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Abstract 
 
Magnetic abrasive flow machining (MAFM) is the advanced method to 

machine Hybrid Metal Matrix composites (HMMC) which has the typical 
hollow work piece geometry. Composite materials are being utilized by most 

of the manufacturing industries which give better mechanical properties than 

other materials. Metal matrix composites (MMCs) have been investigated by 

many researchers for their experimental work and special characteristics have 
been established by them. Magnetic abrasive flow machining (MAFM) is 

improvement in Abrasive Flow Machining (AFM) which improves surface 

finish and material is removed by applying a magnetic field to the workpiece. 
A semisolid visco-elastic/visco-plastic abrasive-laden medium is flown 

through the surface to be finished. This paper provides a review of the 

MAFM process. 
 

Keywords: Magnetic Abrasive Flow Machining (MAFM), Hybrid Metal 

Matrix composites (HMMC), Metal matrix composites (MMCs), Material 

Removal (MR), Surface Roughness & Surface Finish. 
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1 Introduction 
 

Grinding, lapping, honing are the various traditional methods which have 

numerous limitations like complex shape, miniature sizes, 3-D parts cannot 

be processed & finished economically and rapidly. In non-traditional 
machining processes are special category of machining in which usually 

there is no tool –work direct contact. A controlled form of energy is used to 

abolish non-required material from a given work-piece. The presently era of 

environmental friendly industrialization has open area for further research in 
efficient media. The natural waxes and gels green media can be used as eco 

friendly industrial environment. The finished components life span may be 

reduced due to generation of residual stresses after MAFM process. Thus 
MAFM process needs to more elaborate improvement in process. The 

viscosity, temperature and other process parameters are responsible for 

change in work piece surface finish. The change in temperature of media 

does not lose its properties especially when temperature rises. The MAFM 
process can be monitored by abrasive flow movement with the help of a pair 

of cylinders as shown in fig.1. MAFM and its process variants can get 

reorganization from industry with its practical application. The engineering 
industries foremost demand economical and highly accurate finished 

components.  With this demand its open the door for researcher for slight 

moderation in MAFM process to remove the demerits. MAFM different 
versions have been developed to achieve the better results but till now 

research and development is continued. 

The major applications of MAFM are in the moulds and dies, aerospace 

sector, bio-medical equipment, automotive parts etc. In this review tried to 
report recent development of MAFM process in different versions and its 

tooling media. The self abrasive media adopts the shape according to the 

work job is the major merit of the MAFM process. The main constituents of 
abrasive media are abrasive particles and a semi-viscous fluid. That abrasive 

media has the ability to flow through a restrictive passage or intricate work 

piece shape. The abrasive media movement detaches the material in minor-
chips. Major parameters are material removal (MR), surface finish and 

tooling, working media, operating conditions are the response factors. 
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Fig. 1: Magnetic Abrasive Flow Machining [7] 

 

2 Literature Review 
 

Jain R. K. et al. [1] developed a model to optimize MRR and surface 

characteristics like roughness for AFM process. Radial stresses have been 

predicted at the workpiece. On the basis of Theoretical analysis, they 
estimated the MRR and workpiece roughness during AFM. They compared 

theoretical results and experimental findings with the literature and hence 

concluded their results. 

Jain V. K. and Adsul S. G. [2] reported different input control parameters 
like percentage of abrasive, number of cycles, abrasives mesh size & media 

flow speed, on MR and finishing for aluminum and brass work materials. 

The significant input parameters are abrasive concentration with mesh size, 
media flow rate and number of cycles. They concluded and compared 

theoretical results with experimental results. The machined surface was 

analyzed using scanning electron microscopy.  
Jain R. K. et al. [3] applied modeling neural network technique and 

stated the optimum machining input parameters. The input-output parameters 

and hidden layer generalized back-propagation neural network used to 

efficient the process. ALM algorithm is used to determine the optimal 
machining with another network. A good agreement was shown between 

simulation results and experimental results. For validation, optimization of 

the AFM process has also been carried out using genetic algorithm.  
Jain N. K. and Jain V. K. [4] developed and explained various advanced 

AFM processes with various mechanical, analytical and semi-empirical 

material removal models. 
Jain R. K. et al. [5] introduced new model for determining the specific 

energy with tangential forces. The various input process parameters like size 

of grains, extrude pressure, type of material, numbers of cycles and 

concentration of active grains have been considered.  
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Heat transfer rate and abrasive medium flow rate has been examined. 

The results of work piece temperatures were compared with experimental 

observed values. They analyzed and predict heat transfer between work piece 
and medium with the help of model.  

Singh S. and Shan H. S. [6] tried to improve by placing North and South 

pole around the material in AFM to optimize the surface integrity and MRR. 
A set-up was developed to examine various parameters and their 

performance of the process by using a composite process termed as MAFM 

(magneto abrasive flow machining). Brass components were machined by 
this process and relationships are explained with MRR and material 

roughness improvement. ANOVA technique used to study the various input-

significant parameters and results are concluded.  

Bhardwaj A.et al. [7] explained the necessity of hybrid components 
surface finishing for present age of industrialization and abrasive flow 

machine advance versions for metal matrix composite and hybrid metal 

matrix composite. 
Gorana V. K. et al. [8] experimentally studied the cutting mechanism 

forces and density of abrasive grain for AFM process. The cutting 

mechanism force components affect the surface integrity with density of 

active grains. The effects of three input variables (pressure intensity, 
concentration of abrasives and grain size) on material removal, ΔRa value, 

material removal forces & active grain density were analyzed. Machined 

surface was examined using a scanning electron microscope.  
Jain R. K. et al. [9] simulated active grain density during AFM process. 

Media topography is greatly influenced by the variables. They conclude and 

examined experimentally with using microscopic method and compared their 
simulation results.  

Jeong D.K. and Kyung D. K. [10] used spring collets as workpiece 

consisting of chrome-molybdenum with testing deburring/cavities on the 

collets surfaces with crossed micro grooves by AFM process finishing 
technique with optimized results. 

Jose Cherian [11] observed that surface finish is improved as the 

extrusion pressure increases. As extrusion pressure lower side with small 
grain abrasives concentration the surface finish value decreases. Larger 

grains with low extrusion pressure provide uneven distribution of grains 

resulting in significant variation in the surface finish. Abrasive concentration 
parameters, extrusion pressure and grain mesh number are used to optimize 

to produce the improved surface finish. 

Junye Li et al. [12] found that method of ultra precision machining, 

abrasive flow machining (AFM) has been used for trace grinding process on 
the surface shape tolerances on high quality components. The precision 

polishing on nonlinear tube, nozzle and runner’s surface with abrasive 

contained putty is used to explore the surface finish improvement. 
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Nagnath Kakte et al. [13] found that non linear shape work piece can be 

finished with abrasive flow machining and process parameters can be 

optimized. To improve the efficiency of AFM, it clubbed with other metal 
finishing process called hybrid machining process. 

P.D. Kamble et al. [14] observed that magnetic field generated around 

the work piece which contained abrasive putty with extrusion pressure is 

used. In the results, it is observed the MRR and surface finish affected with 
Magnetic field. The MRR increases with increase in magnetic effect rather 

than surfaces hardness. With predefined no. of cycles, there is a perceivable 

change in MRR and surface unpleasantness. 
Ramandeep Singh et al. [15] found that magnetic field effect on work 

piece by MFAAFM which increases the rate of material removal with 

increase in surface finish. It observed from study the MR and Δ Ra (surface 
roughness arithmetical mean average) changes with magnetic field 

significantly affects both. The slope of the curve indicates that MR increases 

with magnetic field more than Δ Ra. 

Sharma et al. [16] investigated the abrasive flow machining optimization 
using Taguchi based principal component analysis technique. The principal 

component analysis technique is a statistical procedure of finding the linear 

combination of a set of variables having maximum variance and removing its 
effect. The importance of abrasive flow machining was discussed for 

finishing difficult to finish internal cavities/holes of the work piece. The 

copper metal cylindrical work piece was used for experimentation. The Al 

and SiC abrasive particles mixed with hydraulic oil used as the cutting tool. 
It was found that increase in extrusion pressure, no. of cycles increases MRR 

and surface finishing of the copper work piece. The abrasive flow mixture 

having high concentration of SiC offered good surface finishing. 
Kumar and Hiremath [17] investigated the abrasive flow machining 

through extensive literature review. The process parameters taken were 

extrusion pressure, number of cycles, abrasive grit size, abrasive 
concentration, volume flow rate. The abrasive particles SiC, Al2O3, B4C 

mixed with visco elastic polymer and hydraulic oil were used as the cutting 

tool. The one way and two way abrasive flow machining were discussed. In 

one way abrasive flow machining, the machining was obtained using single 
hydraulic cylinder and in case of two way abrasive flow machining, the 

machining was obtained using double hydraulic cylinder. The mathematical 

modeling was performed using ANOVA and Taguchi methods. It was found 
that the abrasive flow machining is an advanced and efficient technique for 

super finishing the intricate profiles in case of automotive, aerospace and 

biomedical fields.  
Bahre et al. [18] reported the one way abrasive flow machining for 

machining internal geometries of the work piece. The work piece taken was 

automotive steel AISI4140 and the abrasive particles taken were Al2O3 mixed 

with hydraulic oil.  
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In the experimentation, only one cylinder was used for machining the 

work piece. The testing was conducted using ZIESS Prismo 3D metrology 

machine and Mahr MarSurf XR20 surface metrology system. The Extrude 
Hone Vector AFM machine was used for the experimentation. The process 

parameters taken were number of cycles, work piece material, piston 

pressure and abrasive concentration. The response parameters taken were 
MRR and surface finishing. The mathematical modeling was done by 

plotting graphs/histograms between process and response parameters. It was 

found that surface finishing of the work piece was improved significantly 
after 15 numbers of cycles. The increase in piston pressure increases surface 

finishing of the work piece.  

Kiani et al. [19] investigated the hybrid abrasive flow machining through 

extensive literature review. The abrasive flow machining in combination 
with magnetic field assisted, ultrasonic assisted, centrifugal force assisted, 

rotational AFM, drill bit guided AFM were discussed. The process 

parameters taken were work piece material, abrasive flow media, extrusion 
pressure etc. The response parameters taken were material removal rate 

(MRR), surface roughness (Ra). The work piece material Inconel 718 and 

Al/SiC MMCs. The abrasive particles taken were mixture of Al2O3, SiC and 

hydraulic oil. The work piece was machined using ultrasonic assisted 
abrasive flow machining, magnetic field assisted abrasive flow machining, 

centrifugal force assisted abrasive flow machining, rotational abrasive flow 

machining and drill bit guided abrasive flow machining. It was found that 
hybrid AFM provides highly significant MRR and surface finishing of 

Inconel 718 and Al/SiC MMCs. The ultrasonic assisted abrasive flow 

machining provides higher MRR and surface finishing as compared with 
other hybrid AFM processes. 

Singh et al. [20] reported the latest trends in abrasive flow machining 

using hybrid abrasive flow machining for achieving high MRR and surface 

finishing. The process parameters taken were work piece material, abrasive 
flow media, viscosity, extrusion pressure etc. The response parameters taken 

were material removal rate (MRR), surface roughness (Ra). The abrasive 

particles taken were Al2O3, SiC, B4C and diamond mixed with liquid 
polymer and hydraulic oil in the hydraulic cylinder. The work pieces used 

were steel, brass, gun metal and copper. The work pieces were machines 

using hybrid abrasive flow machining such as Electro chemical assisted 
abrasive flow machining, Ultrasonic assisted abrasive flow machining, 

magnetic field assisted abrasive flow machining, centrifugal force assisted, 

rotational AFM, drill bit guided AFM. It was found that the magnetic field 

assisted AFM provides high MRR and surface finishing at low extrusion 
pressure. The Ultrasonic assisted abrasive flow machining provides higher 

MRR and surface finishing as compared with other hybrid AFM processes. 

Electro chemical assisted abrasive flow machining offered very good MRR 
and surface finishing of copper work piece.  
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Pal and Jain [21] investigated the abrasive flow machining through 

extensive literature review. The process parameters taken were work piece 

material, extrusion pressure, abrasive flow media, no. of cycles, grain size, 
and percentage abrasives concentration. Response parameters taken were 

material removal rate (MRR), surface roughness (Ra), dimensional tolerance, 

residual stresses. The work piece materials taken were aluminium, mild steel, 

brass, stainless steel, hardened tool steel. The abrasive particles taken were 
boron carbide, silicone rubbers, mixture of silly putty and silicon carbides, 

carbonyl iron powder, Al2O3. The work pieces were machined using abrasive 

flow machining and EDM machine. The mathematical modeling was 
performed using ANOVA and Taguchi method. The simulation technique 

used was computational fluid dynamics (CFD) through ANSYS software. 

The testing was done using X-Ray diffraction (XRD) technique and 
SURFASCAN surface testing machine. It was found that the process 

parameters which significantly affects the response parameters in abrasive 

flow machining. The change in process parameters significantly improves the 

MRR, surface finishing, dimensional tolerance and residual stresses in the 
work pieces. It was also found that the various surface defects occurred after 

EDM machining process were successfully removed after abrasive flow 

machining process.  
Soni et al. [22] reported the abrasive flow machining using simulation 

software ANSYS for computational fluid dynamics analysis. The work 

pieces taken were titanium, aluminium alloys and abrasive particles taken 

were aluminium oxide and cubic boron nitride mixed with hydraulic oil. The 
work piece was machined using abrasive flow machining. The mathematical 

modeling was conducted using multiple regression model. The testing was 

conducted using 2D ANSYS simulation software. It was found that the MRR 
and surface finishing was significantly improved after abrasive flow 

machining of the work pieces. The deviations so obtained in the experimental 

results were within the prescribed limit. Further investigations to improve 
MRR and surface finishing were emphasized.  

Mohit et al. [23] investigated the hybrid abrasive flow machining 

through extensive literature review for nano finishing. The abrasive flow 

machining in combination with magnetic field assisted, ultrasonic assisted, 
centrifugal force assisted, rotational AFM, drill bit guided AFM, 

electrochemical assisted AFM were discussed. The work piece materials 

such as copper, aluminium were discussed. The abrasive particles such as 
Al2O3, SiC, CBN and diamond mixed with hydraulic oil were discussed. The 

work pieces were machined using hybrid abrasive flow machining. The 

mathematical modeling was performed using ANOVA and Taguchi method. 
It was found that the hybrid abrasive flow machining offered higher MRR 

and surface finishing in all the work pieces. Various surface defects occurred 

after EDM machining process were successfully removed after abrasive flow 

machining process. 
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Azizi and Azami [24] investigated the rotational abrasive flow 

machining for micro and nano-finishing. The work piece used for the 

experimentation was cylindrical bushing made up of cast iron. The abrasive 
particles used were SiC, polymers, wax and silicone oil mixture as a liquid 

medium. The work piece was machined using rotational abrasive flow 

machining. The medium inside work piece was rotated using four bladed 
stirring axis. The surface roughness of the work piece was measured before 

and after the machining. The testing of the work piece was done using 

Scanning Electron Microscope (SEM) machine. The mathematical modeling 
was conducted by plotting the graph between material removal and work 

piece rotational speed. It was oservered that MRR and surface finishing of 

the work piece was significantly improved after rotational abrasive flow 

machining. The high stirring speed increases the MRR and surface finishing. 
It was also found that the technology of rotational abrasive flow machining is 

an efficient and available at low cost for offering high MRR and surface 

finishing.  
Ya et al. [25] reported the abrasive flow machining involving high visco 

elastic medium for surface finishing. The work piece material taken was 

circular steel tube. The abrasive particles used were Al2O3, SiC mixed with 

polymers and hydraulic oil as a liquid medium. The work piece was 
machined using abrasive flow machining. The various sensors such as 

pressure sensor, force sensor and temperature sensor were fitted with work 

piece and cutting tool. The mathematical modeling was done using 
MATLAB software. The testing of the work piece was done using Scanning 

Electron Microscope (SEM) machine. It was found that the MRR and surface 

finishing was significantly improved after the abrasive flow machining of 
circular steel tube. The MRR and surface finishing was greatly improved 

using visco elastic medium for machining the work piece. 

Zhang et al. [26] investigated the abrasive flow machining of T-pipe for 

optimizing the process parameters and controlling quality of the work piece. 
The abrasive particles taken were SiC mixed with hydraulic oil. The work 

piece material taken was carbon steel. The work piece was machined using 

abrasive flow machining. The mathematical modeling was performed using 
six sigma model and regression analysis. The testing was conducted using 

simulation software ANSYS for computational fluid dynamics. The 

distribution of turbulent velocities was analyzed for the given abrasive flow 
medium. The surface roughness was detected using simple roughness testing 

machine. It was found that the volume fraction of SiC is an important factor 

in controlling quality of the work piece. The increase in the volume fraction 

of SiC significantly improved the MRR and surface finishing of the work 
piece.  

Tan et al. [27] reported double inlet abrasive flow machining on irregular 

geometry of work piece such as automobile part with tiny slots and complex 
geometry based on theory of fluid collision.  
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The SiC abrasive particles and water were used for machining the work 

piece. The work piece was machined using single inlet and double inlet 

channel apparatus. The mathematical modeling was performed using 
incompressible continuity equation and navier-stokes equation of fluid 

mechanics. The numerical simulation was performed using ANSYS software 

fluent. The testing was performed using photo micrographic apparatus. It was 

found that the double inlet channel improved the surface finishing of the 
work piece. It was also found that the ultrasonic assisted abrasive flow 

machining can significantly reduce the machining time. 

Gao et al. [28] investigated the abrasive flow machining of blisk for 
obtaining surface uniformity. The blade surface of blisk used for aero-space 

was machined using abrasive flow machining. The work piece material was 

made up of steel. The SiC abrasive particles with hydraulic oil were used for 
machining. The mathematical modeling was performed using continuity 

equation and momentum equation. The numerical simulation was performed 

using ANSYS software fluent. The testing was conducted using Zygo New 

View 5022 3D surface profiler. The guide blocks were provided in addition 
to the fixture in abrasive flow machining. Surface finishing of the work 

surface was considerably improved by employing the guide blocks in 

addition to the fixture. The surface uniformity of the blisk was also improved 
after abrasive flow machining.  

Gao and Wu [29] reported the abrasive flow machining of bearing ring 

raceways for obtaining precision polishing using 3D printing and CNC 

machining. The UP series 3D printing and scanning technology were used 
for extracting inner cavity surface and improving the surface finishing of the 

work piece. The SiC and Al2O3 abrasive particles with hydraulic oil were 

used for machining. The testing was conducted using 3D microscope. The 
printing materials used were ABS polymer. The inner cavity of bearing ring 

raceways was assembled after 3D printing and CNC machining. The final 

machining was performed using abrasive flow machining. It was found that 
the assistance of 3D printing and CNC machining to the abrasive flow 

machining improved  surface finishing of bearing ring raceways and 

provided the precision polishing of the work piece. 

Mihotovic et al. [30] investigated abrasive flow machining for 
automotive complex parts. The work piece materials taken were 50CrMo4 

and 100Cr6. The piston stroke was varied from 50 mm to 200 mm during the 

experimentation. The SiC and Al2O3 abrasive particles with hydraulic oil 
were used for machining. The work piece materials were machined using 

abrasive flow machining. The mathematical modeling was performed using 

MATLAB software. The testing was done using CFD simulation and FEM. It 
was found that the long piston stroke finishes the surface of the complex 

geometry work piece. The abrasive flow machining significantly improved 

the surface finishing of both the work pieces. It was also proposed to use 

abrasive flow machining for machining complex geometrical work pieces. 



                                                                                                                  
 

 

 
 

 

 
6486 Vijay Singh et.al 

 

3 Conclusions 
 

1. MAFM process is better than AFM process. 

2. MAFM improves surface finish as compared to other 

conventional processes and AFM. 
3. MAFM can be used to internal surface finish of complex shape 

geometry components. 

4. MAFM improves the MR and surface finishing for the hard and 

tough materials like HMMC. 
5. MAFM removes surface defects arising from micro-EDM 

processes.  
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