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Abstract Abrasive flow finishing (AFF) is a non-traditional advanced fine finish-
ing process using an abrasive-laden viscoelastic polymer for finishing, polishing,
deburring, radiusing of the component having a complex geometrical shape with
inaccessible areas and difficult to machine materials. AFF is a consistent, accurate
and repeatable process compared to another finishing process. It was initially devel-
oped in 1960 by Extrude Hone Corporation, USA for finishing valves of radar-guided
vehicles. It uses a flexible abrasive laden viscoelastic finishing medium, which makes
it most popular with nanofinishing process for simple as well as complex geometrical
components. Continual research in many areas of AFF is in underway to explore its
applications for different components, finishing medium developments and appli-
cations, process modeling and online control, automation with robotic interface for
mass finishing operation, development of new mechanisms and types for fourth-
generation AFF. This article reports on advances in process modeling and optimiza-
tion, alternative finishing medium and rheological characterization, hybrid, derived
and hybrid-derived variants and applications of AFF for finishing advanced materials
and complicated geometry. This article will be beneficial for researchers, academi-
cians, and industrialists who are working in the field of precision finishing of complex
geometrical mechanical components and willing to implement AFF.
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7.1 Introduction

Advancement in technology required highly finished products in specific areas such
as space technology, automobile components, production of surgical equipment,
aerospace components, marine and defense components, power plants and turbine
equipment, dies and mold, additive manufacturing, in micro/nano electro-mechanical
systems (MEMS/NEMS) and micro-systems, etc. Precision finishing of complex
geometrical components and difficult to machine materials are costly labor intensive
and uncontrollable. Improving surface finishing manufactured components below
1 wm accounts for 15% of overall production cost [1]. To finish components vari-
ous conventional finishing processes such as polishing, grinding, lapping, honing,
burnishing, peening and shot blasting used. These conventional finishing processes
suffer some inherent limitations while finishing complicated geometry and difficult
to finish materials. Polishing is applicable for finishing external cylindrical and planer
surfaces by using emery paper, belt containing abrasives of alumina, silicon carbide
or diamond. The finishing result of polishing depends upon manual pressure and type
of handling workpiece. It is unable to finish internal cylinder or complex geometries.
Grinding wheel geometry not permit it to go inside the deep holes, intricate sharp
corner the complicated geometry and it also produces burn marks on finished surface.
Lapping is slow process to improve minor surface irregularities and not applicable to
finish complex geometrical components. Honing can improve surface finish cylin-
drical as well as planer surface but it having very short life of honing sticks. Shot
blasting removes burrs effectively, but it causes deformation in soft materials and
embedding of abrasive particles on finished surface required cleaning through hand
file or blowing. Burnishing causes localized hardening over finished surface and
not applicable to finish thin-walled components. The deficiencies of conventional
finishing processes have enforced development of advanced finishing solutions for
finishing complicated geometries, difficult to machine materials, curved holes and
sharp corners, etc.

Abrasive flow finishing (AFF) comes into existence to overcome the limitations of
conventional finishing processes by using high pressurized flexible finishing medium
called putty. The putty can easily go inside intricate spacing, confined passages
of complex geometrical components and imparted nano finishing up to 0.05 pm.
Figure 7.1 illustrates the schematic of the working principle of AFF. It consists
of hydraulic or pneumatic cylinders mounted at top and bottom inside the struc-
ture of bars and platen. Top and bottom hydraulic or pneumatic cylinders cou-
pled with medium cylinders. A finishing medium of abrasive particle, mixing oil
and viscoelastic polymer prepared and filled in medium cylinder. The workpiece is
kept sandwiched in between both medium cylinders inside the fixture and finishing
medium passes over the workpiece. The back and forth motion of finishing medium
over workpiece surface causes abrasion and impart fine finishing to the workpiece.
A hydraulic or pneumatic power unit used to provide motion to the hydraulic or
pneumatic cylinder.
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Fig. 7.1 Schematic of the two-way abrasive flow finishing (AFF) process and its working

The major component of the AFF system divided into three parts: (a) AFF struc-
ture; (b) Finishing medium; and (c) Tooling and fixture. AFF structure consists of
hydraulic or pneumatic cylinders, power supply unit, medium cylinder, supports
plates, bars, stroke counter, limit switches to control stroke length of the medium
cylinder and pressure regulators. Finishing medium is mixture of viscoelastic poly-
mer, abrasive particle and mixing oil. Abrasive particle size, concentration and types
selected based on finishing requirement. Aluminum oxide, silicon carbide (SiC),
cubic born nitride (CBN) and diamond abrasive particles are generally used. Tooling
and fixture hold workpiece to withstand in high extrusion pressure and guide finishing
toreach the desired surface of workpiece where finishing is desired. It also serves pur-
pose to block the space selectively where finishing does not require. Nylon, Teflon,
metlon and stainless steel generally used for fabrication of fixtures. AFF frequently
used for finishing variety of industrial components in aerospace, automobile, pump
manufacturing, turbine, additive manufacturing, recast layer removal, pipe manufac-
turing, casting, medical industry, food processing and industry producing complex
structure with accessible areas. The AFF is applied for removal of materials from
soft aluminum to tough nickel alloys, ceramics and carbides effectively [1]. AFF
system is of three types (a) One way AFF: In this type system finishing medium is
introduced at entrance of workpiece by medium cylinder and it collected at the exit of
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workpiece. Finishing medium again collected and reinserted for next cycle. (b) Tivo
way AFF: This type of AFF finishing medium continuously reciprocates between
two medium cylinders and workpiece placed in between both medium cylinders. (c)
Orbital AFF: In orbital AFF finishing medium back and forth between two medium
cylinders. A displacer placed opposite to work piece. The finishing medium flow
in between workpiece and displacer and vibratory movement provided to displacer
which deflects flow of finishing medium. (d) Multi-flow AFF: This system is extended
version of two ways AFF in which one more setup of two way AFF placed near to it.
The direction of movement of hydraulic cylinders of second setup is opposite to first
one. This system employed for mass finishing jobs and intricate castings. Presently,
AFF systems are also capable of working in semi-automatic or fully automatic com-
puter numerical control (CNC) version with facilities to robotic interface for mass
finishing as well as job finishing operation [1, 2].

7.1.1 Process Parameters of AFF

The result produced by AFF highly influenced by process parameter applied, there-
fore the selection of process parameters are very important aspect to achieve the
desired improvement. The details of various AFF process parameters are as follows:

e Extrusion pressure: Extrusion pressure is a force exerted by hydraulic or pneu-
matic power supply unit over per unit area of finishing medium to extrude it
through restriction, created between workpiece to fixture. Extrusion pressure
ranges from 0.7 to 22 MPa [3] and MRR increases with an increase in percentage
concentration of abrasives in finishing medium and extrusion pressure, but with
mesh size of abrasive grains, its value decreases [4]. Higher extrusion pressure
causes decrease in average surface roughness (R,) and increases microhardness
due increase of axial forces over abrasive particle. Some parts of the total applied
extrusion pressure lost to overcome internal resistance caused by finishing medium
[3].

e Number of cycles or finishing time: Cycle is the distance travelled by the medium
piston during its movement from initial position to return to again initial position
and it varies from one to several according to finishing requirement. A review
of literature suggests that rate of abrasion is very high during initial cycle due
to the large peak to valley ratio. Decrement in surface roughness increases with
increases in finishing cycle and MRR decreases due to reduction in peak height
[5, 6].

¢ Flow volume of medium: The volume of the finishing medium contained in the
medium cylinder is called the flow volume of the medium. MRR related to the
slug length of the flow of medium and it connected with flow volume. Slug length
of flow of medium is ratio of flow of medium to the cross-sectional area of the
confined section. The higher flow volume of medium results in higher MRR [6].
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Flow rate of medium: Flow rate of the medium is the ratio of flow volume of
medium to finishing time, and it depends on extrusion pressure and the viscosity
of finishing medium. Slow flow rate causes uniform removal of materials and
produces good surface finish whereas high flow rate causes the formation of
edges. The flow rate generally exceeded 380 L per minute for extrusion pressure
ranges between 0.7 and 22 MPa [1].

Medium temperature: Medium temperature profoundly influences the physical
properties of the finishing medium. As number of cycles increases, temperature
increases hence viscosity of the medium decreases [7]. It must be in the range 30—
70 °C increasing beyond 100 °C causes a permanent change in medium properties
[8-10].

Abrasive type and size: Generally used abrasive particles are silicon carbide
(SiC), aluminum oxide (Al,O3), diamond, cubic boron nitride (c-BN), boron car-
bide (B4C) used for preparing finishing medium. Its size ranges from 0.005 to
1.5 mm [1] and it selected according to finishing and material removal require-
ment. Coarse abrasive particles are recommended for higher MRR and fine
abrasive particles for fine surface finish [3].

Abrasive concentration: It is a volumetric ratio of the volume of abrasive par-
ticles in finishing medium to total volume of finishing medium. The abrasive
concentration varies from 5 to 50% in a finishing medium [10]. An increase in
the volume of abrasive concentration in finishing medium increases surface finish
and MRR due to availability of more active grain but high percentage of abrasive
concentration causes increase in stiffness of medium and chances of choking of
the finishing medium [11].

Mixing oil type and concentration: Mixing oil is used to form a bond between
viscoelastic medium and abrasive particles. Concentration highly influenced the
finishing results produced by AFF. An increase in the concentration of mixing
oil decreases surface finish and MRR whereas decrease in the concentration of
mixing oil causes chocking of finishing medium [12].

Viscosity of medium: Viscosity of medium is a highly influential parameter,
it depends on type and concentration of viscoelastic polymer, mixing oil, abra-
sive particle, and other additives. The higher viscosity of medium gives a higher
reduction in surface roughness and MRR but the more chances of chocking of
the medium. For deburring and radiusing low viscosity medium is applicable [2].
Higher viscosity medium is preferred when the channel length is beneath the two
times of channel width or diameter; otherwise, low viscosity medium is preferred
[13]. The viscosity of medium is increased by increasing the concentration of
abrasive particles, and it results in higher surface finish and MRR [11].

Surface condition: Surface quality of workpiece before AFF significantly affect
finishing results because, in initial AFF cycles, abrasive particles try to flattening
of roughness peaks having high height. After some AFF cycle when surface peaks
come to average size than abrasive particles shear off all peaks altogether. Loveless
etal. [2] examined the finishing mechanism of AFF with different types of surface
produced by wire electro-discharge machining, lathe, grinding and milling. They
found that surface produced by WEDM was best for AFF because of less height
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of peaks, micro-cracks, and formation of loose connections of white layer with
the workpiece surface.

e Hardness: Hardness of material significantly affects the finishing results gener-
ated by AFF. Past studies show that while contacting with the soft material depth
of depression of abrasive particle is more as compared to hard materials, therefore
more MRR and improvement in surface finish [11].

7.2 Advantages

e AFF can finish concave areas, convex areas and objects having a complex
geometrical shape which are unable to finish by using other finishing processes.

e AFF can finish edges and radius very quickly compared to another finishing
process.

e Drilled holes of size from 0.22 to 1000 mm can be finished/deburred easily by
AFF. Also, multiple holes of diameter 3 mm and depth 10 mm can be finished
simultaneously [14].

e AFF can produce a surface finish up to 0.05 pum with a close dimensional tolerance
of 5 wm within a short duration of time [14].

¢ Finishing results produced by AFF are consistent, repeatable, and predictable.

e AFF offers higher flexibility compared to another finishing process in terms of
abrasive particle type, size, concentration, finishing medium type, fixture type,
workpiece (external and internal both, conductive and nonconductive both).

e AFF constitutes a generalized finishing solution that gives highly accurate and
precise results.

e CNC controlled AFF setup has the capability to process thousands of parts per
day which can save employment costs for manual finishing up to a great extent.

7.3 Limitations

e Unable to correct taper deep surface irregularities, large counter profile, out-of-
roundness and surface cracks etc.

e The material removal rate is very slow, therefore not applicable for mass material
removal application.

e Controlling the viscosity of finishing medium is very less due to the mixing of
scarf continuously which affects finishing result.
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7.4 Advances in AFF

Available research initiatives reported following advances in the areas of modeling
and optimization, development of finishing medium and rheological characterization,
AFF based hybrid and derived processes development and applications.

7.4.1 Advances in Modeling and Optimization

Prediction of material removal and finishing result in AFF is the complex and
stochastic due to following reason:

e Variation of physical conditions properties and viscosity of finishing medium due
to mixing of removed materials and increase of temperature of the medium.

e Unable to detect movement and contact pattern of the abrasive particle with
workpiece due to close contact of the fixture.

e Variability material removal pattern due to change of extrusion pressure, forces,
abrasive particle size, type, and concentration.

e Variation of the viscosity of medium is because of change in the pattern due
to change of abrasive particle size, type and concentration, mixing oil type and
concentration and additives.

e Variation in material properties and geometry of workpiece to be finished.

The above variation attracts the researcher to attempt for modeling and opti-
mization of AFF [10]. The advances reported in modeling and optimizations are as
follows:

Williams and Rajurkar [5] were first attempted for modeling of AFF using data-
dependent Systems (DDS) to find the ratio of surface roughness peak height (Rz)
to the average surface roughness value (R,). They reported that the ratio of R,/R,
in between 1.4 and 2.2 mm. They found surface profile having large wavelength
(associated with path of abrasive particle) and small wavelength (associated with
cutting edge). A coefficient (Cy) ratio abrasive grain wear and the number of active
grains proposed. The increasing value of C4 means process is stable whereas decrease
in value of C4 means cutting edges blunted and need to replace medium. Loveless
etal. [15] applied DDS to model surface roughness profile of milled, turned, WEDM
surface finished by AFF and reported similarities exist in finishing mechanism of
grinding and AFF.

Rajeshwar et al. [16] used constitutive equations of the Maxwell model to find out
the properties of the medium flow during AFF. The authors found a simple relation-
ship between the layer thickness of material removed and shear stress acting on the
surface. Petri et al. [17] established a predictive neural network model (NNM) using
search algorithm for polishing and surface removal applications. They reported NNM
as a very useful tool to examine the effect of variation of AFF process parameters. To
predict abrasive wear in AFF Haan and Stief [18] developed a mathematical model
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and found abrasive particles have wear efficiency in the range of 10°-103. Williams
[18] compared mechanism of surface generation in AFF with grinding process by
using acoustic emission signals. They reported that acoustic emission generated dur-
ing AFF is highly correlated to the restriction created between workpiece and fixture,
flow volume of the finishing medium and material removal rate.

Jain et al. [19] proposed a FEM strategy to predict forces and stresses established
on the cylindrical workpiece during the flow of abrasive media. They also developed
a model for MRR and average surface roughness in terms of abrasive particle size,
number of abrasive particles contacting with workpiece surface, size and hardness of
material and extrusion pressure. They reported (a) Increase in reduction ratio normal
stresses increases on workpiece surface; (b) Increase in abrasive concentration and
extrusion pressure results in increase in MRR; (¢) Decrease in abrasive size decreases
MRR; and (d) Roughness of machined surface reduces with increase in concentration
of abrasive particle, extrusion pressure and abrasive particle size.

For selecting the optimum value of process parameters in AFF to predict the
material removal and surface roughness, Jain and Jain [20] developed NNM and
genetic algorithm. They reported that (a) The results produced by NNM and GA
were very close agreement with each other; (b) possibility of use NNM to predict
surface roughness and MR confirmed. The same author [21] developed hypothetical
simulation model to decide active grain density in AFF medium. They reported (a)
increase in concentration and size of abrasive results in increase in grain density
of active abrasive particle; and (b) the developed model can simulate grain density
active abrasive particle for any size and concentration.

Jain and Jain [22] compared experimental results of MRR and surface rough-
ness with NNM and reported (a) good agreement between experimental result and
result produced by NNM; and (b) NNM as a useful tool to observe the effect of
variation of AFF parameters before experimenting. To predict specific energy and
tangential forces in AFF the same author [23] proposed a model by changing num-
ber of cycles, extrusion pressure, concentration and size of abrasive and workpiece
hardness. They also developed a heat transfer model to predict workpiece tempera-
ture. They concluded that (a) specific energy for grinding and AFF is overlapping;
(b) specific energy remains constant respective to increase of abrasive particle size,
but it remains higher for higher hardness materials; and (c) developed heat transfer
model was capable to predict workpiece temperature. Jain and Jain [24] compared the
result of material removal and surface finish produced by simulation and response
surface analysis (RSA). They reported that (a) Increase in abrasive concentration
causes increase in active number of particles hence enhance the material removal
and surface finish; and (b) increasing the, number of cycles, extrusion pressure, abra-
sive concentration and reduction ratio reduces the surface roughness and increases
material removal.

A multivariable regression analysis (MVRA) model to estimate material removal
(MR) and surface roughness developed by Jain and Adsul [11]. They stated (a)
MR is based on the initial surface of material and softer material gives more MR
and surface finish compared harder material; (b) Increase in abrasive concentration
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increases surface finish and MR; and (c) Increase in abrasive particle size decreases
MR and surface roughness.

Goranaet al. [25] modeled forces on a single abrasive particle in AFF. They mea-
sured radial, axial forces, active grain density and indentation depth experimentally
and compared it with the result produced by the model. They reported that (a) radial,
axial forces, and active grain density have a significant impact on deformation of
materials; (b) rubbing and plough mode of deformation observed. The same author
[26] developed an analytical model that simulate surface roughness by changing
abrasive concentration, abrasive size, and extrusion pressure. They reported that
increasing extrusion pressure and concentration of abrasive particle increases active
grain density which decreases surface roughness.

Jain et al. [10] optimize process parameters of AFF using genetic algorithm for
cylindrical surface and developed an optimization model for surface roughness. They
found close agreement between predicted and experimental results and validated
developed surface roughness model by the experimental result of Jain and Adsul
[11].

Wan et al. [27] developed a FEM simulation using a zero-order semi-mechanistic
approach to evaluate surface roughness in two-way AFF. They reported that (a) zero-
order methodology is advantageous to predict surface roughness; and (b) increasing
extrusion pressure and finishing time increases surface finish.

Singh et al. [28] studied the theoretical model of AFF for change in surface
roughness with respect variation in process parameters of AFF and developed the
FEM model to predict finishing forces. Simulation on finishing forces used to predict
radial forces. They concluded that (a) increasing extrusion pressure causes increase
in finishing forces which increases surface finish; (b) 10% error among predicted
and experimental result of surface finish found at extrusion pressure of 5 MPa; (c)
increasing number of cycle decreases surface roughness; (d) both predicted and
minimum experimental value of surface roughness was 0.238 pwm at 800 number of
cycle; and (e) increasing weight percentage of mixing oil decreases change in SR.

Wei et al. [29] proposed a MR model in terms of change in profile height and mass
based on combined single abrasive and statistical active abrasive particle. They con-
cluded that (a) MR model is related to the finish medium and material of workpiece;
and (b) difference between the experimental results and theoretical results was 6.9%
and 6.4% respectively.

Lv et al. [30] developed a model using the finite element method (FEM) and
smoothed particle hydrodynamics (SPH) to investigate the erosion mechanism of
aluminum nitride material subjected to abrasion. They observed that (a) radial and
lateral cracks were the damage mechanisms in material and it is due to oblique impact
of abrasive particle; (b) depth of indentation increases with increase of velocity of
impact and angle of incident; (c) contact time of abrasive with workpiece increases
with impact velocity and decreases with impact angle; and (d) increase in impact
angle increases restitution coefficient of particle velocity.

Shao and Cheng [31] integrated micro-cutting mechanics modeling (MCMM)
with the Monte Carlo (MC) simulation using computational fluid dynamics (CFD)
approach to predict surface profile, roughness and MR of the integrally bladed rotor
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(IBR) of turbine. They reported that (a) surface profile, roughness and MR influenced
by volume and type of medium. Volume can be easily changed compared to changing
medium, therefore mass production companies required prohibitively higher batch
size before changing medium; and (b) CFD simulation is an effective tool to predict
profile and surface roughness of workpiece using abrasion model.

7.4.2 Advances in Development of Finishing Medium
and Rheological Characterization

AFF medium consists of mixture viscoelastic polymer, abrasive particle, mixing oil
and other additives. AFF medium is a key element to achieve desired surface finish
and material removal because of its capability to accurately erode the chosen areas
ahead its flow length. AFF process performance depends on viscoelastic polymer
used, abrasive size, concentration, mixing oil content, viscosity etc. The viscoelastic
polymer utilized in AFF for finishing operation is a mixture of silicone oil and boric
acid chemically it named as polyboroxilane (PBS). The AFF medium must able self-
deformable on application of external force, flexible to follow complex passage and
transfer force to abrasive particle for abrasion of work surface which is to be finished.
Hull et al. [32] attempted for rheological characterization of PBS and they reported
(a) PBS as rheotropic and complex time dependent polymer having shear thinning
characteristics at high value of shear rate whereas shear thickening characteristics at
low value of shear rate; and (b) finishing medium with higher shear rate produces
more finishing result compared to medium having low shear rate.

Davies and Fletcher et al. [33] evaluated rheological characteristics of abrasive
medium for low, medium and high viscosity. They reported that (a) increase of
viscosity form low to high result an increased pressure reduction within the fixture
and workpiece as well as decrease in rate temperature rise; (b) pressure drop and
average viscosity decreases as the abrasive concentration increases; and (c) increase
in temperature result an increase in volumetric flow rate and reduction in the viscosity
which decreases surface finish and MR.

Jain et al. [34] investigated the rheological characterization of commercial grade
putty and found a significant effect of medium viscosity on surface finish and MR.
They reported (a) medium viscosity decreases with increased shear rate and wall
shear stress; (b) medium viscosity increases with increase in abrasive concentration,
but when temperature increases medium viscosity decreases and (c) material removal
increases and the surface roughness decreases with increase in viscosity.

Wang and Weng et al. [35] attempted to develop a new finishing medium using
vinyl-silicone polymer, SiC abrasive particle and additive. They reported (a) devel-
oped medium was capable to remove recast layer produced by WEDM; and (b)
higher viscosity yield higher improvement surface finish. Wang et al. [36] compared
silicon rubber (P-silicon) with silicon rubber with additives (A-silicon) based on rhe-
ological properties and finishing behavior. They reported that A-type silicone rubber



7 Advances in Abrasive Flow Finishing 157

having higher viscosity compared to P-type, therefore it finished complex hole easily
compared to P-type silicone rubber having low viscosity.

Kar et al. [37] developed a finishing medium using SIC abrasive particle and
styrene butadiene rubber (SBR) for AFF. They performed compression, hysteresis
losses, tensile and tear testing of developed finishing medium. They stated developed
medium is mechanically and thermally stable and give higher reduction in surface
roughness. The same author [38] also compared performance of butyl rubber and
natural rubber and reported butyl rubber gives higher surface finish compared to
natural rubber.

Rajeshha et al. [39] developed medium which consists SiC as abrasive particles,
natural polymer, and naphthenic oil and reported (a) Increasing concentration of
abrasive and extrusion pressure results in better surface finish and higher MR; (b)
No change in MR with increase of medium flow rate whereas surface finish increases
with medium flow rate; and (c) Increase in medium viscosity increases surface finish
and MR.

Sankar et al. [40] developed a finishing medium using styrene butadiene poly-
mer, SiC abrasives particle and processing oil and used it for finishing Aluminum
alloy and. They reported (a) developed finishing medium shows shear thinning phe-
nomenon; (b) change in surface roughness increases with increase in viscosity of
medium; (c) increasing in processing oil concentration results in better surface fin-
ish; and (d) change in surface roughness is higher in case of Al alloy/SiC,, (10%)
compared to Al alloy and Al alloy/SiC, (15%).

Sankar et al. [41] evaluated the styrene-butadiene based medium which hasSiC
abrasives particle and processing oil. They finished Al alloy, Al alloy/SiC (10%) and
Al alloy/SiC (15%) using developed medium and reported (a) increase in storage
modulus and shear stress, resulting in higher MR; (b) SR increases with increase in
shear stress and attain maximum value than start decreasing due to high radial forces;
and (c) SR increases with decrease in amount of stress relaxation.

Bremerstein et al. [42] examined used and fresh medium consist of PBS, hydrocar-
bon oil, metal soap and SiC abrasive. They reported (a) medium viscosity and elastic
percentage changes due addition swarf and fine abrasive particle; (b) no chemical
alteration in medium properties seen during finishing; (c) continues finishing action
causes blunting of sharp cutting edges and tips of abrasive particle; (d) used finish-
ing medium result 20% poorer surface finish and 30% lesser MR; and (e) process
efficiency reduced due to mixing of swarf and blunting of cutting edges of abrasive
particle which result ploughing mechanism.

7.4.3 Advances in the Development of Hybrid and Derived
Processes of AFF

AFF is very well established process for finishing variety of components but it hav-
ing certain limitation such as (a) prolonged finishing time and less material removal
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rate; (b) non-interchangeability of fixture for finishing mass components; (c) unpre-
dictability of wear of abrasive particle which finishing components; and (d) unable to
visualize component and finishing mechanism while finishing. These inherent lim-
itations overcome by hybridization AFF with other processes, modification of AFF
in form of derived process and both to enhance the performance and productivity.
The brief description of each process presented in following paragraphs.

7.4.3.1 Derived Processes of AFF

In the derived process of AFF some amendments in the existing AFF to improving
its performance by providing rotational motion to workpiece, inserting drill bit in
medium flow path, providing helical passage, movable rotatable mandrel, centrifugal
force to rod and rotating spiral-shaped tool in finishing zone of AFF.

Rotational Abrasive Flow Finishing (R-AFF)

In R-AFF process, a rotational movement is provided to the workpiece contained
fixture and to and fro motion to finishing medium. Combined rotational motion of
workpiece and reciprocation of finishing medium improves surface finish and gives
more material removal. In R-AFF due to rotary motion of work sample, tangential
force (F;) also act with axial force (F,) and radial force (F;) over abrasive particles
contained in finishing medium (Fig. 7.2). These cause more abrasion which gives
higher material removal with less finishing time [43].

Drill Bit Assisted Abrasive Flow Finishing (DBAFF)

Sankar et al. [44] used a helical drill bit in a medium flow path that provides irregular
movement to the abrasives and causes reshuffling of the abrasive medium which
results in higher surface finish and more MR. Figure 7.3 represent working principle
of DBAFF. They used twin slot fixtures which bifurcated the abrasive media while
entering to finishing the workpiece, and at exit, combine again and also assist the
drill bit alignment along the workpiece axis. In this process intermixing of abrasive
depends self-deformability of medium as well as on the extrusion pressure exerted
on drill bit. Combined effect of different flows of abrasive medium, the workpiece-
abrasive contact length increases and, becomes curved from the straight. Therefore,
the number of sheared peaks increased and it results higher material removal.

Sankar et al. [44] reported that (a) as the drill bit diameter increases the surface
finish and the material removal increased; and (b) surface roughness decreases as
abrasive size, drill diameter, and number of cycles increase. Butola et al. [45] reported
that using three start drill bit results in higher metal removal rates compared to two
start drill bit.
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Fig. 7.2 Schematics of a arrangement for rotating workpiece contained fixture in R-AFF process,
b components of the resultant force

Helical Passageway in Abrasive Flow Finishing (HAFF)

Wang et al. [46] placed the helical rod in the finishing zone of AFF to create mul-
tiple flow paths for AFF medium and to deflect the movement of abrasive for cre-
ating tangential force. The addition of tangential force with axial force and radial
force causes improvement in surface roughness and material removal. Figure 7.4
depicts schematic of helical passageway in abrasive flow finishing. They reported
that space between helical edge and workpiece surface was the significant factor to
determine the level of surface roughness in AFF and five-helix passageway augment
the polishing effectiveness more with regard to surface roughness and MR.

Spiral-Rotating Abrasive Flow Finishing (SAFF)

Yuan et al. [47] placed a grinding rod with rotating helical flute by an external
motor in finishing zone to generate a centrifugal force that causes abrasive particles
to impact over work surface frequently and randomly. This spiral-rotating motion
of the abrasive medium with centrifugal force result higher surface finish due to
homogeneous distribution of abrasive particles in the abrasive medium. Figure 7.5
depicts a schematic representation of spiral-rotating abrasive flow finishing. SAFF
is applicable for finishing internal surfaces only. They reported that (a) increasing
the rotation speed increases the tangential velocity of the abrasive particles which
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Fig. 7.3 Schematic of the drill bit assisted abrasive flow finishing

increases active grain density of abrasive particles on workpiece surface which result
higher surface finish; (b) material removal rate higher compared to AFF due to higher
kinetic energy in SAFF; and (c) extrusion pressure acting on abrasive having no effect
on increase of the rotation speed of the helical flute.

Abrasive Flow Finishing with Movable Rotatable Mandrel (AFF-MRM)

Kenda et al. [48] used a movable/rotatable mandrel in the finishing zone of AFF to
increase abrasive medium speed which results in the increase of active grain den-
sity towards work surface and result high surface roughness and efficiency of the
process. Figure 7.6 depicts schematics of abrasive flow finishing with movable rotat-
able mandrel (AFF-MRM). They reported that AFF-MRM capable of controlling the
microgeometry of the product with uniform polished surface and material removal
in less time compared to AFF.
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Fig. 7.6 Schematics of abrasive flow finishing with movable rotatable mandrel (AFF-MRM)

Centrifugal Assisted Abrasive Flow Finishing (CFA-AFF)

Walia et al. [49] used a rotating rod in AFF finishing region attached with a gearing
system to apply centrifugal force on the abrasive particles towards the direction
normal to the axis of the workpiece. They named this rod as Centrifugal Force
Generator (CFG) rod. The centrifugal force along with axial and radial acting on
abrasive particle causes more impression on work surface which results high surface
finish compared to AFF. They investigated with square, rectangular, triangular and
spline cross-section of CFG rod (Fig. 7.7) and revealed that (a) rectangular shape
of CFG rod result high surface finish compared to square, spline, and triangular
in decreasing order; and (b) Spline shape CFG rod result high material removal
compared to square, rectangular, triangular decreases in decreasing order. Walia
et al. [50] found that CFA-AFF process does not affect the surface micro-layer with
the help of X-ray diffraction (XRD) analysis and optical micrographs.
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7.4.3.2 Hybrid Processes of AFF

Hybrid processes are the combination of two processes in order to produce highly
efficient and more productive components by taking advantage of the worthiness
of the constituent processes or overcome the limitation of constituent processes
[51]. In AFF hybrid processes are developed by combining ultrasonic machining
(USM), magnetic abrasive finishing (MAF), electrochemical machining (ECM) and
magnetorheological finishing (MRF). The detailed descriptions of hybrid processes
of AFF are reported in succeeding paragraphs.

Ultrasonic-Assisted Abrasive Flow Finishing (UA-AFF)

Jones et al. [52] combined ultrasonic machining with AFF for finishing blind dies and
named this process as ultrasonic flow polishing (UFP). They reported that UFP could
finish the surface of the cavity with a very high-quality finish while maintaining the
workpiece dimensional accuracy. In UA-AFF workpiece is subjected to ultrasonic
vibration with high-frequency piezo actuator in the perpendicular to the AFF medium
flow direction which causes the abrasive particle in the abrasive medium to strikes
the workpiece surface at an angle with high velocity [53]. Figure 7.8 shows the
schematic of UAAFF process. Ultrasonic vibration added a radial force (F,) perpen-
dicular to the direction of abrasive medium flow which assists the abrasive particles
to impinge into the asperities of the workpiece surface. Which results in good surface
finish, high surface finishing and material removal rate in respect of AFF process.
The aggressiveness of abrasive particles depends on the vibration frequency, extru-
sion pressure, medium viscosity, number of cycles, and vibration amplitude. They
also report that increases in the applied vibration frequency and extrusion pressure
increases material removal.
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Fig. 7.8 Schematic representation of UAAFF process

Electrochemical-Aided Abrasive Flow Finishing (ECA’FF)

Brar et al. [54] established ECAFF process using abrasive laden polymeric elec-
trolytic finishing medium in AFF. They prepared a finishing medium with Nal salt
(molar concentration), silicon based polymer, hydrocarbon gel with Al,O3 abrasive
particle. A unique fixture containing copper rod (cathode) placed in inside cylin-
drical workpiece of brass (anode). Both workpiece and a copper rod placed inside
nylon fixture and connectivity made to them for DC power supply of 0-30. When
prepared finishing medium extruded between workpiece and copper rod it causes
combined machining action due to abrasion by abrasive particle as well as elec-
trolytic action result high surface finish and increased material removal. Figure 7.9
depicts (a) Schematic of electrochemical aided abrasive flow finishing (ECA’FF)
process. (b) Cathode and anode position in ECA’FF process. They reported that (a)
increase in voltage results in increase in MR; and (b) Higher operating voltage result
rough surface.
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Fig. 7.9 Schematic of a ECA2FF process, b Cathode and anode position in ECA2FF process
(Source [3] Reprinted with permission from Springer @ 2019)

Magneto Rheological Abrasive Flow Finishing (MRAFF)

This process uses the magnetic force to control the metal removal effectively using
ferromagnetic particles and abrasive particles. This process has better control over
the rheological properties of the abrasive magnetorheological media. Rheological
properties of the abrasive magnetorheological media changes in the presence of a
magnetic field. The viscosity of the abrasive magnetorheological media is strongly
dependent on the strength of the applied magnetic field and it can be varied according
to the application and workpiece material to obtain surface finish as desired. The
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Fig. 7.10 Schematic of MRAFF process (Source [3] Reprinted with permission from Springer ©
2019)

MRAFF experimental setup consists of hydraulic cylinders, magneto rheological
abrasive (MRA) fluid containers, electromagnet, and a workpiece fixture as shown
in Fig. 7.10. Kathiresan et al. [55] found that increasing the magnetic field increases
the capability and strength of the ferromagnetic particles chains to retain the abrasive
particles which enhance the control over the metal removal.

Magnetic Field Assisted Abrasive Flow Finishing (MA-AFF)

In this process, a fixture is used, which can also hold the electromagnets. The abra-
sive media composed of magnetic abrasive particles (containing 40% ferromagnetic
ingredient, 40% Al,O3, and 15% Si,03), a silicone-based polymer, and hydrocarbon
gel. Magnetic field lines pull the abrasive particles towards the workpiece surface.
The magnetic field puts a magnetic pressure on the abrasive media along with extru-
sion pressure. Schematic of magnetic field assisted abrasive flow finishing (MA AFF)
process shown in Fig. 7.11. This process took less time to finishing of workpiece
because it enhances surface finish and MRR, as compared to AFF. Singh et al.
[56] reported the combined effect of low flow rates and high magnetic flux density
produces higher MR in MAAFF than AFF.
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Chemical Abrasive Flow Finishing (CAFF)

In this process, fluid consist of acid and abrasive particles pumped to the inside of a
hollow cylindrical workpiece. The schematic of CAFF process depicted in Fig. 7.12.
The centrifugal pump tank mixer (1) is used for the pumping and mixing of chemicals
and abrasives simultaneously. The valve (3) is used manually to change the fluid flow
direction from the pump towards either the specimen tank (4) or depletion tank (5).
The flow rate is measured by the ultrasonic flow sensor (6). The cylindrical workpiece
(7) is placed inside the specimen tank (4). A corrosion-resistant thermocouple (8)
measure the temperature of the fluid inside the feeding tank (2). After completion of
the process, the fluid flows into the depletion tank (5).

Mohammadian et al. [57] developed this process to finish the inside surface of
cylindrical IN625 components which were used in the aerospace industry. They
performed static chemical polishing for 8 h with different chemical solutions and
found 50% HF + 50% HNOs; produce the better surface finish. They used above
chemical solution diluted with water (40 volume% HEF, 40 volume% HNO;3 and 20
volume% of distilled water) and alumina Al,Os; as abrasive particles size of 420 pm.
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Fig. 7.12 Schematic of the setup of the chemical-abrasive flow finishing (Source [57] Reprinted
with permission from Elsevier © 2018)

They found the workpiece required 8 h of static chemical finishing, 3 h of either
chemical or abrasive flow finishing and only 1 h of chemical-abrasive flow finishing.
When the chemical abrasive flow finishing was used, then time was reduced by a
factor of 3 as a replacement of chemical or abrasive flow finishing processes.

The chemical finishing and abrasive flow finishing processes together enhance
the outcomes of the process, such as material removal rate and surface finish. In the
chemical abrasive flow finishing process, a passive layer formation has taken place
at the workpiece surface because of chemical reactions which regularly removed by
abrasive particles. This effect of the chemical solution and abrasive particles together
makes the finishing process more efficient.

7.4.3.3 AFF Based Hybrid and Derived Processes

To enhance the performance of AFF more some hybrid and derived processes are
also combined. The developed hybrid and derived processes of AFF are magne-
torheological abrasive flow finishing with swirling-assisted inlet flow (MRAFF-
SIF), rotational-magnetorheological abrasive flow finishing (R-MRAFF), magneto
assisted spiral abrasive flow finishing (MS-AFF), electrochemical aided centrifugal
force assisted abrasive flow finishing (EC2AZFF), ultrasonic-assisted double-disk
magnetic abrasive flow finishing (UDDMAFF), centrifugal assisted abrasive flow
finishing (CFA-AFF). The detailed working principle are described in below.
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Fig. 7.13 Picture of a R-MRAFF experimental setup; b arrangement of workpiece and magnet
fixture; and ¢ location of the workpiece and MRP fluid brush in magnet fixture (Source [58] reprinted
with permission from Elsevier © 2015)

Rotational-Magnetorheological Abrasive Flow Finishing (R-MRAFF)

Das et al. [58] combined rotary abrasive finishing (R-AFF) and magnetorheolog-
ical Abrasive Flow Finishing (MRAFF) by providing rotary motion to MRP fluid
contained inside of workpiece surrounded by the permanent magnet. Schematics of
developed rotational-magnetorheological abrasive flow finishing (R-MRAFF) shown
in Fig. 7.13. Permanent magnets are placed surrounding to workpiece and MRP fluid
reciprocates inside the workpiece contained fixture. A rotary motion provided to per-
manent magnet which causes superimposition of rotary and reciprocating motion to
MRP fluid. The superimposition of both motion causes centrifugal force with axial
and redial force over MRP fluid contained abrasive particle. Therefore, contact of
abrasive particles increases with workpiece surface which results in better surface
finish than MRAFF.

Nagdeve et al. [59] reported non-uniform surface roughness and material removal
in R-MRAFF due to non-uniform magnetic field. They introduced inverse replica of
femoral surface of workpiece in fixture of R-MRAFF to obtain the uniform surface
finish. This keeps velocity of MRP fluid constant in finishing region and gives uniform
surface with constant material removal.
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Magnetorheological Abrasive Flow Finishing with Swirling-Assisted Inlet
Flow (MRAFF-SIF)

Kheradmand et al. [60] introduced swirling vanes in finishing region to increase
centrifugal force on the abrasive particle which enhances surface finish and material
removal. They reported MRAFF-SIFas energy efficient and economical method to
improve the productivity of MRAFF compared to rotating workpiece as in the case
of R-MRAFF.

Magneto Assisted Spiral Abrasive Flow Finishing (MS-AFF)

In this process the abrasive medium was driven upward along the groove of the screw
with the help of rotation of screw as shown in Fig. 7.14. When the abrasive medium
quantity increased at the top side then it starts flow downward to the bottom of the
mold because of the gravity. Chen et al. [61] invented a new type of magnetic hot melt
adhesive particles (MHMA) which were transparent and colorless, these particles are
magnetic and coated with steel grit. Steel grit is coated when the particle is hot melted
(Fig. 7.15). A very strong magnet is placed around the workpiece to create magnetic
field which attracts the magnetic hot melt adhesive (MHMA) particle with a great
force and these particles force the abrasive particle towards the workpiece surface.
When abrasive particles come into the contact of the workpiece, they start remove the
asperities of the surface and result in the smooth surface of the workpiece. According



7 Advances in Abrasive Flow Finishing 171

Fig. 7.15 Magnetic hot melt - @& Steel grid

adhesive particle ]
" e

®

@

®

[ Hot melting steel

adhesive

to Chen et al. [61] magnetic flux density, MHMA particles concentration, and silicone
oil viscosity are important variables.

Centrifugal Magnetic Force Assisted Abrasive Flow Finishing (CMFA-AFF)

Singh et al. [62] developed centrifugal magnetic force assisted abrasive flow fin-
ishing (CMFA-AFF) using centrifugal force generator (CFG) rod in finishing area
of workpiece surrounded by magnets. They used three-part fixture which contained
CFG rod, workpiece and magnets. The CFG rod inserted inside the workpiece and
finishing medium is passed surrounding to it and special fixture contained magnets
used to apply magnetic The CFG road having mechanism to provide rotary motion
without hindering flow of finishing medium. On application of magnetic field abra-
sive partial moves towards workpiece and CFG rod apply extra centrifugal force over
it which causes higher surface finish and material removal.

Electrochemical Aided Centrifugal Force Assisted Abrasive Flow Finishing
(EC?A’FF)

Vaishya et al. [63] used electrolytic finishing medium in centrifugal assisted abrasive
flow finishing. They developed a nylon fixture which holds a rotating CFG rod of
copper retainer is attached to it. CFG rod placed inside a hollow cylindrical work-
piece with a rotating mechanism. A DC power supply is given to rotating CFG rod
(cathode) and workpiece (anode). A finishing medium consists of electrolytic salts
and abrasives (Al,O3), viscoelastic medium of KI salt (a weak alkali) passed in
between the gap of rotating CFG rod and workpiece. Electrolytic medium causes
electrolytic dissolution of materials and centrifugal force act over abrasive particle.
The electrolytic dissolution causes softening of work surface and centrifugal force
contained abrasive removes more materials from workpiece surface. EC?A%FF is
suitable for finishing of prismatic surfaces.
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7.4.4 Advances in Applications

AFF frequently used for finishing variety of components in areas of automotive,
aerospace, die and mould, energy, fluid power additive manufacturing, medical etc.
Some worth mentioning applications are described below and detailed summary of
AFF applications are presented in Table 7.1.

7.4.4.1 Surface Finishing of Carbon-Carbon Composite

Ravikumar et al. [64] used AFF for finishing carbon-carbon composites (C/Cs) and
found that 32% improvement in surface finish at 150 cycles, an extrusion pressure
of 6 MPa, and media having 70 wt% SiC abrasive particles (mess size of 220) and
12 wt% processing oil.

7.4.4.2 Microscopic Geometry Changes of a Direct-Injection Diesel
Injector Nozzle

Jung et al. [65] used AFF to finish direct-injection diesel injector nozzle and AFF as
efficient way to finish difficult to reach areas of injector nozzle which will enhance
engine performance and emission.

7.4.4.3 Blade Surface Uniformity of Blisk

Fu et al. [66] used AFF for blisk surface aero engine and reported reduction surface
roughness from 0.436 to 0.235 pm of blade surface without guide block. The surface
finish of blade surface decreases from 0.513 to 0.141 pm with guide block and tool
marks removed completely.

7.4.4.4 Finishing of a Hip Joint

Subramanian et al. [67] used AFF for finishing of a hip joint made of ASTM grade
Co-Cr alloy. They reported 39 nm surface finish by using AFF technique with ability
of finishing symmetrical object.

7.4.4.5 Nanofinishing of Knee Joint Implant

Kumar et al. [68] evaluate the effect of extrusion pressure and mesh size of abra-

sive particles for finishing knee joint implant by R-MRAFF process. The authors
measured the surface roughness before and after finishing. They obtained nanometer
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Table 7.1 Application summary of AFF and AFF based derived, hybrid, hybrid and derived

processes
Applications Process Workpiece Material Remarks
shape

Nano finishing of AFF Cylindrical | Stainless steel * The average surface

Surgical (SS-316L) roughness (R,) of

stainless-steeltube 48 nm has been

[71] achieved

Polishing of AFF Rectangular | Copper and stainless * Achieved average

rectangular steel (SUS-304) surface roughness (R,)

microgroove [72] 4.8 nm and 12.7 nm
respectively

Polishing of AFF Diamond-coated * AFF efficiently finished

diamond-coated WC-Co milling and resharpen cutting

complicated tools cutter edges of the nano-sized

[73] diamond coated milling
cutters without affecting
graphitization and
purity diamond purity

Residual stress AFF Stainless steel * Compressive stress

profiles induced [74] (15-5PH) induced by AFF

Finishing of T-tube AFF T shape Not available * Reported AFF as an

[75] effective method to
improve surface finish
of T pipe

Enhancing the AFF Gear Alloy steel * Achieved percentage

microgeometry of (20MnCr5) reduction of 28.49;

laser textured spur 40.20; 24.85%;

gears [76] 4.80;69.12; 68.9
respectively in profile
error, lead error, pitch
error, radial runout,
average surface
roughness (R,) and
maximum surface
roughness (Rpmax) by
AFF

Wettability of AFF Stainless steel » AFF improved surface

machined (SS-316L) and finish and wetting

biomaterials [77] Titanium alloy characteristics which

(Ti-6Al1-4V) reduced chances of

bacterial infection in
implants

Bacterial adhesion MRAFF | Plate Stainless steel * Achieved average

study on stainless (SS-316L) surface roughness (R,)

steel [78] in range of
10.52-37.4 nm

Finishing of the AFFMM | Mold for Heat-treated steel * Surface roughness

mold for convex gear | grade (AISTHI11) significantly reduces

manufacturing tooth with desired concavity

convex gear tooth
[48]

(continued)
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Applications Process Workpiece Material Remarks
shape

Enhancing the AFF Gear Alloy steel * Reported finishing time

surface finish, wear (20MnCr5) and viscosity of

characteristics and medium having huge

microgeometry of impact on simultaneous

straight bevel gears improvement in wear

[79] characteristics, surface
finish and
microgeometry of bevel
gears

Surface finishing of | AFF Nozzle Aluminum and mild * Reported 56.14 and

convergent-divergent (nonlinear steel 40.55% of reduction in

nozzle [80] tube) average surface
roughness value for
aluminum and mild
steel on the convergent
side respectively and
48.07 and 36.63% on
divergent side

Finishing of gear AFF Gear Heat-treated tool steel | * Reported 89%

mold used for (AISI HI11) reduction in average

manufacture plastic surface roughness (R,)

gears [81]

Deburring of micro AFF Spring Chrome-molybdenum | ¢ AFF completely

burrs in spring collet removed micro burrs

collets [82]

inside spring collets
with improving surface
finish

SiC abrasive particle
gives higher
improvement compared
to Al;O3 media in
terms of the removal of
the burrs

scale surface roughness (35-78 nm range) at different locations of finished implants.
Figure 7.16 depicts photographs of finished knee joint implants.

7.4.4.6 Finishing of Micro-Hole Fabricated by EDM

Lin et al. [69] manufactured microholes on SUS 304 and Ti-6Al-4V plates by using
electrical discharge machining (EDM). They reported AFF process could enhance the
dimensional accuracy and roughness of the machined microholes. The recast layers
on the wall of the microhole generated were eliminated by the AFF process, so AFF
is an effectual finishing method for microholes manufactured by EDM, increase the
shape accuracy and reduction of surface roughness.
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Fig. 7.16 Photograph of the knee joint a before finishing, b after finishing (Source [68] Reprinted
with permission from Elsevier © 2015)

7.4.4.7 Finishing of Microchannel Through AFF

Tzeng et al. [70] used self-modulating abrasive media which can change viscosity and
fluidity during the process for finishing microchannels. They reveal that the average
roughness of the microchannel was enhanced from 2.42 to 0.99 wm at extrusion
pressure 6.7 MPa. The edge of the microchannel is clearly defined, which has been
subjected to AFF.

They also reported that the viscosity of the abrasive medium decreases with fin-
ishing time. They also revealed that fluidity property of the medium is automatically
adjusted while finishing the microchannels.

7.5 Future Research Work

e Additively manufactured components, shape memory alloy, composites, silicon
carbide, titanium alloys, stellite, superalloy, Kevlar, dyneema and ceramics can
be attempted to finish by AFF.

e Accurate prediction method for optimum AFF process parameters selection for
respective geometry, materials prior to experimental investigation still not estab-
lished besides many research attempts. More research initiatives for development
of accurate modelling and simulation method for optimum selection of process
parameters in AFF required.

e Disposal of used finishing medium and management of waste finishing medium
is still an unexplored area of AFF.

® Research initiatives are required to develop low cost, readily available, non-toxic
and easy to prepare finishing medium.
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¢ Development of flexible and multi-utility fixture to finish variety of component are
still not explored. A transparent fixture can be developed to visualize movement
and finishing action abrasive particle which will help to simulate material removal
mechanism.

¢ Finishing external surfaces of the workpiece such as spur gear, helical gear, bevel
gears, worm and worm wheel by AFF based derived processes can be attempted.

e In the future, precision components produced by advanced precision manufactur-
ing processes will need to be finished by newly developed abrasive flow finishing
processes to maintain their dimensional accuracy and surface integrity.

e There is a need to develop a new abrasive flow finishing technology to finish very
complex components made using additive manufacturing.

7.6 Summary

The following are the summary can be drawn from the advancement in the abrasive
flow finishing process presented in this paper:

¢ Finishing results produced by AFF is highly influenced by selection abrasive
particle size, concentration, mixing oil, type of polymer, viscosity, fixture design
and selection of proper process parameters. Fixtures design changes according
geometry, shape, size and complexity of workpiece. The finishing result strongly
influenced by selective restrictions provided in the fixture.

e Many research initiatives attempted to optimize process parameters (i.e., abrasive
concentration and size, extrusion pressure, number of cycles, medium viscosity,
etc.) for finishing cylindrical, square, prismatic and rectangular shape and reported
dominant variable in AFF to enhance material removal and surface finish.

e To improve of productivity AFF, many hybrid AFF processes were developed
and investigated. AFF based hybrid processes having some limitations such as
(1) design of fixture to provide ultrasonic vibrating to workpiece at vertical direc-
tion of medium flow in UA-AFF is very critical task; (ii) design of fixture to
power supply workpiece and copper rod for electrochemical action, preparation
of electrolytic finishing medium in ECA’FF is very sophisticated and these pro-
cess having limitation to finish only hollow electrical conductive workpiece; (iii)
Non-uniform and less finishing rate in MRAFF; (iv) MA-AFF yield higher finish-
ing result for non-magnetic workpiece compared magnetic workpiece; (v) CAFF
required masking to prevent surfaces where finishing not desired. Derived process
of AFF such as R-AFF, DBAFF, HAFF,SAFF,AFF-MRM and CFA-AFF required
complicated design of fixture for various arrangements and these processes are
limited finish internal surface of hollow workpiece. Hybrid and derived process of
AFF such as R-MRAFF, MRAFF-SIF, MS-AFF, CMFA-AFF, EC?A?FF required
very complicated arrangement in fixture to adopt workpiece, external mechanism
and to pass finishing medium through workpiece without leakage.
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