roughness 

SBR 

Junye li (2014) Nozzle part in 
fuel 

system(non 
linear tube part 

SEM Extrusion pressure, 
Abrasive thickness, 

particle size, 
processing time 

Surface 
roughness 

Aviation oils such 
as Kerosene, 
silicone and 

triethanolamine 
and then adding 

SiC powder 
G.Venkatesh 

(2014) 
EN8 Finite element 

simulation of 
bevel gears 

using UAAFM 

Ext. pressure, 
ultrasonic 
frequency, 

processing time, 
media flow rate 

MR 
&Surface 

finish 

Natural Polymer 
mixed with SiC 

abrasive particles 

Rahul Vaishya 
(2015) 

Yellow Brass Taguchi 
Method 

Voltage salt molal 
conc. RPM, no. of 
cycles , Extrusion 

pressure 

MR Electrolytic 
abrasive laden 

media 

Sonu Kumar 
(2016) 

Cast iron CNT produced 
by CVD 

Process and 
characterization 

by TEM 

Extrusion pressure, 
Viscosity of media, 

Media flow rate 

MR 
&Surface 

finish 

Alumina with CNT 
in viscoelastic 

medium 

Mohammad Ali 
Marzban &Seyed 

Jalal Hemmati 
AFRM(2016) 

 
 

_______ 

Taguchi 
Method 
ANN 

Time pressure, 
Spindle speed 

abrasive grain size 
abrasive 

concentration, 
initial surface 

roughness 

MR 
&Surface 
roughness 

 
Abrasive paste 

Fengu Sun 
et.al(2017) 

Non linear 
tube nozzle 

Single factor 
test design 

Concentration of 
abrasive, particle 
size of abrasive 
,viscosity grade, 
processing time 

Roughness Self developed 
abrasive medium 

with SiC and 
hydraulic oil 

 
2. REVIEW OF PAST WORK ON MODELLING OF AFM PROCESS: 

            William and Rajkumar (16) found the ratio by a data-dependent model between mean surface roughness depths (Rz) to 
average surface roughness (Ra) is 1.4 to 2.2 in AFF process. They also proposed a method to estimate the amount of abrasive 
grain wear per stroke and number of dynamic active grains involved in cutting. 

 
Jain et al. (13) used a neural network for modeling and selection of optimum input Parameters of AFM process. Authors took 
input parameters as v is the flow speed of media, c the abrasive percentage concentration, d the mesh size of abrasives, and n 
the Number of cycles. They took output parameter as Material Removal Rate & Surface Roughness. By use of neural network 
author’s derived equation for Material Removal Rate and Surface Roughness, 

MRR = 5.285*10-7*v1.6949*c3.0776*d-0.9371*n-0.1893 
Ra = 282751.0*v-1.8221*c-1.3222*d0.1368*n-0.2258 

Also found that optimum condition for maximum Material removal & minimum surface roughness for Al material was flow 
speed of media = 85cm/min, abrasive percentage concentration by wt. = 44%, mesh size of abrasive = 101. 

 
Gorana et al. (67) studied the modes of work material distortion under the realistic condition of grain-work piece interface. 
The AFM results show that axial force, radial force, active grain density and depth of indentation, all have a considerable 
effect on the material deformation. The result suggested that focus should be taken while evaluating and interpreting the force 
acting on the single grain, followed by the grain depth of indentation which is used for estimating the mode of material 
removal. The experimental and theoretical results manifest that rubbing the mode of material deformation is dominated in the 
study while some evidence of the ploughing is also present. They conducted the scratching experiment to acquire basic 
knowledge of the action of abrasive grain on the material surface during the AFM process. 
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Jain et al. (68) describe optimization of process parameters of advanced finishing processes magnetic abrasive finishing and 
abrasive flow machining  those have ability to give surface finish up to nano-level, using real coded genetic algorithms (GA).  
 
3 REVIEW OF PAST WORK ON RHEOLOGICAL CHARACTERIZATION AND DEVELOPMENT OF AFM 
MEDIUM 
 
To reach desired surface finish and high material removal rate abrasive laden media is the most important factor. Abrasive 
laden media should be viscoelastic and non-Newtonian fluid. It should not be reactive and non corrosive. Some of the study of 
rheological properties of media and advancement are given below: 
 
The study of the change in the form and flow of matter, include elasticity, viscosity and plasticity is called rheology. The 
abrasive laden media used for AFM process possesses special rheological characteristics. This media consists of an organic 
polymer and a special hydrocarbon gel. The Psuedoplastic media of plastic used in AFM process has been indicated by some 
studies as (15, 55 and 16). 
Davies and Fletcher (14) carried out rheological investigations of polyborosiloxane media. It has been reported that with usage 
of media, the viscosity and pressure drop across the passage. This has been termed as shear history effect. Jain et al. (38) 
reported from the experiments that the viscosity of the media rises with the abrasive concentration and fall with the abrasive 
mesh size and media temperature. Cheema et al. (41) have classified all the used and developed media for the AFF processes 
into four categories namely (i) silicone-based (ii) rubber-based (iii) natural polymer-based and (iv )Based on polypropylene 
glycol and polyethylene glycol. Rajesha et al. (35) developed new media mainly consist of natural polymer mainly Easter 
group. Newly developed media was mixed with Naphthenic based processing oil to maintain desired viscosity and found that 
newly developed media withstood up to 710 c without changing its characteristics and with higher extrusion pressure and 
abrasive concentration there is improvement in surface finish and material removal rate.  Kar et al. (31, 34) try to develop new 
media so that finishing can be done at low cost. In this investigation natural rubber and butyl rubber with Sic abrasives and 
naphthenic oil was used. It was found that butyl rubber show better performance as compared to natural rubber based media. 
Also investigate different grades of rubber and done comparative study to develop new media. It was found that Styrene 
butadiene rubber gave the good improvement in surface finish followed by silicone rubber, ethylene propylene diene monomer 
rubber, butyl rubber, and natural rubber. Fletcher et al. (23) study the effect of temperature on mixture of polyborosiloxane 
and silicon carbide. They also studied the effect o thermal conductivity and heat transfer coefficient at the interface. It was 
found that abrasive concentration and temperature had more influence on the finishing than polymer type and mesh size. Tina 
Bremerstein et al.(2013) studied Rheological Behavior of SiC-Suspensions Used in Abrasive Flow Machining For the 
evaluation of deterioration of abrasive suspensions due to the process of abrasive flow machining, abrasive media were 
examined after varying processing times. By using rheological and granulometric characterization methods it has been shown 
that variations of rheological behavior and composition of the abrasive medium as well as of particle shape are responsible for 
the deterioration of the abrasive efficiency. A-Cheng Wang et al (2015)The purpose of this study was aimed at the evaluation 
of the mechanism of magnetic finishing with gel abrasive (MFGA), during which the performance of MFGA was compared to 
that of magnetic abrasive finishing (MAF). Of importance is that MFGA performs better than MAF based on the polishing-
efficiency criterion. Silicone gels, however, are semisolid polymer gels with deforming properties that are temperature 
dependent, ultimately influencing significantly the polishing efficiency in MFGA. Therefore, taking as examples cylindrical 
rods which were polished using silicone gels with different plasticities to determine the corresponding temperatures of 
abrasive media in the working area, this study evaluated the MFGA mechanism to elucidate the properties of silicone gels and 
attain both the finished effect and effective gel abrasives in MFGA to produce a highly efficient polished surface. Next, 
circulating effects of abrasive media were identified to ensure the efficiency in MFGA and establish the relation between the 
concentrations of abrasive media and circulating effects in the working area. Experimental results show that silicone gels with 
low plasticity produce high temperature of abrasive media in MFGA; high temperature of abrasive medium makes excellent 
circulating effects in the working area, inducing high material removal and fine surface roughness. A.C. Wang & S.H. Weng 
studied Abrasive flow machining (AFM) has excellent polishing effect in complex holes cut by wire electrical discharge 
machining (WEDM). The recast layers produced by WEDM can be removed when the abrasive media passes through the 
complex hole. Therefore, the media are the key elements that dominate the polishing behavior in AFM. However, commercial 
abrasive media are very expensive, and not every user can afford the prices. Lower-cost and effective abrasive media are 
developed to enhance the roughness of the WEDM surface in this research. Vinyl-silicone polymer (or silicone rubber) has 
good deformation and low flow effect; it can flow through the complicated holes easily. Moreover, the silicone rubber will not 
stick on the workpiece surface after machining. In this study, abrasive particles and silicone rubber are mixed uniformly to 
become the flexible media. Then a chain hole, cut by WEDM, is polished by these media in AFM. The abrasive medium with 
high viscosity has excellent deformation. It can easily polish the WEDM surface to a smooth finish. Furthermore, high 
abrasive concentration also has fine polishing result. In this research, the surface roughness decreases from 1.8 to 0.28 MRa 
after five machining cycles (with abrasive concentration 60% (wt.%)). In this case, the roughness improvement rate (RIR) 
reaches 84%. On the other hand, small abrasive sizes can produce smoother surfaces than large abrasive sizes. But the 
polishing time might be several times longer than that by large abrasive sizes. 
 
4. Development in Media    
           AFM media is the main factor which affects the performance and overall efficiency. AFM media due to its elastic 
nature deforms during the extrusion through the machining zone and acts as grinding tool. AFM is a combination of abrasive 
and the carrier which contains gels and oils. Gels are added to get the desired flowablitiy in the AFM media.  Attempts have 
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been made by researchers to increase the performance of AFM by developing better media. The chemical composition, 
rheological properties, and effect of temperature etc. of media are some constraints which also effect of performance of AFM. 
The most widely used AFM media are discussed below: 
 
4.1.1 Silicon based media 
           Rhoades (22) study the effect of viscosity on the finishing of a viscoelastic media. It was observed that high viscosity 
media better finish the larger passages by uniformly abrading the walls whereas the lower viscous media used for processing 
small passages. It was also found that media viscosity, extrusion pressure and passage dimensions affects the amount of 
abrasion and viscosity decreases with increase in temperature so passage range size of given media to be extended. For better 
surface finish smaller grit size of abrasive was used for processing.  Fletcher et al. (23) study mixture of polyborosiloxane and 
silicon carbide and the effect of temperature on it. They also studied effect of heat transfer coefficient at the interface and 
thermal conductivity. It was found that abrasive concentration and temperature had more influence on the finishing than 
polymer type and mesh size. Jain et al. (24) used a mixture of putty, abrasive particles (silicon carbide), and varnish oil and 
investigate the effect on brass and aluminium work pieces. It was found that percentage concentration of abrasive in the 
medium, followed by abrasive mesh size, number of cycles and media flow rate were the most dominant parameters. Also 
found that with increase in mesh size the value of material removal rate and surface finish decreases. Gorana et al. (25) study 
the effect of axial and radial forces during AFM by using dynamometer and media used for experimentation was a mixture of 
silly putty, silicon oil and abrasives. From experimentation it was found that extrusion pressure, abrasive concentration and 
grain size affect the cutting forces and active grain density and due to that reduction in surface roughness..  Singh et al. (29, 
30) used silicon carbide abrasive to finish aluminium-6061 alloy and also investigate the effect of different input parameters. It 
was found from analysis done by Taguchi and MINITAB software that Abrasive concentration is more significant factor, then 
no. of cycles and then abrasive mesh size for increase in surface finish. Singh also combine abrasive flow machining with 
magnetic field. In this investigation the media used was a combination of silicon based polymer, hydrocarbon gel and 
aluminium oxide abrasive particles with iron particles. Magnetic flux density was the only process parameter taken in this 
study and other parameters were kept constant. It was found that with increase in magnetic flux density the material removal 
rate and percentage improvement in surface roughness also increase. Virender et al. (28) studied the effect of extrusion 
pressure, number of cycles and abrasive particle size on EN-31 material work pieces. The abrasive media was a mixture of 
silicon based polymer, gel and aluminium oxide abrasives. Fixture used was made of Teflon. An L9 orthogonal array was 
used. It was found that abrasive size has more impact followed by number of cycle and extrusion pressure on surface finish. 
Brar et al. (26) combine electrochemical machining with abrasive flow machining to overcome the limitation of AFM. In this 
investigation the media used was a combination of silicon based polymer, hydrocarbon gel and aluminium oxide abrasive 
particles with NAI salt. Voltage was the only process parameter taken in this study and other parameters were kept constant. It 
was concluded that with increase in applied voltage the material removal also goes on increasing.         
4.1.2 Rubber based media 
           Wang et al. (31) studied the complex holes cut by WEDM and then polished by media in AFM. Vinyl-silicon polymer 
(silicon rubber) used as a media with combination of Sic abrasives because it has good deformation property and flow through 
complex holes easily. It was found that rheological properties plays vital role for better surface quality and also large size 
abrasives have excellent efficiency while small size abrasives can produce a smooth surface in AFM. Kar et al. (31, 34) try to 
develop new media so that finishing can be done at low cost. In this investigation natural rubber and butyl rubber with Sic 
abrasives and naphthenic oil was used. It was found that butyl rubber show better performance as compared to natural rubber 
based media.. Also investigate different grades of rubber and done comparative study to develop new media. It was found that 
Styrene butadiene rubber gave the good improvement in surface finish followed by silicone rubber, ethylene propylene diene 
monomer rubber, butyl rubber, and natural rubber. Sankar et al. (32) takes Styrene butadiene rubber with sic abrasive as media 
and investigate rheological properties and study the effect of creep recovery, shear viscosity, stress relaxation and storage 
modulus on the material removal rate and surface finish during the R-AFF process. It was found that with increase in yield 
stress material removal also increases and due to low viscous component the radial force is high and due to that material 
removal is also high. 
4.1.3 Polypropylene Glycol and Polyethylene Glycol 

Dabrowski et al. (12) used polymeric electrolyte paste as new media for new hybrid process electrochemical assisted 
abrasive flow machining. In this investigation Polymeric gels based on PPG [poly(propylene glycol)] and PEG[poly(ethylene 
glycol)] were used aimed at investigating the polymer electrolyte through which current and voltage passed and leads to 
anodic dissolution. 
4.1.4 Grease with mineral oil 

Jha et al. (18) developed magnetorheological polishing fluid for complex internal geometries. Magnetorheological (MR) 
polishing fluid is a combination of carbonyl iron powder and silicon carbide abrasive dispersed in grease and mineral oil to 
develop MRAFF. Improvement in surface finish occur only when high magnetic strength is applied and due to this  increased 
in finishing action on holding abrasives more firmly by CIPs chains. 
4.1.5 Organic media suitable for AFM 

Mali et al. (36, 48) synthesized alternative polymer abrasive gel (PAG) media for AFM and compare with commercial 
media (streamer) and found that PAG media can withstand up to 100oc and from FTIR analyze that alkenes and esters groups 
are dominating in PAG which offer elastic nature to media.  Same author also developed low cost alternative media consisting 
of base polymer, SiC abrasive and liquid synthesizer. Apparent viscosity of developed media was found at different abrasive 
concentrations, temperature and abrasive mesh size. It was found after rheological investigation that media viscosity increases 
with abrasive concentration and decreases with increase in abrasive mesh size, percentage of liquid synthesizer and 
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temperature. Polymer abrasive gel does not stick to work piece after machining. Rajesha et al. (35) developed new media 
mainly consist of natural polymer mainly Easter group. Newly developed media was mixed with Naphthenic based processing 
oil to maintain desired viscosity and found that newly developed media withstood up to 710 c without changing its 
characteristics.  

 
5. Conclusion 

• From Previous work on optimization of process parameter of abrasive flow machining found that number of finishing 
cycles, concentration and size of abrasives, extrusion pressure and viscosity of the  medium are most valuable input 
parameters to result the required material removal rate and surface finish. 

• Media is the most valuable parameter for the abrasive flow machining process and many attempts are made to 
develop cost effective, environmental friendly and efficient media but still there is a scope of improvement. 

• AFM is non-traditional finishing process for finishing unreachable surfaces and used for both internal and external 
surfaces. 
 

6. Future scope 
• Abrasive Flow Machining is a relatively new process in field of manufacturing. It offers brilliant surface finish, 

economy and dimensional accuracy of the machined parts. Materials ranging from soft aluminium to tough nickel 
alloys, ceramics and carbides can be successfully with this process. Already many hybrid methods as discussed above 
have been developed in order to get rid of the only major drawback of the process i.e. low material removal. These 
new processes integrate the basic AFM process with other processes in order to enhance productivity and surface 
finish. Hence to take advantage of better finishing in actual production models, research needs to be done on how to 
get a faster rate of machining and how to incorporate this machine in production lines. 

•  Since the most important part of any abrasive flow machining is abrasive laden media, one area in which a lot of 
scope for further work lies in finding /developing new and cost effective media. The material chosen as medium 
should not react with the work piece, it should be stable within the working temperatures and has to be flexible.  

• Other important aspect to be kept in mind is the abrasive grain size and the grain density. The material removal is 
maximum when the medium is viscous and hence a large number of particles come in contact with the work piece. 
The medium should also resist a significant temperature rise since it causes lowering of the viscosity.  

•  AFM process is too complicated in nature and an analytical model is too hard to warrant. Most of the analytical 
models proposed till now have too much assumptions, which contradict in reality and it is also difficult to adjust 
parameters according to the actual situation of machining process. Thus there is great research scope in providing 
correct analytical models or/and to apply various soft computing techniques, which should predict the results closer 
to the actual process.  

• The recent researches in neural network models are a step in the right direction. Due to the high cost of machine, it is 
not being as widely used as desired. Thus, any further study on reducing the cost of machine will help industrialists as 
well as researchers. A recent study on low pressure AFMs shows how cost reduction can actually take place. 
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