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Lecture - 01
Introduction to Polymer Assisted Abrasive Finishing Processes

Dear all, as you know I am Dr. Mamilla Ravi Sankar who is going to teach you about
one of the basic cum advanced finishing courses. That is a polymer assisted abrasive
finishing processes first the overview of this class as well as this course. So, it is nothing,
but the overview of the complete course that I am going to cover in 10 hours in 1 month

of time.
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Overview of the Class/Course
¢ Week-1: Introduction to Polymer Assisted Finishing Processes
o Week-2: Conventional Polymer Assisted Finishing Processes
» Week-3: Advanced Polymer Assisted Finishing Processes

o Week-4: Advanced and Hybrid Polymer Assisted Finishing Processes

So, the first week I am going to cover is Introduction to Polymer Assisted Finishing
Processes. Wherein you will see the what are the processes and their introduction, at the
same time you also come to know what is the surface roughness, surface integrity, what
is surface metallurgy and other things also ok. And you will come across the
conventional polymer assisted finishing processes in the second week and some of the
conventional finishing processes you also see in first week also ok. So, that covers first
and second week though coming to the third week we will see: what are the advanced

finishing processes like abrasive finishing process and so on.

In the final week we will see the some of the advancements of abrasive flow finishing



process, some of the hybridisations of abrasive finishing process and other things ok. So,
on an average what you are going to study in this particular course is where the polymer
as well as abrasive particles will come and unite to do the finishing process that is why
this particular course is named as polymer assisted abrasive finishing process, the

abrasive is getting assistance from the polymers.

And then it is going to do the finishing process and some of the names if you see like
abrasive flow machining process in olden days or in 1960’s 70’s and 80’s it is called as
the machining process, but later on this process is considered to be the finishing process
also. So, in this particular class you will also see: what is the difference between a
machining process and the finishing process for the basic understanding of using
students ok. So, importance of machining for the auspiciousness and other things the
temple pillars are developed by machining and finishing process, if you do the only the

machining process you may end up in bars and other thing.
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Importance of Machining and Finishing:
Temple Pillars Developed by Machining and Finishing

So, you need to go for the finishing operation also these are the pillars that is developed

in a temple.
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Who can study this course

Various disciplines who can take this course
¢ Mechanical Engineering ./
*  Production Engineering
*  Aerospace Engineering
* Material Science and Metallurgy

Intended audience: BE/B.Tech, ME/M.Tech, PHD, Faculty who

teaches manufacturing,

Number of hours : 10 hrs (Courses)

So, this particular course can be studied by various engineering disciplines such as;
mechanical engineering, production engineering, and aerospace engineering. At the same
time material science and metallurgy; so, all these people can be taken this particular

course intended audience.

So, my course basically deals with primitives that will help the UG students who are
going to do B.Tech in the streams that are mentioned above and the M.Tech and PHD. At
the same time this is also useful for the faculty who can teach. So, whenever a teacher is
teaching a course so it will always the research will always helps particular faculty to
teach what is the latest things that are going on in that particular course ok. So, this will

also help for the faculty and other things.

And coming to the PHD’s and M.Tech that is research scholars as well PG student such
as M.Tech student as well as research scholars this is most important you can also see
some of the basics, you can also see some of the advancements, and you also come
across some of the latest topics that can help you to take as a research. As I said this will
cover in 10 hours that in is that in a span of 1 month so, coming to the syllabus and
introduction of this particular course we will going to see in details about polymer

assisted abrasive finishing process.
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Week wise lectures: Week-1 & Week-2

¢ Week-1: Introduction to Polymer Assisted Finishing Processes
WI-L1: Introduction to Polymer Assisted Abrasive Finishing Processes ./
WI-L2: Importance of Surface roughness representation and Surface integrity ./
W1-L3: Introduction to Grinding, Polymer Grinding Wheels, Flexible honing,
Super finishing, Wire Brushing, Buffing, etc
WI1-L4: Polymer medium for vibratory bowl finishing, Drag finishing and etc

¢ Week-2: Conventional Polymer Assisted Finishing Processes
W2-L1: Pitch Polishing and Pad polishing
W2-L2: Polymer Pad and Chemo-mechanical Polishing

W2-L3: Elastic Emission and Hydrodynamic Elastic Polishing

So, week 1 we will see introduction to polymer assisted finishing processes especially
conventional processes. So, we will see: what is the introduction that we are going to see
in this particular class. And importance of surface finish representation and surface
integrity we will see what is mean by surface integrity what is mean by surface

roughness and other things.

Once we come across what is the surface roughness how do we represent the surface
roughness because surface roughness is one of the things that is most important for a
finishing process. Why and all these things you come across in the upcoming slides.
Introduction to grinding where polymer based grinding wheels are there flexible honing.
Honing is one of the conventional finishing process and flexible honing you can see in

detail in the upcoming classes, but introduction you can see in this particular class.

Super finishing wire brushing buffing and all those things then we go across polymer
medium for vibratory ball finishing drag finishing and other things ok. Vibrating ball
finishing drag finishing this particular processes are mass finishing processes where you
can just dump the components and you can do the finishing you can use a ceramic
abrasive beats or you can use ceramic polymer combined. And you can also use hard
plastic based beats also; so, how this surface roughness will change with respect to the

beats change and other things.

Then we come across conventional polymer assisted finishing process in the second set



because these particular set also come under this particular name. So, the pitch polishing,
pad polishing, these are some of the finishing processes where you can use for mirror
finishing. Polymer pad and chemo mechanical polishing also a in a pad polishing you
can go for a special variety of chemicals along with the abrasive slurry. So, that is called
chemo mechanical polishing process then elastic emission and hydrodynamic elastic
polishing techniques are the some of the advanced versions that you will come across in

this particular course.
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Week wise lectures: Week-3 & Week-4
¢+ Week-3: Advanced Polymer Assisted Finishing Processes
W3-L1: Abrasive Flow Machining and Finishing .~
W3-L2: Polymer Rheological Abrasive I\MI\ for Finishing:
Rheology and Tribology
W3-L3: Active abrasive particles and finishing forces during AFF Process _/

o Week-4: Advanced and Hybrid Polymer Assisted Finishing Processes

W4-L1: Advances in Abrasive Flow Finishing: DBGAFF, Spiral
Polishing, CFAAFM, R-AFF, Micro AFF, Vibrations assisted
AFF, Elasto Abrasive Finishing, Magnetic AFF, EC-AFF

W4-L2: Modeling of Polymer rheological abrasive medium for finishing

W4-L3: Finishing of Bio Implants: Knee implant, Hip implants, Summary

o of the Course

The third week we will see advanced polymer assisted finishing processes; that is
abrasive flow finishing as well as abrasive flow machining why it is called as abrasive
flow machining, why it is renamed as a abrasive flow finishing process that you will see.
Then importantly you can see the most important component of abrasive flow finishing
process that is called polymer rheological abrasive medium or fluid. This medium or
fluid will depend on what is the viscosity of the medium ok. If it is low viscous then you
can call it as a fluid, if it is high viscous or medium viscous you can call it as a medium

or semisolid medium.

So, what is abrasive particle what is active abrasive particle. When you call a abrasive
particle as active abrasive particle when you can call it as inactive abrasive particle and
other things we will see. Then we can go to another version where advancements and

hybridisation of polymer assisted finishing process like rotational abrasive flow finishing



process, drill bit guided abrasive finishing process, spiral polishing process, centrifugal
force assisted abrasive flow finishing process, micro abrasive flow finishing process.
And, some of the hybridisation you also you can see that is called magnetic or magneto
abrasive flow finishing process, at the same time electrochemical abrasive flow finishing

Pprocess.

Then we will see some of the modelling if time is there otherwise what we will see is we
will see in detail about vibration assisted abrasive finishing process, magnetic abrasive
finishing process, and other things. So, the finishing of bio implants like knee implant
and other things all are the same time what are the other applications like nuclear
applications, aerospace applications, semiconductor applications, and all these things
how this particular finishing process can help them like that we will see in this particular

course.
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Introduction to Machining and Finishing

1) Importance Finishing

2)  Basic approaches in Manufacturing
a)  Top-down approach
b)  Bottom-up approach

3) Importance of Finishing

a)  Why Finishing 1s important Courtesy: Gaogle.com
by What are the Conventional and Advanced Finishing Processes
¢)  Towards Sustainable Abrasive Finishing
4)  Introduction Surface Integrity
a)  Surface Morphology
b)  Surface Metallurgy e

As I said this particular course is a finishing process that is why some of the UG students
may have some doubt that what is the difference between a machining process and a
finishing process. So, both are subtractive manufacturing processes where you can use
the machining process as well as finishing process is like a top down approach ok. In a
manufacturing process there are two approaches one is top down approach as well as

bottom up approach.

Nowadays after coming the three d metal printing and other things. So, bottom up



approach is gaining its advantage; however, conventionally the machining and finishing
processes are like top down approach. Top down approach means assume that [ have a
cylinder of 100 mm diameter and I want to make a shaft of cylindrical shaft of 85mm.
So, I am going to do the turning operation and then post processing finishing operations
to bring it to 85 that is nothing, but top down approach ok. Same thing I can also do by
3D printing also because how I can do I will take the particles of the same material and I

can build it ok.

So, the material waste will be slightly less in terms of bottom up approach, but the cost
of the product may escalate in our machine. That is why most of the conventional and
Indian manufacturers will go for top down approach. So, importance of finishing why
finishing is important: what are the conventional abrasive finishing processes towards the
sustainable abrasive finishing process and all those things we will see if it time permits.
Then introduction to surface integrity and other things we will see what is the surface

integrity means surface morphology plus surface metrology and other things.
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Importance of Finishing and Advanced Finishing

Why We have to study Polymer Assisted

BEFORE Abrasive Finishing Processes ... ?

And you can see what is the importance of finishing as this is the before finishing you
can clearly see here how the weld joints are looking like ok. So, after finishing you can
clearly see how these are disappeared. If you are going to use the same thing in a
practical application without finishing then your performance will enormously go bad

ok. That is why you require finishing in a great way the same thing if you can see for a



knee implant applications and other things.

If you are putting this is a before finishing this is after finishing. If you are going to put
the before finishing here it is going to create lot of problems like the relative motion may
be a problem at the same time body fluid flows on it if there is a surface roughness like
this, then the body fluid will come and stay there this is the biggest problem for that
purpose if you go for a finished product your surface roughness is very normal or
something. So, there may be no accumulation of any body fluids at the same time
relative motion will be better. That is why and indirectly the life of knee implant will
enormously increases that is most important and it won’t affect in any other adverse

ways.
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That is why as you know the material removal processes are subtractive manufacturing
processes one of the common examples is turning grinding and other things. When the
material removal takes place normally if you see any metal cutting process like turning
process or a grinding process all these will called as saviour plastic deformation process

because this machining starts after the fracture point.

That mean that that is why these are called as saviour plastic deformation processes and
this will remove the material in a metal forming process we do not want after the
fracture; that means, that it is damaged part. But in a machining process you always wish

that the material is going off from the work piece material. That means, that the fracture



point is most important from where the machining will start ok.
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Week wise lectures: Week-1

Week-1: Introduction to Polymer Assisted Finishing Processes
WI-L1: Introduction to Polymer Assisted Abrasive Finishing Processes
WI-L2: Importance of Surface integrity (Surface roughness + Surface Metallurgy),
Surface roughness representation
WI1-L3: Introduction to Grinding, Polymer Grinding Wheels, Flexible honing,
Super finishing, Wire Brushing, Buffing, etc

WI-L4: Polymer medium for vibratory bowl finishing, Drag finishing and etc

Coming to the first week we will see introduction to polymer assisted finishing processes
importance of surface integrity then we will see the grinding polymer grinding wheels
and other things ok. We will also see vibratory ball finishing drag finishing and other
things these are all tentatively what I am going to talk, but if I am unable to cover in
week 1. Sometimes one of the chapter or one of the lecture may going to week two also

ok.

Slightly have the flexibility if I am proposing four lectures in week one doesn’t mean
that I may take four lectures. Sometimes when I am teaching it goes on. So, number of
hours might be increases for that purpose I may shift one of the lectures to the next class
also or if the time is less consumed. So, I may take one of the lectures from next week to
in this class. So, there is a slightly flexibility what I mean to say is this particular lectures
whatever | am proposing are completely tentative this is surface integrity in a finishing

process.
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Surface Integrity in Finishing Processes

First conventional finishing process whenever you see what you are going to get into
your mind is the grinding process. So, grinding process if you see lot of spark is coming
here because of the friction that is generated between the grinding wheel as well as the

work piece because of this the temperature goes enormously high ok.
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Surface Integrity
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So, the basic problem comes is whenever you are grinding wheel is rotating or a form
grinding wheel is rotating at a high speed temperature generates. Because of the

temperature what will happen is there will be burning and there will be surface



roughness. That is why surface integrity means the surface roughness one is surface

roughness plus surface metallurgy ok.

So, if you see this particular aspect this is completely burnt; that means, that
microstructure are the metallurgical part of that particular component is enormously
disturbed. That is why if your surface roughness is very good assume that this is less than
micron which is your requirement and if the surface metallurgy is not good. Whenever
you put your component in to a practical application because of the poor surface

metallurgical aspect may fail.
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Surface Integrity

(a) Burnt Surhce_ {b) Un-burnt Surface
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That is why you have to see the surface this is a burnt surface in a grinding process 1 is
burnt surface and 2 is unburnt surface if you are going to put one then your life of the
component may come down compared to 2. That is why you should always choose better
surface roughness as well as surface morphology and surface morphology and surface

roughness both are approximately similar and surface metallurgy is different.
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Surface Roughness Representation
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So, once you know the surface metallurgy is fine and you have to go for surface
roughness representation. The surface roughness you can represent in terms of three
profiles basically what we always check is surface roughness, but some of the people
will always represent in a profile roughness as well as waviness. And other things the
profile roughness PR a which you are seeing here you can divide into waviness as well

as roughness.

So, the waviness is the low frequency high amplitude one is waviness that you can see
here. So, that is what clearly representing here is nothing, but the waviness if you once
you remove this one that remaining one is nothing, but the roughness value. But most of
the people prefer the surface roughness apart from it many other things are there like

flaws and other things.
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Surface Roughness Representation
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You can see how the representation will be taken here the surface representation of any
particular surface can be represented like this. But in detail you will come across in the
upcoming classes. So, this is how you will represent the lay direction roughness width
what is the waviness width and height that is required normally the customers will
represent about their desires like I want my surface to be like this is the surface
roughness this is the lay direction and other things that thing normally people will
represent like this and you have to prepare as a manufacturing engineer according to the

requirement or their specifications of the customers ok.

The lay normally lay is nothing, but the predominant surface roughness directions
suppose he want the straight line surface roughness; t hat means, that we have to go for
grinding operation or shaping operation and other things ok. So, the flaws normally may
be inclusions because of the metallurgical preparations of the particular sample and other
things. T hat is nothing, but the irregularity such as scratches holes cracks ridges and

other things in the material these are all called the flaws in a particular work piece.
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Week-1 : Polymer Grinding Wheels

I. Among Grinding
Wheel Specifications,
Polymer/Resin based
Grinding wheels are
one variety.

2. Impregnation of
abrasive particles in
resins results in
abrasive wheels

So, now coming to the grinding wheel whenever we see about a grinding process which
is one of the conventional finishing processes we start with what is the grinding wheel
and what is the specification of grinding wheel. Because the specification of grinding
wheel, have multiple things among which bonding material is one ok. So, that bonding
material whenever you are making with a polymer based bonding material in that
circumstances that particular grinding wheel is known as polymer grinding wheel ok.

One of the examples is resinoid bonding.

Among the grinding wheel specification polymer or resin based grinding wheels are one
variety ok. So, there are specifications that you can specify by abrasive type whether you
want silicon carbide or aluminium oxide or any other diamond or something the abrasive
mesh size whether you want a core size whether you want a fine size super fine size the
grade. Grade nothing but the ability of your bonding material in this particular course
ability of polymer that the bonding material how it is holding the abrasive particle if it is
holding smoothly or loosely. That means, that soft grade if it is holding firmly then it is
called as a hard grade then structure of the grinding wheel how the abrasive particles are
located at the grinding wheel in that circumstances if the abrasive particles are far apart it

is called open structure if it is nearer then it is called closed structure.

Then comes the bonding material vitrified bond, resinoid bond, shellac bond, rubber

bond, these are many many varieties are there among which wherever the polymer



bonding material is used that comes in the polymer based grinding wheels. So,
impregnation of abrasive particles results in polymer abrasive wheels and you can see
here how the polymer abrasive wheel can be deformed other thing this is for your better
understanding. If you are going for a vitrified bond if you are going for a metallic bond
you cannot deform like this you can see the grinding wheel is deformed with hands; that

means, that this grinding wheels are flexible enough.
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Week-1 : Flexible Honing

|. Basically Honing is used to
finish a bore procedure,
straighten cylinder taper and
provide a suitable surface for the
piston rings.

2. Flexible honing 1s used to
similar  works but with less
finishing forces

3. Flexible honing can be done
using metal and polymer based

@ wires as well as beads

Now, we will move on to another thing flexible honing process. Basically honing is used
to finish a bore and other things and in a flexible honing process instead of your honing
sticks you will come across with a beads ok. So, these beads may be prepared with the
metallic or it can also be prepared with a polymer. At the same time some of the agencies

can also fabricate these with both ok.

You can have the metallic wires and which is having edge with the polymers also ok.
Whenever you want to go for finishing of soft materials like aluminium and low
hardness steels and other things it is very difficult if you are going with the ceramic
based and metal based for that purpose people will use the soft grid or the polymer based
beads.
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Week-1 : Superfinishing

[ Superfinishing, also known as
micro finishing that improves SUPERFINISHING
surface finish and workpiece
geometry.

2. Superfinihsing brush can be
made of metallic or polymeric /|

brush. &\ J .
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between the superfinishing |
brush and workpiece. Relative “cooant
motion can create surface lay VERYFINE .~
and surface finish. b

Now, super finishing super finishing also known as micro finishing in olden days this
used one of the brush this is called the polishing brush ok. So, this polishing brush can be
made up of metallic mesh or it can also be developed by the polymer brushes ok. And
you can use the abrasive slurry and this abrasive slurry can be fed using nozzles or other
things at the same time if you can generate the relative motion between the polymer
brush along with the abrasive slurry on a any particular product you can get the surface

finish that is called super finishing.

Super finishing as I said the super finishing can be used for the brush that is fabricated in
super finishing can be metallic, can be polymer also that is why we will see in this

particular process also.
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Week-1 : Wire Brushing

I. A wire brush is a tool consisting of
a brush whose bristles are made
of wire, most often steel wire. The
steel used 1s generally a medium- to
high-carbon variety

2. These wire are hard and springy.

3. Polymer wires can however be
utilized for making a simple brush
system. These brushes exert less
forces compared to steel wires. So
finishing may be better in long time.

So, wire brushing basically uses metallic which is hard and springy. Some of the
applications for fine finishing applications and other things people can go for polymer

based also.
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Week-1 : Buffing

| Buffing is a finishing processes
for smoothing a workpiece's
surface using an abrasive and a
work wheel or a leather strop.
Buffing uses a loose abrasive
applied to the work wheel.

Buffing basically whenever you take your vehicles if you are a owner of a car it is certain
automobile aesthetic appeal is one of the things then you can go for buffing if there is a
burrs or there is scratches or something then the people will do the buffing process.

Normally buffing wheels uses fabric oriented that is cotton oriented some of the difficult



to remove things can be done by polycotton; that means, that you will have a cotton also

you will have a polymer also that thing can be employed and can get the super polishing.
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Week-1 : Rotary Barrel Finishing or Tumbling
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@ + Centrifugal Disk Tumbling * Centrifugal Barrel Tumbling

And we will see some of the mass finishing applications like rotary barrel finishing
where you can see this rotary barrel can be rotated and in the inside you will have the
beads which can be ceramic can be polymer and ceramic or can be only polymer. So, that
depend on the type of component type of the complexity of the component that mean the
geometry if it is delicate geometry and other thing then people going to use polymer
oriented and it can be vertical or it can be horizontal also. So, you can use vertically you

can use horizontally depend on availability of this particular process and the application.
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Vibratory Finishing Medium

» Processing times for vibratory finishing are significantly reduced
» Open tubs permit inspection of parts during processing, and noise is
reduced
» Media shapes in vibrating finishing
» Typical preformed media shapes: (a) abrasive media for finishing, and
) steel media for burnishing
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So, the most important part for this particular course is the medium your barrel will be
metallic only, but inside medium whatever you are going to use is one of the important
one in this particular course. That you can see the processing time and finishing are
important open tubs permit the inspection of parts. At the same time media shapes in
vibrating finishing or most important at the same time these are the varieties of shapes

that one can use and we are going to talk about the composition of these shapes ok.

These shapes can be polymer, ceramic, and polymer plus ceramic both three things this
medium can be prepared ok. That is why we will see where these type of polymer plus
ceramic and only polymer based media are used in applications. This locally can be

rotated at the same time this barrel also can be rotated that is option is there.
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Week-1 : Drag Finishing

FIXTURE HEAD.,

I. Drag finishing is especially useful for
complex parts that must not have nicks or
mars on their surface.

2. Usually, such finishing systems consist of
a work bowl filled with a mix of grinding
or polishing media and the parts that need
to be finished.

3. The constant “rubbing” of media on parts
over a certain period of time—from a few
minutes to several hours—is producing
the desired surface finish.

FIXTURES

STATIONARY TUR

And here the component can be finished locally there all the components are placed in a

bowl and rotated. So, it is a global and this is global plus local.
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Week-1: Drag Finishing
* Mass finishing is possible without touching each other.
* Random nature of finishing (lower portion gets finished at higher rate as compared to
upper portion.

Rosler’s drag finishing

And you can see here how the drag finishing is operating. So, if you can visualise this
particular portion that is going to show you how the finishing action takes place in this
particular video you can see here the bowl is stationary. But, your component which is

fixed to certain entity are rotating about multiple accesses in this way the component can
be finished.
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Week-2: Conventional Polymer Assisted Finishing Processes

W2-L1: Pitch Polishing and Pad polishing
W2-L2: Polymer Pad and Chemo-mechanical Polishing

W2-L3: Elastic Emission and Hydrodynamic Elastic Polishing

So, coming to the week 2 we will see about pitch polishing pad polishing chemo
mechanical polishing elastic emission and hydrodynamic elastic polishing and other
things. So, pitch polishing normally you can see here there is a lens and you are going to
have a pitch this particular person having a pitch on his hand and he is doing the pitch

polishing by the hand.
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Pitch polishing

So, the most important in this one is pitch composition. How and what type of polymers

are used in this pitch and other things we will see.
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Components : Pitch Tool

A pitch tool consists of a layer of

pitch on a metal substrate. The layer

Pitch layer
Metal subitrate

thickness varies from user to user and
could be from a few millimeters to

several centimeters.

The life span of such tooling ranges
from a few days for smaller tools to

over a year for the larger tools

You can see the pitch tool basically pitch tool consist of multiple layers of few
millimetres to several centimetres. And normally this pitch is developed on a metal
substrate. So, it can be a gas iron substrate it can be a any other stainless steel substrate
and many other substrates there will be glues also provided because, this will help the

chips that are in micro to nano sizes which are coming out can be accommodated here.
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Components : Polishing Pitch

» Atroom temperature the pitch is a Befora impact
stiff, highly viscous and brittle
material.

» As it has the ability to flow under
pressure, which enables different
removal rates between high and
low contact points. Aftor impact

v

» Besides  these  points, pitch
polishing is a very slow material
removal process, it relies highly
on operator experience and can

ahave consistency issues.

So, the polishing pitch normally it is very brittle at room temperature. So, you have to

use certain temperature at the same time you have to use some of the pillars and other



things. So, as the ability of flow under pressure which enables different remove the
material. See this pitch normally can be made up of. So, many polymers under the same
time this can be mostly can be developed by natural type of polymers a natural type of
glues as well as this can be developed by synthetic based also and petroleum based also
can be developed. But this particular process is very slow material removal process and it

requires very experienced operators ok.
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Week-2: Pad Polishing
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So, the pad polishing basically, the pad polishing nowadays are moving towards chemo
mechanical planarization or chemo mechanical polishing process. Where you have a
polishing pad you can see this is a polishing pad and you have the polishing pressure you
are expecting and the slurry is kept and you have the work pieces here. This work pieces
you can accommodate one or multiple in number then you just hold it by certain pressure
and you rotate it. So, you can rotate you are workpiece holding part or you can rotate the
bottom part also normally you can rotate the workpiece holding part; so, that you will get

mirror surface on the workpiece.
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Week-2 : Chemo-Mechanical Polishing
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So, in chemo mechanical planarization the difference that you can see here is that you are
going to add some of the chemical ok. That is why this chemical what it is makes the
workpiece surface bit smoother so that the finishing can be easily taken place. And the
workpiece parent material may be hard compared to your tool material, but because of
the chemical that you are going to use these particular layers of one micron or something
on a workpiece will become softer and that particular layer only can be removed. So, that
you do not find any feed marks and other things you come across this particular process

in detail in upcoming classes.
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Week-2 : Elastic Emission Machining/Finishing
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So, elastic emission machining process where you can see a ultrafine powder particles
are forced into workpiece where there is a polyurethane ball is there mounted on a motor

and you are going to drive it and what you can see here is.
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Week-2 : Elastic Emission Machining/Finishing
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So, you are rotating a polyurethane ball and the abrasive particles and slurry is coming in
contact and there is no contact between the elastically complaints spherical tool as well
as the workpiece surface. Only thing is that the particles that are going to use in elastic
emission machining are finishing is going to come in contact with the workpiece
material. In that circumstances this particular process is called noncontact finishing

process. So, then how the material removal takes place ok.
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Week-2 : Elastic Emission Machining/Finishing
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Elastic emission machining is one of the atomic size machining process, but this is the
noncontact machining process. So, fine powder particles are brought into the workpiece
surface by the flow of pure water and chemical reaction between the workpiece surface
and the particles results in the removal of the surface atoms from the workpiece. That
means, that the main function of polyurethane ball is to facilitate the particles to come

near to the work surface and to pressurise the particles.

So, that there will be a chemical interaction between the particles as well as the
workpiece surface peaks and there will be a chemical reaction takes place and the
material removal in a atomic scale can be removed. Because, of these the surface

roughness that you are going to get is in a atomic scale.
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Week-2 : Elasto Hydrodynamic Polishing

So, elasto hydrodynamic polishing where the people are generating the polymer based
grinding wheels you can see the zoomed version of this particular thing here ok. This is a
polymer grinding wheel where polymer plus abrasives are made and you can use this
particular grinding wheel against any cylinder or any particular flat surface and other
things. But, the advantage of this particular process is you are going to get less forces
compared to vitrified bond where you can use the clay as a material that benefit enables

us to do for a better surface finish.
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Week wise lectures: Week-3 & Week-4

¢ Week-3: Advanced Polymer Assisted Finishing Processes

\/ﬁﬁ-LI: Abrasive Flow Machining and Finishing
\/WS-LE: Polymer Rheological Abrasive Medium/Fluids for Finishing:
Rheology and Tribology

W3-L3: Active abrasive particles and finishing forces during AFF Process



So, week 3 we are going to see the advanced polymer assisted finishing process where
you can see the abrasive flow finishing process and abrasive flow machining process
why it is called abrasive flow machining as well as why it is called as abrasive flow
finishing process. Then polymer rheological abrasive medium and its rheology then we
will see what is active abrasive particles and how this finishing process will help in

removing the material.
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Week-3 : Abrasive Flow Machining/Finishing
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So, abrasive flow finishing process is one of the advanced polymer assisted finishing
process where we will use polymer rheological abrasive fluids or polymer rheological
abrasive medium. And, you will reciprocate through the workpiece this is the workpiece

region and you reciprocate the polymer rheological abrasive medium and you can finish.

So, this is simple thing to see, but it is very complex to fabricate the medium and other
things. Because whenever you have a glass of water if you put a diamond particle
because of the density difference it may sediment that is why it is very difficult to
fabricate the medium where the abrasive particles do not sediment and other things ok.

So, in detail and other things you will see in 3 week of this particular course.
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Week-3 : Active Abrasive Particles
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As I said what is the difference between active abrasive particle and inactive abrasive
particle. Whenever you are reciprocating the medium by exerting some pressure what
will happen those particles that come in contact with respect to workpiece are nothing,
but active abrasive particles ok. And what are the pressures that are involved here is
radial pressure as well as the forces that are involved in this particular process is axial

force as well as radial force.

Axial force will move according to the direction of the applied pressure and radial force
will move perpendicularly. Because of there is assume that you have a surface roughness
like this abrasive particle because of radial force it will try to indent because of the axial
force it will come in this direction. So, combination of F R and F a that is radial force

and axial force you remove the material in the form of a microchip.
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Week-3 : Polymer Rheological Abrasive Medium
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You can see here whenever you are applying a pressure P in this medium this is a pure
medium this is pure polymer medium where your abrasive particles are embedded inside
ok. So, whenever you have a medium you are going to exert pressure P because of this
there is a axial force there is a radial force. This is nothing, but there is a (Refer Time:
35:35) effect will be there. There is a principle called (Refer Time: 35:39) effect
whenever you are going to apply the shear force along this direction the axial motion will
takes place on the same direction and there will be a another motion that is called radial

motion ok.

So, if there is a abrasive particle here. So, abrasive particle will try to intent because of
your radial force and it will try to come out with respect to axial force because of this the
chip will come out that is why you can see in this picture. So, because of the radial force
it will intent like this because of the axial force it comes like this. So that is why the
surfaces will all go finish the surface peaks all will shear off and you will get a better

surface.
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| Week-3 : Polymer Rheological Abrasive Medium

Medium with worn-out abrasive particles and micro chips

In this picture you can clearly see the polymer rheological medium after finishing action
ok. So, what are the shiny parts that are seeing here is nothing, but the chips ok. So, the
life of the medium also counts if you are going to accumulate more and more number of
chips in this one then it will be a problem ok. So that means normally the literature says
that whenever you have the original weight of the medium is 1 kg if it is exceeds by 1100
grams; that means, that 10 percent of its original weight then you have to discard the

medium ok.

That is why you should always see the life of the abrasive medium. Many people might
have studied about life of a grinding wheel life of a honing wheel and other things in this
way the people also study about what is the life of a abrasive medium or in a advanced

finishing processes also ok.
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Week 4 that means, that last week that we are going to see is advances in abrasive flow
finishing process that is drill bit guided and other things. And if time permits as I said
this is completely a tentative plan some of the lectures may be taken in week 3 also. That
is why I am mentioning week 3 and week 4 because some of the advancements can be
taken up in week 3 itself ok. So, spiral polishing, centrifugal force, assisted rotational,
abrasive flow finishing and other things. We will also see in the advancements such as
vibration assisted, elasto abrasive finishing process, magneto abrasive finishing process,

and electrochemical abrasive finishing process.

This magneto abrasive finishing process, electrochemical abrasive finishing process,
comes under hybrid abrasive flow finishing process ok. Then we will see what is the
practical applications some of the practical applications you might have come across in
the previous slides also ok. Like by your implants like knee implant, hip implant and
other things. And, if time permits we will also see about abrasive flow finishing

monitoring using acoustic emission temperature based and the other things.



