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Lecture — 25
Unbonded Conventional Abrasive Processes

Now, we are in the conventional abrasive finishing processes. Till now, we have seen the
bonded type of conventional abrasive finishing process; like grinding and the
corresponding grinding fluids, honing and all those things. Now, we are moving in this

particular class to un-bonded conventional abrasive finishing processes.
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Conventional Abrasive Processes

* Bonded Conventional Abrasive Processes
Grinding
Grinding Fluids
Honing
* Un-Bonded Conventional Abrasive Processes
Lapping
Super finishing
Sand Blasting
Vibratory bow! finishing & Tumbling
Drag finishing

@ Summary

Like lapping, super finishing, sand blasting, vibratory bowl feeding and drag finishing
and we summarised about the abrasive finishing processes. So, the first thing that I was
saying is un-bonded conventional abrasive finishing processes. Wherein the first process

comes is a lapping process.
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Lapping Process

o Draft from the Deutsches Museum in Munich, Germany
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Lapping Terminology

Lapping parameters: @

I. Lapping Wheels / Plate

2. Lapping Medium

_ , Slurry, which acts as the tool
3. Lapping Abrasives

Lapping

5 um diameter
alumina powder
sample

Water

Ground Glass

Image courtesy: University of Illinois

In the lapping process the parameters are like lapping wheels, are the plates that are
there, at the same time lapping medium and abrasives that are there which are used in
lapping process. So, the lapping if at all the if you want to finish any particular sample or
the workpiece you will have a lap; that is plate, wherein you have abrasive particles
carrying medium and all those things. So, we will see what is this lapping process and all

those things.
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Introduction

* Lapping is basically an abrasive process in which loose abrasives function as cutting
points finding momentary support from the laps.

2 Lapping involves the cutting and shearing action of loose abrasive particles and the
fine grinding of abrasive parficles embedded in the lap plate.

* Material removal : General ranges from 0.003 to 0.03 mm but reach 0.08 to 0.1mm
in certain cases.

% Characteristics:
# Use of loose abrasive between lap and the workpiece
# Lap and workpiece are not positively driven but are guided in contact with each
other.
# Relative motion between the lap and the workpiece should change continuously
s0 that path of the abrasive grains of the lap is not repeated on the workpiece.

Lapping is basically an abrasive finishing process, machining process. If at all people are
talking about machining; that is material removal, it is machining process; otherwise it is
a finishing process. Mostly lapping process is comes as a finishing process, only you do
not bother about, what is the material removal. We always go for the finishing that is

achieved on the final product.

So, which is the loose abrasives for cutting points for the this one. Lapping involves the
cutting and the shearing action. This is of the loose abrasive particles in order to fine
finish the components material removal. Generally it ranges from 0.003 to 0.03 mm that
is the thickness and, but maximum it may reach 2.1 mm also, that is the material
removal; that means, that it is not a material removal process, because the material

removal is very very minute

So, the characteristics of lapping process, it uses the loose abrasive particles between lap
and the workpiece which you have seen in the previous slide. So, lap and the workpiece
are not positively driven, but it is guided in contact with the each other, because there
two contacts will be there. So, in between the fluid as well as the abrasive particles will
be there and it will be done like this. So, there will be a fixed one, there will be a lap in
between the medium will be there and the workpiece is fixed on the bottom and you can

do the lapping process, relative motion between the lap and the workpiece.

This is the most important, should change continuously. So, that the path of the abrasive



grains of the lap is not repeated. Assume that if the path is not changed what will
happen? The finishing takes place on the same path, the workpiece is like this. If I have a
lap on top and abrasive particles are there, if it rotates there itself, there is a possibility

that the abrasive particle will follow the same track and create the scratch in the same.

So, you need to change the relative motion, you need to change the path. If at all the path

has to be changed then you should change, continuously change the path.
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Lapping
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So, for that purpose you should change the relative motion between the workpiece as
well as the lap continuously to in order to change the path of the abrasive lapping
normally the tool which is a flat disc or a plate made up of, normally the soft of type of
materials such as cast iron, aluminium alloy, copper and brass. The abrasive mediums are

carried out by medium basically.

Medium is nothing, but an agent which carries the abrasive particles like grease oil,
water and high viscosity means a high abrasion. Normally if you are going for grease, if
you are going for the grease what will happen? The viscosity will be very high. If the
viscosity is very high, the material removal will also will be very high; that is what the

meaning of the sentences

There are two varieties of lappings are there; one you just have the work pieces on the

bottom like the red ones. If you see the figure one and this is figure 2. In the figure one



what is the thing that I want to say is the work pieces are placed on the green one, these
are the work pieces and the lap will come on the from the top and it try to finish. This is
with respect to one lap it; you can do on the both sides like you will have a lower lap. If

you see the figure 2 and there will be a upper lap.

So, you will have two laps in between you are holding the work pieces. So, you can do
the both ways, both the second one. Figure 2 is a quite economical, because for the same

input you can do on both sides
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So, the main function of the lapping process is the finishing process. If you see the
before finishing and after finishing, the finishing that you are going to get is better and
better so, the before finishing this is a surface and after finishing this is the surface. So,
what will happen that you are going to get a good aesthetic appeal, you are going to get

better surface finish that is low roughness.

At the same time you will have a high load bearing capacity and all those things, that this
is a common for most of the finishing process. And lapping is one of the finishing
process that is why mostly you go for the finishing using lapping if at all. If it is a flat
surface or if it is a cylindrical surface and all those things, normally people go in a small

scale industry for the lapping process
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Lapping Process
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So, lapping process if you see in D, there are the mechanism goes by 2 D and 3 D
abrasions, whatever I want to say is 2D abrasion. 2D abrasion means if there is no
relative motion between two surfaces, assume the grinding. In a grinding process what
will happen? You have a grinding wheel where you have abrasive particles are fixed and

you have a workpiece on the bottom.

So, there is no relative motion between abrasive particles and the grinding wheels. So;
that means, that whatever the abrasion, if I give the depth of cut and all those things what
will happen? Same, approximately same depth of cut will be removed from the

workpiece ok. So, that is nothing, but the 2D abrasion

Here 3D abrasion means. In a 3D abrasion what will happen? Lapping is good example
you have a workpiece on the bottom and you have a particles, abrasive particles which
are carried by the carrier medium. So, you have a lap and the topside in that
circumstances what will happen. These particles are loosely bonded or these are un-
bonded in that circumstances. The abrasive particles not only follow the path of the lap,
but also has its own orientation or rotation about own axis. In that circumstances the

abrasion takes place in the 3 dimension that is why it is called the 3D abrasion

So, in the grinding, process is a bonded abrasives and the lapping process is a un-bonded
abrasive. So; that means, the un-bonded abrasives have the freedom or independent to

move about or rotate about its own axis, also along with the axis of rotation of the lap for



that purpose. Normally this lapping process is considered to be the three abrasion process
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Lapping Process
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The lapping tool is rotated or oscillated moved irregularly across the machined surface,
so that the random motion can be generated. If the random motion is generated the
surface finish will be better. So, there are two types of methods which are equalising
lapping, another one is formed lapping. So, equalising lapping removes the previous
shapes or the flattening, this is the main purpose normally. If at all somebody I want to
remove certain micro-layers or nano-layers, you can use at the same time, you you can

use for the flattening the surface.

For the form lapping, the lap is a negative shape of the surface what will happen? If at all
I want to generate particular shape, assume that [ want to generate certain shape on a flat
workpiece what will happen? You will have a lap like this, and you will rotate what will
happen? This negativeness will generate basically. So, this portion you are going to get,
this is called the form lapping process. Negative shape will be there and you can

generate; that is the difference between equalising lapping as well as the form lapping
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Lapping Process : Mechanism
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The lapping process mechanism for the brittle materials and ductile materials goes like
this. Just first we discuss about the ductile materials. Always ductile materials will go by
chipping process only; that means that shearing process like metal cutting process,
whenever you are seeing the continuous chips in ductile material and all those things
similar fashion, the material removal takes place by the shearing of the surface of the

workpiece by the abrasive particles that are involved in the lapping process.

So, there is a workpiece and your abrasive particle will come and it will take out a chip.
So, that is how the shearing takes place in this one and gradual shearing takes place the

surface peaks, this is about the ductile mode of removing material

But in case of brittle materials, if the workpiece is like a glass or if the workpiece is like
a silicon. These are the brittle materials, normally material removal. Brittle materials is
just first it will have a crack, then it will remove the in terms of the fragments as a chips
ok, you are, chips are like fragments of the brittle material, this is how the material
removal takes place. In the most of the brittle materials like cracking, then followed by
the fragments in the ductile materials, it is like a shearing operation by the abrasive
particles. This is the difference between ductile as well as brittle materials material

removal
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Lapping Materials
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So, lapping materials, if you see the lapping abrasive types; normally the abrasive types
of like alumina chromium oxide and boron nitride, boron carbide, diamond. These are
the mostly or commonly used abrasives in the lapping process medium; that is carrier
medium, like whatever it carries and all those things that is like machining oil, rape oil,
grease. Mostly people will use the grease if at all material removal want to be more, if at
all material removal is requirement is less, in that circumstances you can go for low

viscous liquids

The technical parameters that is unit pressure, how much pressure you are going to apply
on the workpiece, the gain size of the abrasive that what is the grain size, whether you
are going for coarse grain, whether you are going for a fine grain and a medium grain
and all those things that will decide your material removal. If the grain size is coarse, the
material removal will be very high. If the grain size is less what will happen? The

material removal is very low.

So, the concentration of abrasive particles in the vehicle; that means, that agent are
medium, vehicle is also a word some of the people will uses. So, the alternatively you
can use, say that medium rs. So, the concentration of the medium, if the concentration of
the abrasive medium in the agent; that means, that if [ am using 50 percent of the

abrasive particles among the concentration, then material removal will be very high.

If I compare to, if the abrasives we are, you concentration, if I am using like 20 25. So, it



is all required by the what type of requirement the particular operator have. If the
requirement is finishing, you do not need to go for higher amount of abrasive particles. If
you are going for the higher material removal rate, you have to go for coarse as well as
high concentration. So; that means, coarse particle you have to go and you have to go for

higher concentration also

The lapping speed if the less speed increases what will happen? The number of times the
abrasives come in contact with respect to the workpiece will be a very high. So, the
material removal also will increase. Since it is, we are considering this particular course
as machining as well as the machining fluids course, we should talk about mostly about
machining that is why the, if [ am going to increase pressure material removal rate will

increase.

If I am going to increase the particle size material removal rate is going to increase. If [
am going to increase the concentration material removal rate increases. If I am going to
increase speed then material removal will be increased; that means, material removal is
primary concern, if you are, then you have to increase all the four parameters. If you are
finishing is your requirement then you have to play according to the requirements of

yours custom raised requirements ok.

Brittle workpiece is normally the abrasive is like diamond, you can use carbon CBN, you
can use silicon carbide, alumina and corubdum. These are the workpiece materials you
can do the lapping. I mean to say these are the workpiece materials, these are all also as a
tool materials; that means, abrasive materials also, but you can also do these work pieces,
but only thing is that, whenever you are use this workpiece materials as silicon carbide or
aluminium oxide, then you have to choose your abrasive particles slightly higher than the
hardness of workpiece material. In that, circumstances you have to go for CBN; that is

called cubic boron nitride and all those things.

So, if at you are going to do the lapping process for aluminium oxide; that is alumina,
then you have to choose always higher hardness; that is like cubic boron nitride or
diamond and all those things that should be taken care with respect to this particular part
of this slide. So, the ductile workpiece materials, normally the ductile workpiece
materials are like a mild steel copper and these are all the one variety of the materials.

The ductile materials getting surface finish is not that much easy, because the scratching



is one of the prominent problem that is why mostly the lapping process will be used for

the harder materials, but you can also go for the ductile materials and softer materials.
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The various types of lapping process if you see, this is called the surface lapping where
you have, a tool will be there, workpiece will be there and you just give the motion or the
relative motion to both of this one there called sphere lapping, where if at all I want to go
for lapping of a sphere, just you need to have a converse shape or the negative shape of it

and you can do the finishing process.

Then cone lapping. Again the converse shape you are going to have, then you are doing,
these are all called the profile lapping. If at all I want to do a profile, you have to have
the converse of that profile then you do the lapping process cylindrical lapping.
Cylindrical lapping will be external cylindrical, peripheral lapping is one of the process,
external cylindrical, face lapping will be another process, internal cylindrical peripheral

lapping will be another process.

So, you can do whatever you want, but only thing is that according to your requirement
you have to change, you have to medium that is abrasive medium. Abrasive medium is
abrasive press the carrier you should have selected according to your requirement. So,
another one is thread lapping, where thread lapping is external thread lapping as well as
internal thread lapping, two types of things are there. So, you can go for here and here

also, the shapes that the tool which will have or the lap that you will use, will have the



converse shape. These are the four varieties of the lapping process.
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So, the mostly commonly used in the small scale industries is the hand lapping process
and if at all I want to do some of batch or mass production of that particular components,
people can go for the machine lapping ok. Machine lapping you can go in a one go,

multiple components and you can do the lapping process.
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Lapping : Effects

< Effects on materials-
J¢ Seratches on workpiece
3/ Abrasive damage due to particle breakage

S/ Forces developed affect properties of the workpiece surface.

./ Silicon carbide (SiC) 2450 kW) Blocky, Solid, Sharp
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V4 Boron carbide (B,C) 3000 2.51 Blocky, Solid, Sharp
« Diamond 6000 1.5 Sharp, Angular, Solid

This is about the lapping process and the effects. If you see regarding the lapping process

is concerned, the basic problem comes is a scratches on the workpiece. If the workpiece



is ductile or soft material, normally the problem will be like scratches on it. It is not only
the polishes are the finishes, but also it generates its own scratch marks, because the
hardness variation between the workpiece, if it is soft workpiece, the hardness will be
much low and if you are using your abrasive particle like a CBN or silicon carbide, the
hardness ratio is very very high. In that circumstances if not only remove the surface

peaks, but also can generate the scratches on it.

The second one is abrasive damage due to particle breakage. Since the abrasive particles
are about brittle materials, whenever you are giving the motion, random motion they
collide with another particles at the same time by involving continuously with respect to
workpiece, what will happen? Particle breakage will take place and this may damage the

workpiece. Also the forces developed affect the properties of the workpiece surface.

If the forces are very high the problem will be that the material removal will be very
high, the forces should be uniform across the surface; otherwise you will get a non-
uniform surface roughness. These are the materials abrasive materials. Normally you can

go or the you can also do the finishing of this work as a workpiece materials also
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Advantages of Lapping
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So, advantage of lapping, the advantages of lapping is high accuracy surface geometry,
good quality means aesthetic appeal will be very good, repeatability will be very good
and you can achieve the required tolerances and no warping of the components. There is

no warping and no heat generation, because continuously liquid presence is there; that



means, that medium presence is there that is why there is no problem of heat generation
in the lapping process; that is why most of the small to medium to large companies will
go for the lapping process for the polishing or the finishing of any simple geometrical

components.
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Applications of Lapping

So the applications, if you see this before and after. This is the before and after the
lapping process and you can also see in a single go, you can go for the multiple
components you. If you see here how many components they are finishing? If you see 2
2 22 10 in one set you are going. So, if this type of sets, multiple sets will be there. So, it
can also use for batch as well as mass production. Also you can do the finishing on in a

mass spectrum.

So, you can do for the braces whatever the internal surfaces. Also you can use and the
most importantly some of the high-tech applications of the lapping is mirror like
finishing. So, you can use for the mirrors you can use. You can see here these are the
advanced type of mirrors where on one side you have a mirror surface and another side

you have this type of texture.

So, these are all used for the high-tech applications, some of the applications like one
side you need you can go for the cooling application, on other side you can go for
bombarding of some of the advanced raise and all those things. So, this is having a wide

variety of applications from the point of finishing.
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Now, we move on to the super finishing. This is one of the conventional finishing

process where you will use the coolant, where you can use the bonded abrasives partially

as per your requirement.
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Super Finishing
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So, super finishing is also known as the micro nano finishing. Thus this is achieved by
removing just a thin amorphous layer; that is about 1 micron in magnitude left by the
previous process. If at all I want to use the super finishing process, I am going to use the

previous process; that is like a grinding or I am going to use the hard turning process. If



at all then I am going to do this finishing process then you can achieve the surface; that
means, that whatever the layers that are left by the previous processes can be removed by

the super finishing operation.

The super finishing is unlike polishing which produces the mirror finish and creates a
pattern on the workpiece; that means, that you have seen the picture. In that picture it has
rotating workpiece and a brush type of, that is nothing, but the plunge type of thing is
there. So, if it is rotating that only polishes the surface, but also it can generate its own

pattern; that is nothing, but the lay predominate direction of the surface finished

People you might have seen in the first or second class, where there directrix and
generatrix. So, that directrix will be formed on the, which is like a circle will form on
the. Not directrix, it is generatrix which will form on the workpiece surface. There are
two varieties. These are the two varieties which are the there in the super finishing

operation. One is a plunge type; another one is a roller type will come across that.
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Type of Super Finishing: Plunge type Super Finishing
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One is a plunge type of super finishing. If you see this type used to finish irregularly
shaped surfaces; that means that if you have any type of irregular surface you can go for
this particular super finishing type. This workpiece is rotated while the abrasive plunge is
into the desired shape; that means, that this is a plunge you are going to apply the
pressure on it and you are going to rotate this particular workpiece. So, you will get the

finishing operation



So, for this purpose this, whatever the stone which is there, this may be flexible, this may
be a solid. At the same time people you can also go for liquid abrasives here by putting it
and you can rotate it, people uses like that also. So, you can see some of the advanced
varieties of super finishing where they can use the porous stone and they just put the

abrasive slurry, then they will, you rotate the workpiece.

Some of the advanced varieties they are doing like this, like we can take the porous
plunge and they put abrasive slurry, then rotate the workpiece in the circumstances the
finishing will be slightly better. So, there are lot of parameters that place the finishing
operation performance like what are the abrasive particle size, carrier, medium abrasive

particles concentration. The carrier medium and all those things will play a major role
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The another one is the wheel type or the roller type. So, this abrasive cups are the
wheels, basically are used to super finish flat and spherical surfaces. You can go for the
flat surface as well as a spherical surfaces using this wheel type super finishing. The
wheel and work pieces are rotated in opposite direction, basically the wheel and
workpiece normally rotated at the opposite direction which creates the crosshatch pattern
in this aspect, what will happen. You can go for the crosshatch patterns on the surface,

not only the finishing, but also you can get some pattern

If the two are parallel then the results in the flat finish, but if the wheels is tilted slightly

now normal, you can get concave or convex, depend on how you are going to tilde. This



is how the wheel type of super finishing will takes place. There are two varieties one is a
plunge type, another one is a wheel type of super finishing and the plunge type uses for
its one applications roller type. Also uses for its own applications, if at all T require
crosshatch pattern then I keep go for a roller one, if I want the flat then, if I want the

normal one then I can go for the plunge one
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Conventional Super Finishing: Surface improvement
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So, before and after what will happen? If I am going to use the super finishing operation,
the plunge type if you take, this will erase all by rotation. By rotation what will happen?
These are all will go. So, these are all will go in, then you will get final surface finish
like after finishing ok, you will get the shearing. Normally abrasive process will shear,

always peaks on the surface to get the good surface finish
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Super Finishing : Advantages and Disadvantages
Advantages

* Increasing part life, "

* Decreasing wear,

+ Closer tolerances. /

* Higher load bearing surfaces.”

* Better sealing capabilities. _~

* Elimination of a break in period /
Disadvantages

+ Superfinishing requires grinding/hard turning operation before, which increases cost.

+ Superfinishing has a lower cutting efficiency because of smaller chips and lower

material removal rate.

+ Superfinishing stones are softer and wear more quickly, however they do not need to

be dressed.

The advantages of the super finishing; It increases the part life; that is the competent life
decreases the wear, because your surface peaks are very less. So, the way will be very
less close tolerances. You can achieve very better tolerances as per the requirement of the
customer high load bearing surface. If the surface roughness is too low what will
happen? Number of peaks will be very less. So, the load-bearing area of that particular
surface will be increased better sealing capabilities. At the same time you can have the

break-in period. So, elimination of break in period

The disadvantages of this particular process; every process will have the pros and cons.
So, there is a, there are some disadvantages that is called you need a pre-finishing
process or a pre-machined process; like a grinding or hard turning process, then only you
can use the super finishing operation. The cutting efficiency is lower, because the chips
are very low. You have seen the grinding operation, where chip size decreases from

turning to the milling to the grinding operation.

If the chip size decreases what will happen? The specific cutting energy requirements
will goes up; that is why the energy efficiency in this particular process will go down,
because the chip size in this particular process is still lower compared to the grinding
process. So, another disadvantage is the super finishing stones are softer and wears very

quickly. These are the three disadvantages of the super finishing process.
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Applications of Super Finishing

If you see the applications of the super finishing process you can see how the super
finishing processes taking care by the brush. This is the workpiece which is very shining
and these are the brushers which are there and these are the multiple processor finishing

the surface.

So, you can see how the surface is looking like a, it is looking like a mirror surface. You
can also go for the irregular shapes. This is the overview. The bottom one is just a over
overview, wherein if you see a particular portion then you can see here. So, this is how

the mirror like surface finish, you can achieve in the super finishing operation
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Lubrication in Superfinishing

MOL nozzles ¥

Worn abrasive graing - !

Belt >

b £

Rt

Conlact roller . W—‘-_ -
h -

]

JAWINMAWHKING 01100

Warkpiece

§ Composed Slurry )
New abrasive grains

Fig. : llustration of belt finishing under MQL
conditions. [A. Khellouki et al. / International
Journal of Machine Tools & Manufacture 50 (2010)
917-921]

Coming to the machining fluids are the lubricating fluids or the finishing fluids, you can
you can, normally the machining fluids in the super finishing operation. Basically it goes
by the lubrication, because finishing action takes place by the friction or abrasion action.
In that circumstances, the heat generation is much much less for that purpose. Obviously,

the person has to go for lubricating type of cutting fluid rather than cooling type ok

So, mineral oil thing, you can go and even people can go for MQL also you can see the
mgql also, people are using, but only thing is that, I strongly suggest with main small
knowledge is that you can go for the pure lubricants even if you are going for the
minimum quantity lubrication application also. So, this may increase or enhance the
process efficiency. So, those people who are interested to take the research in the super
finishing is a good area. You can try with the MQL, as you are one of the thing like

sustainable super finishing operation.

So, take the plunge type or roller type whatever is suitable to your nozzle application,
where you can put a nozzle and all those things, plunge type slightly may be difficult. So,
you can go for the roller type and you can take up how the performance of the super
finishing process from the point of the surface roughness achieved. You can talk, you can
go for variation of the air pressure or the concentration of your cutting fluid are different.
Different types of lubricants you can use and many many things you can play. This is

about the super finishing process. Now, we move on to sand blasting. The sand blasting



is one of the mass production process ok.
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Introduction to Sand Blasting

» Sandblasting is one of most effective ways to
shape or strip and smooth a surface of any foreign
material.

* Corners, nooks, or crannies are easy o finish

* Create virgin like surface ¥

* Use compressed air fo "blast” fine sand or other
abrasive, high grit materials through a nozzle and
al the object desired to be sandblasted.

» Materials otherthan sand which are being used :
v Steel grit, steel shot, glass beads, Black Beauty
R _— —_—
\,/ Ground nut shells and corncobs

@W\Iuminium oxitic(Af L%)

So, if you see sand blasting, normally it uses the sand particles which are senior. Sand
blasting is one of the most effective way to shape or strip or smooth surface by any
foreign material. Normally this process you can give the some shaping or normally if
there is a big castor product is there, if I want to remove some casting layer, the surface

of the casting product you can use this sand blasting.

This process can be used to finish the nooks and crannies and you can also generate
virgin like of surface, not the virgin surface. So, you can use the compressed air to blast
the fine sand or other abrasive particles. What I mean to say is that, there will be
compressed air, there will be sand. You just mix internally and send to the component to
be finished at with very high pressure. So, that the finishing will takes place all the that

particular object or product

Materials other than the sand can be like a steel grits, steel shots or glass beads, the
groundnut shells, many things you can use aluminium oxide; that means, that the AI203

also you can use, but depend on your requirement of your particular application.



(Refer Slide Time: 33:11)

Sand Blasting Particles
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So, the particles, the particles you can use variety of particles here, you can see the sand

particles different different the type of abrasive particles like AI203, coal slag, brown
aluminium oxide. This is the black aluminium oxide, this a will be black aluminium

oxide and ¢ will be brown aluminium oxide.

You can also go for beads like of thing. So, you can see these are the spherical bowls
where you can do the burnishing operation, see sand blasting, you can do by, it is one
type of burnishing operation whenever you just impinge this particles with high pressure
on the workpiece what will happen? This will go and deform the surface roughness peaks

which are formed during the previous process; this is how the sand blasting works
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Sandblasting : Main Purpose

+ Used to clean the workpiece surface
and remove impurities as well as
suspended particles

The main purpose of the sand blasting is, it is used to clean the work pieces and also use
for removing the impurities and the suspended particles. You can see here, these are the
rings of the vehicles before and after. So, how it is clean perfectly, so that you can reuse
this one by painting it again and again clearly, you can see here the difference between

before and after, this is before, this is after.

So, how beautiful the sand blasting worked here before and after. So, you can remove the
rusted; that is oxide layer clearly gives like a virgin surface, it is may not be a virgin

surface, it looks like a virgin surface sand blasting.
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Sandblasting

v Use of compressed air.
v Sand was sieved to a uniform size. ./~

¢ The silica dust produced in the sandblasting process can yield to silicosis.

—

A chronic lung disease due to continuous inhalation of silica dust particle.

However, this may be prevented by using protective clothing and breathing

air supply.

 ——

Alternatives to sand are glass beads, metal pellets, dry ice, powdered

abrasives of various fineness and ground coconut shells.
» Alternate Abrasives

e- Glass beads . Metal pellets, Dry ice, Powder abrasives

It uses the compressed air at the same time, it is you take the abrasive particles you see
with as per your requirement what is the size that you want and all those things then you
can go for the using in the sand blasting, basically sand is a silica. So, on a silica dust the
basic problem with this one is silicosis problem. So, the this is a chronic lung disease due
to the continuous inhalation of silica dust particles, because you are sending with high
pressure gas along with the silica dust; that is the sand, what is the problem people if
they are not going to use proper precautionary things like mask operon and all those

things what will happen?.

The silica particles, the dust will go into the lungs of the person; however, this prevented
by using a protective clothing and breathing supply. So, if at all the people take care or
the operator take care about its operon mask and all those things you can prevent it.
Alternatives to send are glass beads metal pellet us dry ice, many things also can be used

like these are the particles that you use.
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Health Hazards with Sand Blasting

v

@ An X- ray of patient with lung silicosis as the result of the sand blasting

If you see the lungs, this is the x-ray of a patient with the lungs silicosis are the result of
the sand blasting. Basically this is the normal one and it is silicosis affected one, you can
see people whoever watching or listening to the course, you should careful about the
operator. If you tomorrow you may become engineers, so you should provide the

operators with proper attire, proper mask, proper dress and all those things.

So, that the operator will be safe and operators family will be safe. It is not the operators
health or something it is the family, please consider this as a humanitarian grounds and
you can tell the operators that this is what the difference, if you wear, if you do not wear
and all those things, because sustainability or the sustainable manufacturing is what a all

people want.
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Safety Precautions

Worker sandblasting without the use of Worker sandblasting wearing full coverage
proper personal protective equipment. His  protective gear.
face is covered with a bandana instead of a

placeable particulate filter respirator

The safety precautions what you can suggest to the operators is this is how one should
not use this is the wrong way I mean to say the application I am not saying this is how
the wearing and all those things is not the right way this is how you can use the operon.
So, if you can properly wear and all those things attire mask and everything this is the
good way ok. So, suggest the people that this is what if at all you are going to work in

the sandblasting area.
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Types of Sandblaster machines

v Tl ’ P
¢ Automatic Sandblaster: machines | » Blast Cabinets: enclosures in which items
that  eliminate the use of manuali gpe placed to  be abraded. Useful in
movement of either the shot stream ol‘: containing the  blasting operation  and
the workpiece, but rely on mechanical | preventing exposure of the blasting media
means to supply these features. to surrounding workers.
e

So, other things are, there is no involvement of the operator, you can do directly



automatic sandblastings are there. So, these machines are available, you can, the
company can purchase. At the same time the people, if at all the component has to be
handled there will be a glove box based cabinets are there. Like if you see in a clean
rooms you will have a glove boxes and all those things. Similarly sand blasting you can
do inside the glove box are the cabinet, so that there will not be much problem and you
can do the, even the operator can see from the screen. So, these are the some of the

advancements in the sand blasting.
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Micro Abrasive Blasting

+ Powder comprised of spherical microsized glass beads, SiC, Al,0;, sodium
bicarbonate (for polymer made implants), etc.

* Mostly used for stents, shunts and cages to deburr them, remove oxide layers
from surfaces and striations left by laser machining, lightly texture the surface to
improve adhesion characteristics.. '

« Abrasive creates micro/nano dimples or dents
on the surface.

*/Nanofinishing is not achievable due to size
limit of abrasive particles.

* Abrasive embedded on the ductile surface,

§ Cutting tool engineering magazine,
(35 May 2007, Vol. 59 ()

So, there is another one concept called micro blasting are the. Here also one people can
go for the sand blasting and other things. So, powder compressed of spherical microsized
glass beads, like a silicon carbide Al 20 3 and all those things. Normally this micro sand
blasting are used for mostly for biomedical applications; like stents shunts and all those

things ok, used for finishing applications; like nano-finishing.

These cannot achieve the nano- finishing, but these are all mostly used for the debarring
operation ok. This is the particular component where I want to do the debarring
operation, because there is a pattern generated. Whenever a pattern generated, there is a
chance of birth generation on surface. people you may not know if this is the surface, if
at all I am doing, there will be burs; that means, that un-removed metals are smeared
metals, I cannot say smeared. So, the some of the lump of the chip, which is adhered to

the side edge is nothing, but the bur ok.



These burs are removed, because whenever assume that this particular is a endoscope or
a chronoscope what will happen if there is a bur, what will happen if you a endoscope or
a chronoscope. If endoscope goes into the throat what will happen? This particular bur
will cut away the soft tissues of the human being for that purpose, you need to do
debarring operation; one of the process that you can do the debarring operation is micro

blasting.

This is about the sand blasting and one of the advancements is a micro sand blasting are
the micro abrasive blasting in the micro abrasive blasting. You do not use the sand; you

can use a sophisticated one like silicon carbide, alumina and all those things
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Introduction to Vibratory Bowl Finishing

Finishing parts in bulk by a mixing action in a container, usually in the presence of
an abrasive media
—

v Mixing causes parts to rub against media and each other to achieve desired

e ——————

finishing action

v Parts are usually small and therefore uneconomical to finish individually

* Tumbling ~

¥ Use of a horizontally oriented barrel of hexagonal or octagonal cross section in
which parts are mixed by rotating the barrel at speeds of 10 to 50 rev/min

¥ Finishing by "landslide" action - media and parts rise in the barrel as it rotates,
then top layer tumbles down due to gravity
@'r Drawbacks: slow, noisy, and large floor-space required

Next one we are going to the vibratory finishing and tumbling process. So, vibratory
bowl finishing the finished products in bulk, basically in a container, usually in the
presence of a abrasive media. You just put a abrasive media, you put a components, then
you apply the vibrations are the oscillatory motion to the bowls mixing causes parts to
rub against the media; that means, that abrasive particles are there. This will rub against
the components and do the finishing operation; parts are usually very small; therefore,

uneconomical to finish individually.

Basically here the components are very small, if at all I want to finish individually that is
not economic, the cost of the production, cost of the component goes very high. So,

though for that circumstances you can go for vibratory bowl feeding. Another one is



tumbling process, it is normally horizontally oriented barrel basically and if the
mechanism will be used like a land sliding. So, whenever you have a abrasive particles
as well as the components, you just rotate it, what will happen? land sliding type of

material removal action will takes place.

The basic drawback of this process is, this is the slow process at the same time noisy. If
at all the tumbling or the vibratory bowl finishing is going on this interaction of abrasive
particles with a components, at the same time rotation of the bowls will give large noises

and it occupies large floor area also.
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Tumbling

* Mass finishing is possible "
+ Good for shaping the Difficult to achieve controlled finishing...””

+ Non-uniform finishing due to random contacts._~
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@ + Centrifugal Disk Tumbling + Centrifugal Barrel Tumbling
This is the tumbling you can see here, this is the process for the mass finishing and the
good shaping process, but not the finishing process I have, a assume that I have a
components with the cascade components, I want to remove a layer on top. So, you can
go for this, you can get the shape, but not the final finish, assume that if [ want the nano-

finish you may not achieve, but you can get the similar

So, non-uniform finishing due to random contacts; so, abrasives are loosely bonded; that
means, that these are individual and you are rotating it, what will happen? The contact
will be random. So, the surface finish that you are going to get on the component will be

random ok.

So, this is the one variety; that is called centrifugal disk tumbling. Another one is a



centrifugal barrel tumbling. These are the two varieties one goes vertical, another this is
about this axis, another one will go for a horizontal axis; like this is the one axis, this will

go like horizontal axis ok.
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Tumbling

» Diagram of tumbling (barrel finishing) operation showing
"landslide" action of parts and abrasive media
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* Vibratory Finishing
R il
» Alternative to tumbling .~
» Vibrating vessel subjects all parts to agitation with the abrasive

o media, as opposed to only the top layer as in barrel finishing

So, this is about the tumbling, again if you see the diagram of tumbling at is nothing, but
the barrel finishing operations showing the landslide action. This is how the sliding will
takes place; that means, that medium what is the abrasive medium will takes place like a

landslide like this and the finishing will takes place

In a vibratory finishing process what will happen? Alternative to the tumbling, this is one
of the alternative you can go for and vibratory vessel, subjected to all parts agitation with
a abrasive media, opposed only the top layer in the barrel finishing, what will happen?

You just put it here and you just rotate it and you will get the finishing process.
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Vibratory Finishing

» Processing times for vibratory finishing are significantly reduced
/> Open tubs permit inspection of parts during processing, and noise s
reduced
» Media shapes in vibrating finishing

» Typical preformed media shapes: (a) abrasive media for finishing, and
(b) steel media for burnishing
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Vibratory finishing, the process times for vibratory finishing a significantly reduced; that
means, that the products are finished in a mass production. So, the time will be very less,
at the same time open tub permits the inspection of the parts during the processing and
the noise is reduced. So, open tub permits the inspection. There are open tub and close

tubs are there, so you can go for any type of thing.

Media shapes in the vibrating finishing are like abrasive medium for finishing steel
medium for burnishing; that means, you can go for two varieties. If at all my requirement
is the finishing process, then I can go for abrasive particles. If at all my finishing is by
burnishing, normally I can go for a steel media; that is steels spherical. Bowls are any
particular shape that you can generate and use. These are the some of the shapes that are

used like a sphere star arrowhead cone pyramid to the pins ok.

Depend on your requirement you can go for these types of shapes, in the, you just put
any one type of shape in the vibratory bowl finishing process and you put the competent,
then rotate it and this will help. So, how it will help, if at all I want to shear it I have to
use abrasive particle. If I want to burnish it I have to use the steel type of particles like

this. So, now, we move on to the drag finishing process in the drag finishing process.
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Introduction to Drag Finishing

* Mass finishing process.
# Large parts are clamped in specially designed holder and then dragged with
rotary motion through finishing or polishing media.
% Avoids some dents or scratches from part-to-part or part-to-wall impingements.
4 Application:
v’ Acrospace discs [§
v Medical implants
o Turbine blades
v Gear components

v Drill bits
v Milling tools

You can see this is also one type of vibratory finishing process, but here the work pieces
are held and the abrasive particles are at the bottom. This is also a mass finishing
operation. At the same time large parts are clamped in specially designed holders and
then dragged with the rotary motion through the finishing or the polishing media. These
are the Neem plants, whatever you are seeing is a Neem plant basically and you put it
and you rotate with the abrasive particles. So, are the drag across; that means, that your

abrasive particles will be also stationary.

Now your abrasive particles are there in the bowl, you put the your implants or you hold
your components, then you give certain motion to the whatever the moving objects is
there. Assume that this one is a moving one you just give the motion to it, so that

abrasive particles will interact with the components.

Like in this case, it is Neem plant and you can do the finishing operation, avoids some
dents or scratches from the part to part. The beauty about this particular process
compared to the previous process is. In the previous process you are just putting, all
assume that I am putting a Neem plant in it, then I am rotating with respect to certain

speed what will happen.

There is a chance Neem plant to Neem plant contact also, but this will be not there in that
particular operation, because these are fixed to certain particular portion of this rotating

part and abrasive particles will have their own finishing action. So, applications normally



medical implants you can do, then aerospace you can do turbine blades, gear

components, drill bits many things you can go for this particular operation.
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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

This is a mass finishing operation without touching each other that is good. That is what
we have seen in the previous slide also, random nature of finishing is taking place;

because this is abrasive particles are randomly oriented.

As you can see here in the previous slide, the Neem plants are on top side, here the
components are held inside and now you rotate it. There are separate motors, for each
motor is connect here, assume that this motor is connected to this one and you can also

see here the video, you might have seen the video how it is rotated and all those things.
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Processing Goals : Edge Rounding

+ Achieves the following :
v' Removes grinding burs
Stabilizes the cutting edge
Give uniform surface structure at the cutting edge
Extends tool life
Gives better bonding for coatings
Reduces jaggedness at the cutting edge
Reduce chipping at the cutting edge and build-up
edges

GRS

This process normally uses for the edge rounding; like achieving the following, like
removes the grinding burs, you in stabilizes the cutting edges and extend the tool life. So,

on many applications you can use for this one, normally debarring operation is also.
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Processing Goals :Polishing

% Achieves the following :
v Improves the surface quality
v Reduces roughness

v Improves chip flow
Before processing — After internal After polishing , ~~
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Then if you can see here, before processing and after grinding operation and after

+

polishing operation, you can how, how you can change from these to these and these to
these. You can see here at the same time tool holder, you can see before and after and the

thread cutting tips also ok. These are all the applications of this particular process. This



process can improve the surface quality, reduces the roughness, this is the most
important, because of the finishing process the roughness has to go down and improves

the chip flow also.
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Key Factors in Drag Finishing

I. - Machine Parameters
v Speed : Higher speed gives greater roughing value
v Processing time : Longer processing time higher degree of rounding.
v Direction :
* Low workpiece rotation = Uniform finish
* High workpiece rotation =More pronounced rounding of the corners
v Immersion depth : Constant pressure of the mediaincreases with immersion
depth because of static pressure.
v' Angle of holder : Advantages for the processing of the workpiece face and
of large flat areas.
2. Workpiece
v Workpiece size oW g
Y Workpiece geometry ./
v Workpiece material

So, the drag finishing process key, a finishing things is a machining parameters like
speed, processing time, direction, these are the things. At the same time in the workpiece
also, if you see the workpiece size, workpiece geometry, workpiece material, whether it
is a ductile material or whether it is a brittle material and all those things you can say,
and in the machining parameters you have the immersion depth, how much you are
going to immerse, whether you are going to immerse partially or fully; that is all

dependent if you take you from the point of drill widths and all those things to be done.

In that circumstance I do not want to finish the shark, there I can go for partially
immersing, then the angle of the holder at which angle, whether you want to hold like

this or whether you want to hold like this, that all you can play.
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3. Media

% H granulates : Polishing : Finishing of HSS tool
HSC granulates : Gentle edge rounding 15-20 pm : Finishing of HSS tool and
carbide tools.
K granulates : Gentle edge rounding < 15 pum : Finishing of HSS tool and
carbide tools.
SIX granulates : More pronounced edge rounding up to 30 um : Finishing of
carbide tool.
QZ granulates : More pronounced edge rounding over 30 um : Finishing of
carbide tool.

&
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The another key factor is one abrasive medium ok, where you can give H granulates or
HSC granulates or K granulates, SIX granulates or QZ granulates, these are the varieties
of granulates are there. These are all you can use as your abrasive particles in the drag

finishing process.

So, drag finishing process also have some product development type of thing, that is you
can develop these type of abrasive particles and you can open your own company for this
one. This is not a very big task to develop these type of abrasive particles, you can

develop and you can sell to the companies who are going to do the finishing application.
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Summary

% Unbonded Conventional Abrasive Finishing Processes
v Lapping .~
v’ Super finishing ./
v Sand Blasting
v Vibratory Bowl Finishing .
v Drag Finishing .~

Summary goes like this, we have seen the lapping process, we have seen the super
finishing process, we have seen the sandblasting process, vibratory bowl finishing

process and the drag finishing process.

These are the finishing process which are un-bonded abrasive processes, which we have
seen this un-bonded finishing process and I am thankful for your kind attention for this

particular class ok. We will see you; I will see you in the next class.

Thank you.



