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Lecture 18
Process Capabilities

Namaskar friends, welcome to session 18 of our course on manufacturing guidelines for product
design. Today we are going to focus on the process capabilities, already we have a introductory
session during the 1st week in which we have try to understand the meaning of the world process
capabilities. But there is a lot of information related to the various processes as well as the

capabilities for various processes and the source for today's session is given.

This is again the same book product design for manufacture and assembly and second edition by
Geoffrey Boothroyd, Peter Dewhurst and Winston Knight. There are other references also, there
are number of other references where we can try and find out that what are the various process
capabilities for various processes, what is our target basically. In the previous 2 sessions for this

week that is week number 4.

We have since selection for processes 1 and selection for processes 2 and we have seen that
various attributes are there such as the materials to be processed, the first attribute can be the
materials to be processed. The mass of the product or the part or the component, then the shape
of the part or the component the tolerance that is achievable by the various processes, then the

surface roughness which is achievable by the various processes.

Or on the contrary I must say the surface finish that is achievable by the various processes, so
based on these attributes we have tried to understand that how the processes must be selected. So
the basic target is to look at to find out to understand to discuss the various summarized compiled
information which when we used as product design guidelines, specifically from the
manufacturing point of view that once we are designing a product and we have to manufacture it

what are the guidelines that we must keep in mind.



Now there are large variety of guidelines available, you study any good book on manufacturing
you will get to know about sand casting, you will get to know that how sand casting is done, how
the gating system is designed, what are the various parameters that must be taken care of when
you are designing a gating system, what is the ideal shape of the riser, what is the ideal shape of
the runner, how the screw must be design, what are the different types of the gates, what should

be the cross-sectional shape of the runner.

We can different types of information related to the process at the end we will see that sand
casting can be used for these type of applications. It can be used for making very large sized
parts fairly complex parts, so that is the understanding related to sand casting but that is not our
target in this course. Our target is to see to establish the ranges to learn about the ranges which
are already established to compile the information under 1 umbrella where a learner can easily

have a straight reference.

That yes this is the chart that I must look when I have to recommend a manufacturing process for
my product which I have designed. So a product designer designs the product he has to now
suggest that which product must be use. So he must have a compiled information, he may not be
from the mechanical engineering background and we are not suggesting also that he must go and
first study mechanical engineering for 4 years or production and industrial engineering for 4

years to gain the information related to manufacturing.

We are trying to produce a capsule, we are trying to produce a module where we want to bring
together the information related to manufacturing which can be used easily which can be
comprehended easily by any product designer irrespective of his educational background. So that
is our target in this particular course and with this target we have seen in our week 4 session

number 16 and session number 17.

We have already seen that there are few key attributes based on which we can categorize or we
can compare the various manufacturing processes. At these attributes I have just now mentioned
these attributes are in terms of the material of the product, in terms of the mass of the product, in

terms of the shape of the product, in terms of the dimensional tolerance, in terms of the surface



finish, in terms of the batch size that needs to be produce.

So, based on those parameters, those attributes different process have different ranges and based
on those charts very easily a product designer can select a process as well as a flowchart was
discussed that how step by step the processes can be screened out based on the design
requirements of the product and finally from a large variety of processes we can boil down to a

single process which can be used for manufacturing our product.

So that is what we have already covered, now there is other form of information which is easily
available which gives you the length and breadth of the information or length and breadth of the
data regarding any manufacturing process. Now in previous session we have seen based on the
attributes we can compare the various processes. For example we say surface finish now sand
casting can produce a surface finish within this range from this much micron to this much

micron.

Die casting can produce a surface finish in a range from this much maybe X micron to Y micron.
Similarly for shaping of plastics injection molding can produce a surface finish from this value to
this value. This type of chart is available but that is in context of 1 attribute only and that
attribute is the surface finish. Similarly regarding mass that X process can produce a product up
to this much kilograms, this process can be produce maybe Y process can produce a Z process or

P process or Q process or A process.

Any process sand casting, die casting, injection molding, compression molding, blow molding
any process can produce up to from this much milligram to this much gram or this much
kilogram. But the parameter or the attribute remains same but there is information which is
available about the process capabilities of the individual process giving all the attributes in a

structured manner in a tabular form.

So, as a product designer I can easily look at a process for example sand casting I can see from
the size of my product, from the mass of my product from the surface finish that I require for my

product for from the material that I have selected for my product I have zeroed down I have



found out that sand casting is the process that I am going to use for my product. Now for sand
casting I can check the other details also, the other information also for example the application

areas, the limitations.

So, all that information is available in a compiled form in a tabular form and as a product
designer I must refer to those tables before suggesting, before prescribing maybe process of sand
casting for making my product. So, we will try to understand see some of the examples of these
tables and then try to understand that what kind of information is available which we usually

ignore when we are designing a product.

Now let us quickly see the importance of process capabilities, so let us now see that where the
process capabilities fit in in reference to the product development process.
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So, any engineering process is depicted in the form of this diagram and here we see that usually
the design specifications are put forth by the designers. Then there is a process capability which
we are trying to understand till now there is a big question mark on the process capability for
various processes. Design specification is a process where the designers will undergo the various

steps or they will undertake the various steps for designing the product.

So, that we have already discussed in our course on product design and development that what is



the design methodology and the design procedure. So, after that the outcome will be the design
specifications and here we will be making use of our discussion that we have already done we
will take care of the robust design approach we will take care of DFX, we will take care of

DFMA, we will take care of ergonomic aspects of product design.

So, everything will be taken care and finally we arrive at the design specifications, then the
process capability is equally important and this is something that we are trying to understand
today. And both of these go into the process planning which is required before going for the
manufacturing and once we do the process planning we know the process capability here we

know the design of the product is already available.

As well as from process capability we select the process also that which process is going to be
use and then we go to the processes. We will go where the raw material will undergo any process
and it will be converted into the final product. So, for undertaking the processes there will be a
raw material, so the material can be it can be made in metal which is coming this information
will come from the design specifications whether it has to be made from metal or it has to be

made from a polymer or it has to be made from a ceramic.

So, all information is laid out in the design specification and from here the raw material will go,
the processes already been decided based on the process capability and process planning has
been done maybe the process identified is casting, the material identified is suppose metal. It has
to be made by casting process, so we do the 2 things and we bring the material cast it and then

we get the finished part.

And the finished part it can be good, it can be bad, if you make a bad part it will undergo the
inspection and if inspection is done it can give a feedback to the design specification. So, the
design specifications will give that what has to be checked after the final product is made we
know that which parameter has to be inspected maybe the length has to be inspected. And once
the length has to be inspected we will check the length, if the length is not accurate or we are not

able to produce it.



We will again refer back to the design specifications that maybe what can be the tolerance that is
what can be given on length or what kind of maybe design modifications that can be done.
Because our casting process is not able to produce the product as per our requirement, so this is

the complete engineering process and therefore we see that the design is very important.

All these parameters that we have already discussed are important, robust design DFX, DFMA
guidelines ergonomics very important similarly the process capability is also very very
important. So, we have very good designers who are very good from the designing point of view
but maybe where we lack is the understanding of the process capability and that is what is the

target of our discussion that after going through the course.

Each and every learner must have this idea of the information which is already available, how to
use thus that information that is what is the target of our course. Now let us try to see from
process capability point of view that how we can refer to the information which is available with
us. Now process capabilities let us try to understand the word what is the process.

(Refer Slide Time: 14:05)
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A process is a certain way an operation is carried out, for examples are given turning, drilling,
milling you can have other examples for shaping the parts, you can have casting, you can have
injection molding for plastics any process. So in the process it is a certain way, method,

procedure in which it is being carried out, what is a tool. A tool is a physical object which is use



to carrying out the process, for example a twist drill, a spade, a gun drill.

Sometimes you call it as a mold it can be a die, it can be any tool that we use to convert the raw
material into the final product. Then the what is the machine tool, machine on which the process
is carried out lathe, drill press, milling machine, injection molding machine, compression
molding machine, extrusion machine, filament winding machine, pultrusion machine different
types of machines are there which provide the relative motion between the tool as well as the die

or between the material and the tool, so, that is basically what a machine tool is.

Now what is a process capability, now process capability will work around these 3 things that we
have already seen the process how the material is getting converted from the raw material into
the final product. The tool that we are using and the machine that we are using for making the
product. Now what is the process capability, the geometry and tolerance geometry which we can

say as the shape we will have little more discussion on this shape maybe in the subsequent slides.

The tolerance one of the attributes already covered in discussion in our previous session that is
session number 17 already we have covered. The geometry and tolerance a manufacturing
process can produce now we know that we have already understood the compatibility the inter

relationship between the processes and the various attributes what were these attributes.

Attributes were in terms of the material the processes can process the shape the processes can
process, the mass the processes can process all in terms of range the range of mass that the
processes capable of producing, then the tolerance it can achieve, the surface finish it can
achieve, the economic batch size for which it will be economical. So, there was a list of

processes and the various ranges for each one of these attributes which we have already covered.

So, the geometry and tolerance are manufacturing process can produce and it is limitations, so
we have already seen the ranges that for mass there is a range, for tolerance there is a range, for
surface finish there is a range. For each and every manufacturing process right from the
processes related to metals to the processes related to polymers, to the processes related to

ceramics, limitations.



That is shape and size the process can produce, dimensional and geometrical tolerance is the
processes can achieve. Material removal rate the process can achieves specially relevant in
unconventional machining materials such as processes of electric discharge machining,
ultrasonic machining, electro-chemical machining. So, for all these processes how much material

removal rate a process can achieve is also a process capability why.

Because sometimes the material removal rate maybe so low that the process becomes
unproductive for specifying it for a large economic batch size. So, when you have a very large
batch size, your process is very very slow, the material removal rate is very very less you will say
no I do not want to use this process because it is not giving me the desired material removal rate

or in other words the desired productivity.

So, relative cost is very very important and other cutting constraint, so process capability is in
terms of the shape, the size, the cost, the material removal rate, the productivity, the efficiency,
the effectiveness, the tolerances, surface finish. There is a long list attributes based on which the
different processes can be selected. So each process will have certain limitations in terms of all

these criteria that we have listed out and we will see some of the tables and try to understand.

That sand casting for example what is the information that is available for sand casting,
investment casting what is the information available or forging what is the information available
based on all these criteria. So, the important point is that after undergoing this course or maybe
after listening to this session that is session number 18 we may not feel that I know everything of

mechanical engineering now.

But at least we will have an information that such type of compiled information is easily
available which can be used while designing our products and during the designing when we
have to specify that which manufacturing process must be use for producing this product. Again
and again [ am emphasizing because sometimes we may feel that I do not may memorize that

what was discussed in the session.



So, it is not regarding memory, it is regarding the information that you have that this type of
information is available and must be used.
(Refer Slide Time: 20:01)
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So, let us now quickly see that process capabilities that with example maybe for the specifically
we will focus on the shapes and then try to see that which process can produce which type of
shapes. So, each process can be analyzed to determine the range of it is capabilities in terms of
the attributes of the parts that can be produced which already we have seen in session number 16

and 17 during week 4.

Included in this capabilities are shape features which we will try to highlight today that can be
produced natural tolerance ranges which we have already seen surface roughness capabilities and
so on so forth. So, there are other criteria or attributes also which can help us to select the
manufacturing process. These capabilities determine whether a process can be use to produce the

corresponding part attributes.

So, each product will have some part attributes and those attributes we need to match with the
process and then find out whether the process can be used for manufacturing that part or product
or not.

(Refer Slide Time: 21:08)
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So, let us now quickly talk about the shape attributes, so the general shape attributes we will see
some of the shape attribute first one are the depressions. So, depression can be maybe this is a
surface there can be some depression here. So, this can be 1 depression, so the 2 important
geometrical features here are the width as well as the depth of this depression. So, the ability to

form recesses or grooves in the surfaces of surfaces of the part, so this is the surface.

And in this surface we want to produce this depression, now each and every process cannot
produce this kind of a depression. So, therefore we have to see that this is my part attribute based
upon the shape that I want to produce in my part. Then I have to look that which process is
capable of giving me this type of a depression or this type of a recess or depress. So the ability to

form recesses or grooves in the surface of the part.

So, the first column entry we will come to this table, first column is related to a table which is
available regarding the shape attributes in context of the various manufacturing processes. That
which process can produce which type of shape attributes and similarly the first column entry
refers to the possibility of forming depressions in a single direction while the second column

entry refers to the possibility of forming the depressions in more than 1 direction.

So, there may be a process which has the process capability of forming the depression in 1

direction only there can be processes which are more versatile in nature which can produce the



depressions in 2 or more direction. So we will see that which 1 process is capable of producing
depression in 1 which 1 is capable in multiple direction. Now these 2 entries refer to depressions

in the direction of tooling motion and those in other direction.

So I think this will become more clear when we see the table, so there is a tabular arrangement
which we will come in the subsequent slides. But let us see that what are the various shape
attributes based on which we can categorize our manufacturing processes and try to relate them
to the various types of shape attributes in terms of the process capability for each process that

this process has this capability of producing these shape attributes.

Then another process may have a capability to produce a entirely different set of shape attributes.
So those that is what we are trying to understand now, the other shape attribute is uniform wall or
uniwall as given in the table.

(Refer Slide Time: 24:04)

==
General Shape Attributes
v

JniWall): Uniform wall thickness. Any non umiformity ansing

( Uniform wall
from the natural tendency of the process, such as material stretching or build-

up behind projections in centrifugal processes is ignored, and the wall is still

considered uniform, J—)Q 7
JE -

i o . J
Uniform cross section (UniSect). Parts where any cross section normal to a part
axis are identical, excluding draft

Axis of rotation (AxisRot)- Parts whose shape can be generated by rotation about a
single axis: a solid of revolution.

- (" wmmoNNE
. DN CERIPEATION EoUFsE

So, uniform wall thickness any non uniformity arising from the natural tendency of the process
such as material stretching or building up behind projections in centrifugal processes is ignored
and the wall is considered as the uniform wall. So uniform wall which process can produce we
will see in the table, uniform cross-section unisect parts where any cross-section normal to a part

axis or identical excluding the draft.



So, this is the basic definition of the uniform cross-section parts where any cross-section normal
to the part, part axis. So maybe we have any part, we have a part axis here, so we can see parts
where any cross-section normal to the part axis maybe in this direction normal to the part axis
are identical excluding the draft. So this type of whose shapes which process can easily form,

excess of rotation parts whose shape can be generated by rotating about a single axis or solid of

revolution.

So this is easily understood the axis of rotation, regular cross-section, cross-sections normal to
the parts axis contain a regular pattern.

(Refer Slide Time: 25:21)
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For example hexagon or a splined shaft changes in shape that maintain a regular pattern are
permissible. For example a splined shaft with the hexagonal head, so which process is capable of
producing the regular cross-section or the Reg XSec or Reg regular cross-section. Captured
cavities the ability to form cavities with re-entrant phases for example a bottle enclosed parts that
are hollow and completely enclosed.

(Refer Slide Time: 25:58)



General Shape Attributes

Draft-free surfaces (No Draft);

*  The capability of producing constant cross sections i the direction of tooling
motion,

*  Many processes can approach this capability when less than ideal draft
allowances are specified, but this designation 1s reserved for processes where
this capability 15 a basic charactenistic and no draft can be obtamed without
cost penalty

. T ROORTEE

So, these are some of the general shape attributes then the draft free surfaces there is a long list
of shape attributes that are that can be interrelated to the manufacturing processes. So, 1 can be
draft free surface, for example there is no draft on the surface.

(Refer Slide Time: 26:18)

v Eiclosed NoDrafl PCinsal Aligaist lickast

et 1) IS
Y Y (Y ¥ ¥ ¥ ¥ ¥ N 4 i I Solidification
Yo¥ |y ¥ ¥ ¥ ¥ N N s 5 processes -
L o ¥ ¥ Y ¥ ¥ N 3 5 3
Injectivn molding Y Y[y ¥ ¥ ¥ N N N § § $ “g
Structural foam = Y ¥ ¥ b4 i N N 4 q i Q =
Bl mohling fexiny of, Y. ¥ M X X ¥ ] ¥ L] 5 4 1}
Blow meolding (ing) N @ {f\? T b | b b i 4 i e
Rolnenl ooy ¥ Y M N i § N M N H 1 |
Titpact xlrusacn ¥oN oy b ¥ Y N N ¥ ] 1 Bk
Cald heading YN X X ki h N N ¥ 5 1 deformation Shﬂpc
¥ farging Yoy ¥ Y ¥ N N N 5 ] 1 Processes 4
Pomewlpss Y X Y ¥ Y Y N N Y % I Generation
His extusing vy oy M ¥ ¥ X N ¥ H ¥ Cana we o
: Capabilities of
Ralary swaging ¥N N N M N X N K I i ‘IF-‘h
kRl
Michoig (fomnstock) ¥ Y Y Y Y ¥ ¥ N Y 2 1 2 Muel rocesses
FOM Yoy ¥ ¥ ¥ b3 N N 3 [ 1 rensal
it L A ¥ ¥ X ® N | 1
Wire-L 1M YR v ¥ ¥ ¥ N N y H 1 3
presses
Sheemenl sanp/bend ¥V M k| ¥ : | N N N L] } 4 Shew
Yyor oM N ¥ ¥ N N b 3 i P famiig
N N M ) M N ¥ b} N | 1 1 PRk

So, this is the table that I was referring to, now let us quickly see for example our sand casting
process depress first column in 1 direction it can produce as well as in the multiple directions
also it can produce. Uniform wall thickness is achievable by sand casting uniform section is axis
of rotation is also yes, so Y means yes here and N means no. Similarly let us now take blow

molding, so let us take another example that is blow molding.



Now in blow molding yes it can create depression but there is another term which is mentioned
here as M. So, there are 3 terms basically we see Y which means yes it can be done as we have
seen in sand casting N means no not suitable for this type of characteristics. For example we can
take any N uniset it is blow molding is showing no but what do we mean by M, M means that the

product must have this special characteristics if it has to be made by the blow molding process.

So, M is must have the characteristic, so this type of information that we see here can be easily
used by product designer to select among the various manufacturing processes and on columns
we have the various shape characteristics. So we have shape characteristics, we have processes in
this direction and there is a mapping of the shape characteristics with the processes based on the
depressions it can produce axis of rotation, uniform wall thickness, based on all these parameters
we can select the various processes.

(Refer Slide Time: 28:08)
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Now next is the capabilities of a range of manufacturing processes again I am coming to the
same point I am reiterating, remphasizing and re-highlighting the same thing again. In our
previous 2 sessions our focus was to compare the various manufacturing processes based on the
different attributes but the processes were compared for a individual attribute which can be

shape, mass, tolerance achievable, surface roughness, batch size.

But that was on individual scale or individual nature for individual part attribute or for individual



characteristic. But now for each process we want to have a compiled information that for
example for sand casting what is the tolerance achievable, what is the surface roughness
achievable or on the contrary surface finish achievable, what are the various application areas,

what are the shape constraints, what are the number of products we must have.

Minimum number of products that will justify the use of sand casting, so there has to be tabular
information based on all these attributes where the sand casting process stands or where what are
the special characteristics where the sand casting process must be selected. Similarly the
injection molding process where it stands in comparison to the other processes in terms of all
these attributes, so all that information is also available in the compiled form.
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And here we have that table, so we can see here the process we are talking about the process

capabilities in our session today, what are the capabilities part size, capability in terms of
producing the part size, tolerances which are achievable, surface finish, shapes that can be
produced competitively very very important competitively.

(Refer Slide Time: 30:18)



Process limitations

Priess

vestne!
wasting

L s
Sewing muchine
el enls

Die casting wills of all castiesp
wiziely 100 parts/ in
200 parts/n in

imilar to -t for
i ap ani urfice
‘reatment can make process less eecnomic

M1 1 cand iron: 7 cartion sledt; 1 alloy st vel: 4 slamli sheel, 5 aluminian sraf log: b copper and i e gy 9 Wi, 10 nvmeplitiny; 11 thenosel . 17 wikel and
sikeps

NHIEL OMUNE
CIRMACATION COulS

And then the other attributes process limitations, typical applications, the materials it can process
and the special comments. Now we have a single process and all the attributes, so we can now
compare the processes. In the previous 2 sessions for selection we have tried to discuss the
individual maybe based on the materials we have seen there was a process, material matrix

which we have seen in our previous sessions in session number 16.

We have seen this process material matrix, so the processes were listed the materials were listed
and the dots were given. That this process is applicable for this material, so here also this is more
concise, more compiled information for sand casting. So let us take the example of sand casting
only by coming to the previous slide, so we can see the sand casting process can be used the

weight is given 0.2 pounds to 450 tons.

So maybe for very large weight sand casting can be easily used minimum wall thickness is also
specified. Similarly tolerances general tolerances can be given it is given here +/-0.02 on 1 inch
similarly 0.1 on 24 inch. So, we can see the tolerances are given the size part size in terms of
weight it is given surface finish is given 500 to 1000 micro inch applications or shapes that can

be produce.

Large parts with walls and internal passages we can see for internal passages we can use course

for those who have mechanical engineering background. So, where internal passages we can



make course of complex geometry requiring good vibration damping characteristic. So, from
application points also it is given, so we can see part size for sand casting what is achievable,
tolerance achievable, surface finish achievable, shapes that you can produce, part weight already

specified.

Then the process limitations if you see about the surface finish and if you go back to our
previous session in which we have compared the process with the surface roughness and a chart
was given. We have seen sand casting does not produce a very good surface finish which means
a surface roughness is high. So, when the surface roughness is high in sand casting we need to do

the secondary machining which is already mentioned here in this tabular information.

The limitation is secondary machining usually required why because the surface finish achieved
is not very good, production rates often lower than other casting processes. Our die casting
process whether it is hot chamber or cold chamber have fair degree of automation possible. But
sand casting also can be automated and these days the foundries are fairly largely automated only
but still the production rate for sand casting maybe because of the number of steps involved in

the process is less, the productivity in terms of sand casting.

In term productivity maybe I am saying in terms of the number of parts produced per hour is less
as compared to a die casting process. So, the production rates often are lower than the other
forms of casting processes. So, production rate must not be confused with the word productivity,
why I am so particular about productivity. Because in the course that we is going to start next
semester that is on work system design we have had a lot of discussion maybe 1 or 2 weeks on

productivity only.

So, we must be very very careful in the choice of our words, so therefore again I am
reemphasizing the production rates are lower in context of sand casting as compared to the other
casting processes. Tolerance, surface finish coarser than the other casting processes, coarser
which we can simply understand as poor, the surface finish is poor as compared to the other

casting processes.



Then requires the generous draft and radii which is another limitation, sometimes a draft has to
be given on the product, typical applications are given engine blocks, engine manifolds, machine
basis, gear pulleys. And we can see which type of materials can be used for sand casting process
and I will take you to the list of materials here 1, 2, 3, 4, 5, 6, 7d, 8, 12, so it is given here I think

you may not be able to read.

But ok the materials number 1 is cast iron, 2 is carbon, steel alloys, steel stainless, steel then
maybe non ferrous copper and as alloys zincs and zinc, alloy magnesium and alloy. So, there is a
long list of materials which can be used for the sand casting process, then the comments are very
flexible manufacturing process in terms of possible geometries can produce different types of

geometries.

Sand casting has that capability, part sizes can be different and possible materials because
materials you can see here a long list of materials which can be produced by the sand casting
process, pattern is reusable and the mold is expandable. So, we can very easily reuse the sand
that we are using for making the mold in case of sand casting and the pattern maybe made of

food or metal is also reusable.

So, this type of information gives a complete picture of a manufacturing process as we have
taken an example of sand casting. So, if we can have this compiled information with us when we
are designing our product and during that product design process wherever we have to specify
the manufacturing process. We can just have a look at this summary of manufacturing processes
and this summary will definitely will helpful to us when we propose the manufacturing process

for making our product.

So, with this we conclude the today's session, in next session we will discuss specific product
design guidelines related to the various manufacturing process that when we are designing a
product, what must be kept in mind when we are going to make the product maybe by sand
casting process. Then followed by maybe by die casting process, so that will be our objective of
discussion in our next sessions till then.

Thank you.



