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Abstract : In recent times due to industrial revolution, products with better life cycle and performance are highly
demanded. Abrasive Flow Machining is a finishing technique used for the polishing of the complex surface. Although
this process provides better surface integrity but even though there is a scope of achieving better surface finish by
increasing the material removal. This paper discuss about a newly developed hybrid technique that uses spark energy
for melting the workpiece surface and corresponded easy removal of material from the surface. The effect of various
parameters (i.e pressure, duty cycle and current intensity) on the micro hardness was also studied.
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1.

INTRODUCTION

Abrasive Flow Machining (AFM) is a non-traditional nano
finishing technique which is used for finishing of complex
profiles. This level of finishing cannot be achieved by the
conventional techniques because AFM process uses a non
conductive viscous media for material removal [1]. This
media is a combination of polymer, gel and abrasive
particles. AFM process removes the material by abrasion
mechanism in which sharp cutting edges of abrasive particles
abrades the finishing surface and improves the surface
integrity. It provides finishing in the range of 0.05 µm [2].
The leading edge of this process over conventional process is
its less time consumption for better surface integrity [3]. This
process provides good surface finish but it has a constraint of
low material removal. This makes important for the
researchers to hybridize this process with other non
conventional techniques to take advantage of those
techniques in finishing process.
Various types of hybridization is done in the AFM process
such as Centrifugal assisted AFM, Rotational AFM,
Ultrasonic assisted AFM, Helical AFM, Electrochemical
assisted AFM, Magnetic AFM etc. Ravi et. al [4] performed
finishing using Electrochemical assisted AFM and observed
that voltages was contributing 45.35% towards the material
removal. Tzeng et. al [5] finished micro - channel generated
by Wire EDM process using self modulating abrasive media
and concluded that micro-channel had a recast layer with
blow holes which affected its surface quality. Tzeng et. al [6]
finished stainless steel (SUS 304) having micro slits and
found optimum parameter at 150 µm size of abrasive particle,
50% concentration, 6.7 MPa media extrusion pressure and 30
minutes finishing time.

| IJAPIE | ISSN: 2455–8419 |

Wan et. al [7] observed slip line velocity and wall shear stress
variation against different pressure and concluded that zero
order methodology can be used for less variation in crosssection. Jain and Jain [8] determined active number of
abrasive particles involved in the cutting process and found
experimentally that active abrasive grain density increases
with abrasive mesh size. Gorona et. al [9] proposed a model
for the calculation of stress generated on single abrasive grain
while removing the material from the surface.
Kenda et. al [10] studied the effect of parameters on the
surface roughness and residual stress of the finishing surface
for AISI D2 material and observed improvement in surface
integrity after finishing by AFM process. Jain et. al [11]
concluded that larger media extrusion pressure reduces the
surface roughness. Rhoades et. al [12] observed negligible
effect of media flow rate on the material removal of the
workpiece. AFM process cannot be used for larger surface
irregularities because it removes the material in form of
micro chips uniformly from the surface [13]. The
experimental result showed that while developing the
centrifugal force in the media flow path required reduced
amount of cycles for removing the same material in case of
conventional AFM [14]. Using the centrifugal force in the
media flow path increases the dynamic abrasive particles
[15]. CFAAFM process gives better surface finish after few
numbers of cycles compared to the conventional AFM
process [15].
Sushil et. al [16] finished Al/SiC MMCs using AFM process
and found extrusion pressure and workpiece material as the
most significant parameter. Mali et. al [17] found the
abrasive particle mesh size as the significant parameter
during the finishing of Al/15 wt.% SiC-MMC.
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Marzban et. al [18] developed Abrasive Flow Rotary
machining and concluded that applying spin motion along
with the workpiece rotation gave better material removal rate.
Mohammadian et. al [19] finished SLM- built IN 625
components using Chemical Abrasive Flow Machining and
stated that this process can reduce the surface roughness up to
45%. Venkatesh et. al [20] finished bevel gear using
Ultrasonic assisted AFM and found that abrasive particles in
UAAFM can easily remove the surface material compared to
the conventional AFM process. Uhlmann et. al [21] proposed
a model and found that media flow velocity and shear rate
increases the cutting but this decreased the abrasive holding
capacity in the media. Abrasive Flow Machining provides
nano level finishing but it has a constraint of low material
removal. So many researchers hybridized this process with
other process to increase the material removal. This paper
discusses about a new hybrid AFM technique which
increases the material removal and provides good level of
surface integrity.
2. EXPERIMENTAL SET UP
The developed Hybrid AFM technique uses the spark energy
for melting the finishing surface material which made the
material soft and abrasive particle easily took away the soften
material and increased the material removal. The
experimental set up includes the pulsed dc power supply for
producing the spark, gears, 3-phase induction motor for
electrode rotation, fixture for holding the workpiece and
guiding the media from one media cylinder to the other.
The figure of developed experimental set up is as shown in
figure 1.

Figure 1 (b) Arrangement of gears and 3- phase induction
motor

The figure of developed experimental set up is as shown in
Figure1(a), 1(b), 1(c).

Figure 1(c) Fixture

Fig 1 (a) Experimental set up of developed Hybrid AFM
process
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Fixture includes terminals for the pulsed power supply. It’s
one pole is connected to the positive supply and other is
connected to the negative supply. There should be some
disturbance between both the poles with a non conductive
environment between them. This non conductive
environment is maintained by the media. Electrode should be
very near to the workpiece surface for the spark generation.
Whenever the electrical supply is given to both the poles
electrons will start emitting from the electrode and it ionizes
the media molecules. Due to collision more number of ions is
being generated and can be seen as a spark. The electrode is
rotated for the uniformity of surface through gear
arrangement.
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2.1 Workpiece
The workpiece material was taken as brass as shown in
Figure 2. The geometry of the hollow workpiece is shown in
Figure 3.

The experiments were performed at different values of
extrusion pressure i.e 10 MPa, 15 MPa, 20MPa & 25 MPa.
The experimental results showed that as the pressure
increased micro hardness also increased. On increasing the
pressure abrasive particles impact the surface with a larger
force and removed more material from the surface which
improved the surface quality. These causes increase in the
micro hardness of the surface. Graph also shows that after a
particular value of extrusion pressure micro hardness
decreases. The reason for this may be that on further
increasing the pressure, degrades the surface quality which
reduces the micro-hardness of the surface.

Micro Hardness (HV)
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Fig 2. Brass work pieces
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Fig. 5 Graph of Pressure Vs Micro hardness

Fig 3. Geometry of the workpiece

2.2 Micro-hardness
Micro hardness testing was performed to determine the
resistance of the material against plastic deformation by the
penetration of another harder material. Micro hardness tester
(FISCHERSCOPE HM2000 S) as shown in fig 4, was used
for the measurement of micro- hardness of the surface. This
paper discusses the effect of variable parameters such as
current , Duty cycle, extrusion pressure on the micro
hardness of the work piece.

Fig. 4 Micro hardness Tester

3. RESULTS AND DISCUSSION
Effect of extrusion pressure on the micro hardness of the
workpiece
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Fig. 6 Micro hardness at duty cycle of 0.63

| Vol. 3 | Issue. 3 | 2018 | 74 |

Parvesh Ali et al.,
International Journal of Advanced Production and Industrial Engineering

Fig. 9 Micro hardness at duty cycle of 0.78

Fig. 7 Micro hardness at duty cycle of 0.68

4.

CONCLUSIONS

The following conclusions
experimental study:





can be

made

from the

The developed hybrid process is capable of
producing products having better micro hardness.
With the increase of extrusion pressure micro
hardness of the surface increases initially but on
further increase in extrusion pressure, micro
hardness decreases.
With increase in the current and duty cycle, micro
hardness value increases.

REFERENCES
1.

2.

3.

4.
Fig. 8 Micro hardness at duty cycle of 0.73

| IJAPIE | ISSN: 2455–8419 |

www.ijapie.org

Ali, Parvesh., Dhull, Sachin., Walia, R.S., Murtaza,
Qasim., & Tyagi, Mohit. (2017). Hybrid Abrasive
Flow Machining for Nano Finishing - A Review.
Materials Today: Proceedings, 4, 7208–7218.
Sankar, M. Ravi., Ramkumar J., & Jain V.K.
(2008). Abrasive flow machining (AFM): An
Overview. INDO-US WORKSHOP on Smart
Machine Tools, Intelligent MachiningSystems and
Multi-ScaleManufacturing December.
Singh, S. (2002). Studies in metal finishing with
magnetically assisted abrasive flow machining. Phd
thesis, IIT Roorkee.
Gupta, Ravi., & Chahal, Balinde. (2015).
Investigation and Optimization of Process
Parameters in Electrochemical Aid Abrasive Flow
Machining. International Journal of Scientific and
Engineering Research, 6.
| Vol. 3 | Issue. 3 | 2018 | 75 |

Parvesh Ali et al.,
International Journal of Advanced Production and Industrial Engineering
5.

6.

7.

8.

9.

10.

11.

12.

13.

Tzeng, Hsinn. Jyh., Yan, Biing-Hwa., Hsu, Rong.
Tzong., Lin, & Yan. Cherng. (2007). Self
modulating abrasive medium and its application to
abrasive flow machining for finishing microchannel
surface. International journal of Advance
manufacturing technology, 32, 1163–1169.
Tzeng, Hsinn-Jyh., Yan, Biing-Hwa., Hsu, RongTzong., Lin, & Yan-Cherng. (2007). finishing
effect of abrasive flow machining on micro silt
fabricated by wired EDM. International journal of
Advance manufacturing technology, 34, 649–656.
Wan, S., Ang, Y. J., Sato, T., & Lim, G. C. (2014).
Process modelling and CFD simulation of two-way
abrasive flow machining. International journal of
Advance manufacturing technology, 71, 1077–
1086.
Jain, R K., & Jain, V K. (2004). Stochastic
simulation of active grain density in abrasive flow
machining. Journal of Materials Processing
Technology, 152, 17-22.
Gorona, V.K., Jain, V.K., & Lal, G K. (2006).
Forces prediction during material deformation in
abrasive flow machining. Wear, 260, 128-139.
Kenda, J., Pusavec, F., Kermouche, G., & Kopac, J.
(2011). Surface integrity in abrasive flow
machining of hardened tool steel AISI D2. 1st
CIRP Conference on Surface Integrity, Procedia
Engineering, 19, 172-177.
Jain, R.K., Jain, V.K., & Kalra, P.K. (1999).
Modelling of Abrasive flow machining process: A
neutral network approach. Wear, 231, 242-248.
Rhoades, L.J. (1985). Abrasive Flow machining
and it use. Proc. Non-traditional Machining
Conference, Cincinnati, OH. 111-120.
Walia, R.S., Shan, H.S., & Kumar P.K. (2008).
Determining dynamically active abrasive particles
in the media used in centrifugal force assisted
abrasive flow machining process. International
Journal of Advanced Manufacturing Technology,
38, 1157-1164.

| IJAPIE | ISSN: 2455–8419 |

14. Liang, Fan., Jia Zhao, Kunsun., Degang, Zheng., &
Dexin, Ma.(2009). Temperature as sensitive
monitor for efficiency of work in Abrasive Flow
Machining. Wear, 266, 678-687.
15. Walia, R.S., Shan, H.S., & Kumar, P.K. (2009).
Enhancing AFM process productivity through
improved fixturing. International Journal of
Advanced Manufacturing Technology, 44, 700-709.
16. Mittal, Sushil., Kumar, Vinod., &
Kumar,
Harmesh. (2015). Experimental Investigation and
Optimization of Process Parameters of Al/Sic
MMC Finished by Abrasive Flow Machining.
Materials and manufacturing processes, 30 (7),
902-911.
17. Mali, H.S., & Manna, Alakesh. (2010). Optimum
selection of abrasive flow machining conditions
during fine finishing of Al/15 wt.% Sic-MMC
using Taguchi method. International Journal of
Advanced Manufacturing Technology, 50, 1013–
1024.
18. Marzban, Mohammad. Ali., & Hemmati, Seyed.
Jalal. (2017). Modelling of abrasive flow rotary
machining process by artificial neural network.
International Journal of Advanced Manufacturing
Technology, 89, 125–132.
19. Mohammadian, Neda., Turenne, Sylvain., &
Brailovski, Vladimir. (2018). Surface finish control
of
additively-manufactured
Inconel
625
components using combined chemical-abrasive
flow polishing. Journal of Materials Processing
Tech, 252, 728–738.
20. Venkatesh, G., Sharma, A.K., & Kumar, Pradeep.
(2015). On ultrasonic assisted abrasive flow
finishing of bevel gears. International Journal of
Machine Tools &Manufacture, 89, 29–38.
21. Uhlmann, E. (2009). Modelling the AFM process
on advanced ceramic materials. Journal of materials
processing technology, 209 (20), 6062-6066.

www.ijapie.org

| Vol. 3 | Issue. 3 | 2018 | 76 |

