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Welcome to the next lecture series in this course on product development processes.
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Indirect Prototyping

Many different “secondary processes” can be used.

The most prominent one is the so called “Room Temperature
Vulcanization”, (RTV) also known as “Vacuum Casting” or “Silicon
Rubber Molding”.

Like silicon rubber molding, most of the secondary processes are
completely or partially manual processes with long cycle times and
therefore only useful for small series or one-of-a-kind production.

For instance, the plug system requires plug housings of different colors
and transparency.

Based on a two-parts AM master of the housing, a silicon rubber mold is
to be made.

So, indirect prototyping many different secondary processes can be used for indirect
prototyping. The most prominent one is also called as Room Temperature Vulcanization
or it is otherwise called as RTV in short. It is also called as vacuum casting or it is called
as silicon rubber mold. In the introductory lecture I was talking to you about the ear,

which we made for the left side ear we made.

So, what we did was we did the right side scanning of the ear and then we did some
tweaking with the help of the doctors and then what we did was, we tried to make it the
by a mold by rapid prototyping. And then what we did was, we used this technique called
as vacuum casting or silicon rubber molding to get the output what we want. So, that is
nothing, but indirect type prototyping in fact, it is nothing but indirect type

manufacturing itself we did. Like silicon rubber molding most of the secondary



processes are completely or partially manual processes; with long cycle time and

therefore, only used for small series or one of a kind production.

See this can be either when you talk about prototyping, it can be used for one at a time. If
you want to even in prototyping today if you want to get a multiple customer feedback
we always look for a small series a small batch size. So, this indirect prototyping
technique can be used. For instance a plug system requires plug housing of different
colours and transparency. So, there what we do was or instead of plug you can also take a

mouse system, a mouse which is attached to a computer

So, if you want to make multiple mousses of a new design which is more economic and
user friendly. So, we try to use we make this prototyping through this techniques, where
in which we try to show the colour and the transparency as well as the form. Form to a
customer get his feedback and find to in it. In fact, today now what researchers have
found out is, every individual has his own ergonomic factors when from the wrist to the

finger tip.

So now, they are talking about why do not we start customizing mousses for individual
requirements and then start delivering it to their to them for their use. So, in that way
indirect prototyping is the technique which is used. Based on two part additive
manufacturing master of a housing, a silicon rubber mold is to be made to meet out the

requirements.
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Indirect Prototyping

As they are prototypes made from prototype material, the system
elements are no series products, even if they function well.

Prototype parts from soft materials, for example gaskets, often have
a very complex shape.

This is especially true for gaskets for car mirror fixation that must
fulfill many functions such as sealing against water, fixation of the
mirror and parts of the window, placement of cables, attractive
optical appearance, and integration of adjacent extruded sealings.




As they are prototypes made from prototyping materials, the system elements are no
series products. Even if they are they function very well for example, the ear whatever
we did we if we would said that that is a prototype. So, it is still find because if there is
no dynamic load for it, it functionally serves a purpose it that the person has a left ear ok.
Prototype parts from soft materials for example, gaskets that is rubber often have a very

complex shapes.

So, we try to make it seal it and then see whether it is working, when we try to have
metal to metal contact. This is essentially true for gaskets for car mirror or fixation that
must fulfil many functions such as sealing against water, fixation of the mirror and parts
of the window, replacement of placement of cables, attractive optical appearance and

integration of adjacent extruded sealings

So, what we are trying to say is, when we try to make a mirror fixation it is not just to fix
the mirror in a car. So, today it is all powered control mirror. So, you will have cables
running by. You will have a small motor which tries to give you a x y plane rotation, then
today in a high end cars you also have in the y is a direction also you can have a
movement of the mirror. Then this mirror has to be sealed from water, then the mirror
should also the fixation should be such a way such that the mirror is withstood even on
major impact. For example, when it goes at 60 70 80 kilometre speed and hits or runs

against potholes.

So, it should not fall down. So, that is next and it also are made to withstand higher
impact when it touches the other car ok. So, all these things mirror fixing is an example,
which the gasket which is made for this mirror fixing is an exact true example for

indirect type prototyping.
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Indirect Tooling
Indirect tooling is based on the same copying procedures as all
indirect processes.
It is not the goal to obtain a final part, but a tool that provides the
basis for a small or medium size batch production of final (or series)

parts or products.

In contrast to series tools made from tool steel, it can be made
quickly and inexpensively.

Like indirect prototyping, indirect tooling uses AM masters, thus
avoiding milling, grinding, and EDM-processes.

So, the next topic is indirect tooling. Indirect tooling is based on the same copying
procedure as indirect processes. It is not that goal to obtain a final part, but a tool that
provides the basis for a small or medium size batch production of final parts or products
is nothing, but what we do is indirect tooling. In contrast to series tools made from the

tool steel it can be made quickly and inexpensively as compared to that of die industry.

So, die industry many a times they use tool steel; this tool steel may many of the times it
is made by machining operation machining can be conventional and it can be non-
conventional. Non-conventional though you get the required output, but it has to it is it is
a energy inefficient process. So, it takes a lot of time to make it then on top of it you will
also have finishing processes which is coming by. So, that you finish the component and
that is a huge challenge. Machining it is by non-conventional machining process you get
the output, then after that we try to do finishing process. Finishing of a complex tool die

takes a lot of time. So, today they are trying to innovate lot of processes in automating it.

So, if you look into the cycle of tool steel because you chose tool steel, you have to
undergo all these processes to get the output. But if you can make the entire part without
undergoing this non conventional or conventional and avoiding finishing you directly get
a die whatever you want is the process which is called as indirect tooling ok. So, when
you compare this indirect tooling, this processes are very fast that is why today we talk

about metal based prototyping techniques, there are several techniques which has come.



So in fact, people have started using metal filament wire for making parts people have
started making aluminium alloy powder, titanium alloy powder, aluminium alloy
powders where in which directly they make a die and in fact, the finishing off late has

also been improved.

The biggest challenge even in rapid manufacturing or in rapid prototyping what we talk
about is this finishing is a challenge. So, people are trying to get out of this problem, but
compared to tool steel going through the conventional root, if we get it done by additive
manufacturing root then it is made very quickly and it is inexpensive. Like indirect
prototyping, indirect tooling uses additive manufactured masters thus avoiding milling

grinding and other EDM processes

So, what is happening, making of tool and these tools are what? One it is also expensive
by the way. So, when we try to make a conventional die, it is expensive so, expensive.
So, the justification comes by only making more number of parts. If you do not have to
make more number of parts for example, you are looking for a small batch size of 10
parts then die is not the alternative. So, because this die finally, then again it needs a
process from the meal forming or casting which again needs a raw materials stock to
minimum quantity. So, this gets into a different completely different root. So, that is why
people try to avoid this tool steel root of making die. They use this AM techniques to
make indirect tools for meeting out to customer requirements and many a times the die

first die whatever you make.

The die designing time itself takes almost close to 45 days. If it is a complex die it takes
two months and then it is not the shape alone, you have to do shape and size it is also the
simulation you have to do and find out how is the material getting distributed what is the
load which comes at different points, how many injection points you should have all
these things are too complex to do. So, if you decide to make a die metal die. So, the root
itself takes six months and it is not necessary that after 6 months whatever you make gets
accepted by the customer. Though we call modular designs can be followed, but finally,
the shape and size and insert whatever you make has to be properly planned which takes

a long time.

But if you follow this additive manufacturing root, that can be achieved very fast and we

look for outputs.
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Indirect Tooling

AM: indirect processes; indirect tooling

So, going back to our old diagram which we have been walking through in this first
series of lectures, is the same diagram which I have been using. So, you will now
appreciate where does this indirect tooling comes additive manufacturing then comes
rapid prototyping RP, then comes RM rapid manufacturing ok. So, here we had solid
image imaging, then we have concept modelling. This figure is very important if you
remember this figure then it is very easy for you to understand the entire lecture of the
first series whatever we talk about. Functional prototyping and then we had we had
prototype tooling, then we had direct tooling, then we had direct manufacturing. So,

these two comes from here ok.

When we bundle these two it is nothing, but which leads to rapid tooling ok. So, from
here let me put a star here and this star represents indirect prototyping. And the other one
and off shoot of this we will have we will have indirect tooling. So, now, you can
understand where, does this indirect tooling come from rapid prototyping. So, this is a
line which we draw, which is for prototyping and this is a place where we try to write

manufacturing and this is what is technology this is technology ok.

And if | draw a diagram, till here it is called as additive processes and here it is non
additive processes. So, you are trying to make a product which is not directly added, but
you make a tool and from that tool you try to make a product. So, this diagram is very

very important. If you look at it functional prototyping lead to indirect prototyping and



then if you are looking forward from this and off shoot what you can do is you can try to

take it for indirect tooling.
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Indirect Tooling

In contrast to silicon rubber molding, it must be usable for a larger
number of parts made not only from plastics but from metals as
well.

Seen from this perspective, indirect tooling can be regarded as an
element of rapid tooling, although it is not a layer oriented process.

As an example,

A mold for making wax patterns for lost wax casting:
The mold is obtained from an AM master by counter-casting it in
polyurethane, PUR, backed by an aluminum box.
After the AM master is removed, the mold is used to process the required
amount of wax pattern.

In contrast to silicon rubber mold, it may be use usable for a large number of parts made
not only from plastic, but from metals as well this is what we discussed. Seen from this
perspective indirect tooling can be regarded as an element of rapid tooling although it is
not a layer oriented process because tool is made and then you pour it. As an example a
mold for making wax patterns of lost wax casting is done through this. So, lost wax

casting is you make a pattern and then from that you try to make a molds.

The mold is obtained from a additive manufacturing master by counter casting it in a
polyurethane PUR and then you backed by an aluminium box back by an aluminium box
after the AM part is removed, the mold is used to process the required amount of wax
patterns. So, so what we are trying to do is, rapid prototyping leads to leads to pattern
making. This pattern making leads to mold making this mold mold can be spelled in two
ways mold and from here you go for the product. So, now, what we are trying to say is,
we are trying to say this pattern can be made out of RP and from this pattern we try to

make mold also and then we try to make a product.
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Indirect Tooling

Indirect tooling. PUR mold obtained from an AM master, partly open
Separated mold half with cast wax pattern for lost wax casting
PUR cavity (black) obtained from AM master.

Back up system by aluminum walls
(Source: BeNe)

So, this is an example of indirect tooling. Indirect tooling PUR mold obtained from an
additive manufactured master partly open. Separated mold half with cast wax pattern of
lost wax casting technique is here. So, the cavities which are black obtained from AM
master backed up system with an aluminium wall. So, this is aluminium wall or this is
the this is the frame whatever it is and this are cavities PUR cavities through which you
can start filling up material to get the output and this becomes your pattern this becomes

your.
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Indirect Tooling

The higher rigidity of the PUR material in combination with the
backed up walls leads to a mold that delivers much more precise
wax patterns than could be made by a soft silicon mold.

In comparison to milled all aluminum tools it is cheaper and has a
much shorter lead time.

This kind of mold can be used for a small series production of
complex precision cast parts.




So, the higher rigidity of the PUR mold is combined with the backing up walls lead to a
mold that delivers much more precise wax patterns, that could be made by soft silicon
molds. So, soft silicon molds always have this problem. So, we always counter do it by
reinforcing with a harder one. In comparison to milled all aluminium tool it is cheaper

and has a much shorter lead time.

So, when we try to look at product life cycle ok. So, we can divide it into four phases.
So, one is initial phase, next is growth, next is mature and the last one is failed or call
back or whatever it is, this is with respect to number of parts number of product sale or
whatever it is sale ok. So, now, what is happening? When we keep doing at the initial
phase also we try to use this IIT indirect tooling or I can put it as IDT indirect tooling,
and during growth also we try to use this IDT, mature stage also we try to do this IDT
because we now we do not want to go back for this call back. So, at every phase we try
to use these IDT techniques and start shifting this from the growth back to initial such

that they have one more growth.

So, that is what company is do is they release new products, they release new machines
or they release new versions such that they shifted back and come back to the initial
stage of the business ok. So, for doing this we need to keep on using this indirect tooling
in comparison to milling of aluminium tools. So, if you want to do by aluminium tools as
I told earlier it is going to take lot of lead time. So, that has been shrunk very very shortly
by using these techniques. This kind of mold can be used for a small series production

and for complex parts also.
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Indirect Tooling

There are parts that cannot be evaluated as samples made by
manual casting from thermoset prototyping material, but need to be
made by plastic injection molding machines and from the final series
material.

Examples are plastic parts made of flame retarded materials.

Therefore rigid molds are needed. To avoid traditional tooling, a
suitable rigid mold can be cast from aluminum-filled epoxy using a
stereolithography or polymer jetted master.

Despite the material, the process resembles the RTV process, For
improverment of sharp edged details, milled inserts can be used.

This kind of tool is typically not cooled and shows just a few
manually operated inserts that substitute the sliders.

There are parts that cannot be evaluated as samples made by the manual casting from
thermoset prototyping material. But need to be made by plastic injection molding
machine and from the final series material for which we try to use this indirect tooling.
So, that is what I said we can use rapid prototyping metal based rapid prototyping in
making the die. Therefore, rigid molds are needed to avoid traditional tooling suitable
rigid molds can be cast from aluminium filled epoxy using a stereolithography or a
polymer jet master we can get that. And despite the material the process resembles the

RTV process we can try to get for smaller production.
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Indirect Tooling

As a disadvantage, long cycle times have to be taken in
consideration.

In figure below, both cast resin mold-halves can be seen before
being inserted in the mold frames.
The stereolithography master (light brown) as well as a set of
molded parts (black) can be seen.

A small series of parts has been made from HD-PE to be tested in
the engine compartment of a passenger car.

indirect tooling. Rigid mold made from aluminum
filled epoxy for injection molding of a set of series
dentical parts (black) based on stereolithography
masters {light brown)

(Source: Elprotec)




So, in the conventional one the disadvantage is long cycle time has to be taken into
consideration. The figure below which is given as an example here is through indirect
tooling. So, both cast resin mold halves these are two halves can be seen before being
inserted in the mold frame ok. The stereolithography master lights brown as well as the

set of mold parts black can be seen before getting inserted.

So, a small series of parts have been made from HD high density polyurethane to be
tested in the engine compartment for a passenger car. So, they wanted to test it, they
looked at the product they test it and then they have approved it. Indirect tooling rigid
mold made from aluminium filled epoxy for injection molding of a set of series identical

parts based on stereolithography master which is made.
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Indirect Manufacturing

Indirect manufacturing is based on AM masters as well,
The goal is to obtain final (or series) parts with properties equal to
traditionally manufactured (non-AM) products.

Consequently, indirect manufacturing belongs to the application
level “Manufacturing” (Fig. in next slide).

As an example for indirect manufacturing, Fig. below shows a six-
cylinder combustion engine housing.

ndirect manufacturing; combustion enging housing; AM master (left),
aser sintering, polystyrene; aluminum casting, one-cf-a-kind part {right)
s g fequUrce: Grunewald)

So, when we move towards indirect manufacturing; indirective manufacturing is based
on additive manufacturing master as well. The goal is to obtain final part with properties
equal to the traditional manufacturing products. Consequently indirect manufacturing
belongs to the application level manufacturing which we will see in the next slide. As an
example of indirect manufacturing figure below shows the six cylinder combustion

engine housing completely made.

So, this is completely made through additive manufacturing master. So, indirect

manufacturing combustion engine housing, additive manufacturing in the left side, and



laser sinter polystyrene aluminium cast one of a kind part at the right side we try to get

the output. Now this is placed on top of the cylinder and then they try to do testing of it.
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Indirect Manufacturing

AM: application level: rapid manufacturing; sub-level: indirect
manufacturing

And this is grouted. So, these parts can be easily tested rather than a shaft which is to be
made and where it undergoes a cyclic loading, the housing can be easily made through
indirect manufacturing and we can do testing of it. So, now, let us go back to the base

diagram which we keep talking where, does indirect manufacturing come.

So, additive manufacturing, rapid prototyping, rapid manufacturing and then we had our
solid imaging and con concept modelling. Then we had our functional prototyping, then
we had prototype tooling prototype tooling, then we have direct tooling, then we had
direct manufacturing ok. And then from here I said last time here indirect prototyping,
we had indirect tooling and now we have something called as indirect manufacturing ok.
So, from here we took it went here and now we are what we are talking about is indirect

manufacturing here. So, this is a base figure.
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Indirect Manufacturing

It was produced as a one-of-a-kind part based on an AM master
made from polystyrene by laser sintering.

The scaled master was transformed into an aluminum part by
evaporative pattern casting (also called full-mold casting), which is a
process closely related to the lost-wax-casting process.

As a result, a series of identical engine housings is obtained. It can
be used to optimize and verify the engine design, including fired test
runs long before series molds are available, but also as a small series
product, e.g., for racing

Whether this is an appropriate manufacturing method or not is not
a technical but an economical question.

So, indirect manufacturing was produced as one of a kind part based on an AM master
made from polystyrene by laser sintering. So, we will see later what is laser sintering
process, but we just note down this word as laser sintering process. So, laser sintering is,
you are using powder as the starting material and these powders are glued to each other
by using heat source and this heat source is nothing, but laser ok. The scaled master was
transformed into an aluminium part by evaporative pattern casting which is a process,

closely related to lost wax casting process.

As a result a series of identical engine housing is obtained it can be used to optimize and
verify the engine design, including fire fired testing run long before series molds are
available but also as a small series product for racing it can be used. So, generally today
when we talk about this racing cars, they are all one of its kind. So, here making a die
and then producing multiple parts is of is of no use. So, what people do? They use this
additive manufacturing techniques try to make here die and then from that die they try to
cast and then get an output. And this tries to help them in they get the output they put it

on the testing test bed see its performance.

And, if they have to change they go quickly back and work on the on the end product and
then they go change the die if it is possible they put an insert there, if it is not possible

they redo the die very fast. So, this is indirect manufacturing whether it is an appropriate



manufacturing method or not is not a technical, but only economic place of major

important thing.
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Indirect Manufacturing

The same process was used to make the air intake manifold of a
combustion engine displayed in Fig. below.

It was made from aluminum by lost-wax casting. Like in previous fig.
the master was obtained from laser sintering of polystyrene.

The left part shows the subsequent surface treatment with wax,
while the cast part is displayed on the right side.

Indirect Manufacturing. Air intake manifold;
AM master made from polystyrene

by laser sintering after surface treatment
(left),

aluminum casting, one-of-a-kind part (right)
(Source: CP-GmbH)

So, this is a part which is made out of indirect manufacturing. So, here air intake
manifolds are made by additive manufacturing master, made from polystyrene by laser
sintering after surface treatment of this is after surface treatment, aluminium casts one of
a kind part is made using this indirect manufacturing. The same process can was used to
make air intake manifolds of a combustion engine, displayed in the figure given below. It
was made from aluminium by lost wax casting like in the previous slide whatever we
have discussed the master was obtained by from laser sintering of polystyrene the left

part we have already seen.
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Indirect Manufacturing 1 . s podd

Another variation of this process is displayed inFig. below,showing
that the 3D printing process of PMMA-type plastics provides precise
castings as well.

In the picture, a gear box for a racing car is displayed as a lost form
along with the cast part. =

1
Indirect manufacturing
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Gear box for a racing car, AM master made ' n ‘
from PMMA by 3D printing (left) f. - v
aluminum casting, one-of-a-kind part (right) \ AN
. - 4

(Source: Voxeljet)

tanding Additive Manulacturing, 2012

Another variation of this process is displayed in this figure showing that 3D printing
process of PMMA type plastic, these are all plastic provided precise casting as well. In
this picture a gear box for a racing car is made. So, indirect manufacturing is effectively

used today to aero, in auto and in consumable products.
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Classes of Machines for Additive
Manufacturing

There is a wide variety of machines for additive manufacturing
available on the market.

They are loosely linked to the application levels but more or less
independent from the AM process used.

Fabricators and Others
In general, a machine used for layer oriented AM is called a
“fabricator”, especially if it can make (fabricate) final parts.

If it is only capable of making prototypes, some call it a “prototyper”.

The trend is to call all types of layer oriented additive manufacturing
machines “printers” or “3D printers”, often with a prefix like
“personal”, “professional” or similar terms.

So, the classes of machine for additive manufacturing, there is a wide variety of
machines for additive manufacturing available in the market. So, they are loosely linked

to the application levels what we have been seen,, but more or less independent from the



additive manufacturing process used. Fabricator and others in general a machine used for
layer oriented additive manufacturing is called as fabricator especially, if it can make
fabricate a final parts. So, it is called as fabricator if it is only capable of making

prototypes then it is called as prototyper.

Please understand a machine used for layer oriented additive manufacturing is called a
fabricator; if it is only for making prototypes it is called as prototype; the trend is to call
all types of laser oriented additive manufacturing machines printer, 3D printer, often with
a prefix like personal professional or similar terms are generally used in additive

manufacturing.
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Nomenclature of AM machines

Actually a nomenclature is developing that roughly assigns all AM
machines on the market to three categories or classes:

Fabbers

office machines

shop floor machines

Fabbers Office machines Shop floor machines

Parsonal Professional Production

3D printars 3D printers 3D printars

. a ' b
30D Systems Objet Stratasys
BFB 3000 Eden 500 v Fortus 900 mc

So, the nomenclature of additive manufacturing machines actually a nomenclature is
developed that roughly assigned to all additive machines on a market to three categories;
fabber office machines and shop floor machines. So, fabber is nothing, but personal 3D
printing is machines like this fabbers then office machines are 3D printers which are

slightly bigger, and shop floor machines are much more bigger for larger parts.
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Nomenclature of AM machines

Per D printer:
Application

3510nal or private Professional use in tce Professional use in productior
e office rin a workshog r professional job-shog

Application Level
Rapid prototyping Rapid prototyping Rapid manufacturing
o 1 1maging Functi nal protolyping rect prototyping

ondary rapid

So, when we look at the nomenclature in more details names. So, these are also called as
personal fabricator, personal fabber, personal printer, personal 3D printer. And
application is semi professional or private use at home office the application level are
rapid prototyping, solid imaging. And, concept modelling these are the application levels
these fabbers would be used in general. Then office machines it can be called as office

printers, professional printers, professional 3D printers.

Professional use in the office or in workshops, it is used for rapid prototyping, functional
prototyping, master for secondary rapid prototyping process also can be made through
this office machines. When we talk about shop floor machines, the production machines,
production printer, the professional use in production or professional job shops these are
the applications it can be used for rapid manufacturing, direct prototyping and direct

tooling. So, these are the places where office shop floor machines can be used.
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Nomenclature of AM machines

As a common abbreviation “fabber” is used in particular to address a
small, simple, and cheap machine:

If a fabber is used by a private person or a group of private individuals
and operated from home or a co-working space, it is increasingly
called “personal fabber” (PF).

An “office_machine” can be operated in an office environment. That
means it emits minimum noise, smell, and particles.

The build material can be refilled by office staff and is typically
delivered in cartridges,

Operation is easy and part handling is simple, including post
processing.

As the common abbreviation fabber is used in particular to address a small simple and a
cheap machine you can say economic machine. If the fabber is used by a private person
or a group of private individuals and operated, from home or a co-worker space it is
increasingly called as personal fabber. Today like your two printing of papers, now 3D
printers have also become a part of your domestic appliances. So, computer 2D printer,

now 3D printer is also getting to the table top type.

An office machine can be operated in an office environment; that means, it emits
minimum noise smell and particles. This is very very important noise and smell this is
this is now talked about from the environment point of view very important. The build
material can be refilled as it is typically delivered in cartridges just like your coffee
machine. Coffee machines you get your coffee powder in packets, here you get it in
cartridges you just replace the cartridge like your printer operation is easy and part

handling is simple induced post processing.
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Nomenclature of AM machines

The waste is disposable as normal office or household waste,

A “shop floor” machine requires an industrial environment,
including trained personnel and logistics. f 7 =l

It is designed for high output and productivity, which means it can
handle large amounts of material.

Sometimes solvents and machines, e.g., for sand blasting, are
needed for cleaning.

Here, economic production is more important than simple
operation,

The waste is disposable as normal office or household waste it is important. The shop
floor machines require an industrial environment including trained personnel and
logistics. So, today what people are talking about is an additive manufacturing machine
which can take several sources as the starting material, and use several different types of
heat sources for joining this starting material to get the output it is designed for high
output and productivity sometime solvent and machines are used. So, economic

production is more important than simple operations.
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Nomenclature of AM machines

While these three categories are more or less agreed upon, the
terms used are varying depending on company strategies and tend
to incorporate at least the word “printer”,

In previous Table this nomenclature is structured and dedicated to
the application levels.

Nevertheless there is a loose interdependency between AM process
and the application level.

A typical machine for each category is displayed on Fig. of 3D
printers.




These 3 categories are more or less agreed upon the term which is used are varying
depending on company strategy and trend of incorporating the at least the word printer.
So, additive manufacturing means people have started using the word printer. So, in
previous table this nomenclature is structured and dedicated to the application level,

today it is again loosely used and people start a mixing up.
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Nomenclature of AM machines

The machines displayed show the typical appearance of machines
belonging to one of the three categories fabbers, office machines,
and shop floor machines.

Of course, the machines shown here are just examples.

Seen from the operator’s point of view, AM machines can be
categorized according to the professional skills needed for operation
as well as according to their prizing.

This is done in Table in next slide which is linked to the definitions
above and the environment needed.

The machine displayed show the typical appearance of the machine belonging to one of
the three categories fabber, office machine and shop floor. Of course, the machine show
here are just examples. So, seen from the operators point of view, additive manufacturing
machines can be categorized according to the professional skills, needed for operation as

well as according to the prizing.
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Nomenclature of AM machines

Categorization of AM Machines According to the Required

Infrastructure, Professional Skills for Operation, and Average Prizing
Class of Machine Operator Infrastructure Prizing
Fabbers Everyona with bas: Despité 3 Kitchen table r
skills 1o operate a Afrastructure 15 required
From

Office Printers People who profes No special infras T
sionally work with i5 ind ns rate  €/85 15.000to

»  €/3140.000

different types of

3D CAD the material :
parts and keeps away the
(not really bothering) noise.

So, here is a table which further categorizes additive manufacturing machine, according
to the required infrastructure, professional skill for operation and average prizing. So,
these prizing are all tentative when this was done in 2011 this was done, today of course,
there are new machines getting added. But, the class is almost the same and the operator
skills are also getting shifted; that means, to say today the artificial intelligence have

become more handy and it has been customized for applications.

So, the skilled of a labour is now tried to pushed towards the machine intelligence itself.
So, class of machines are fabber, office, printer and shop floor machines. Everyone with
basic skills to operate a computer can operate fabber machines, office printer a small
amount of professional training is required. And, he has to know 3D CAD and the shop
floor technical experts are required because placing the job after doing the job post

processing all these things are required.

So, despite at kitchen table no infrastructure is required when you talk about fabber, it is
just like your microwave oven it has come. No special infrastructure is indispensible, a
separate office space helps to handle the material and the parts and keep away from the

noise. So, it is used in shop floor these are the casting which is used.
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Recollecting the definitions

Additive Manufacturing (AM) is a layer-based automated
fabrication process for making scaled 3-dimensional physical objects
directly from 3D-CAD data without using part-depending tools.

Rapid Prototyping is one of the application levels of AM where two
sub-levels can be distinguished:

Solid imaging (or concept modeling) defines a family of parts that
are applied to verify a basic concept. The parts resemble a three
dimensional picture or a statue.

Functional prototyping 1s applied to allow checking and Verlfylng one
or more isolated functions of the later product or to make the
production decision, even though the model cannot be used as a
final part

So, to recollect and recap whatever we have learnt till now, here are some of the
definitions additive manufacturing is a layer based automated fabrication process for
making scaled 3-dimensional physical objects directly from a 3D CAD data without
using part depending tools is the definition for additive manufacturing. Prototyping is
one of the application levels of additive manufacturing, where two sub levels can be

distinguished.

One is solid imaging or concept modelling defines a family of parts that are applied to
verify a basic concept, the part resembles a three dimensional picture or a statue. So, this
is solid imaging. Functional prototype is applied to allow checking and verifying one or
more isolated functions of the later product or to make the production decision, even
though the model cannot be used as a final part those prototype are called as functional

prototypes. So, these are under prototyping



(Refer Slide Time: 34:47)

Techniques then when we talk about rapid manufacturing, at the application level
summarizes all processes that deliver final products or final parts that needed to be
assembled to become a product. So, that is nothing, but rapid manufacturing. In this we
have two sub classifications which is direct manufacturing and direct tooling, if the

resulting part is positive it is called as rapid manufacturing. If the resulting part if it is

Recollecting the definitions

Rapid Manufacturing at the application level, summarizes all
processes that deliver final products or final parts that need to be
assembled to become a product.

If the resulting part is a positive, the process is called Direct
Manufacturing.
If it is a negative, which means a die, a mold or a gauge, it is named
Direct Tooling.

Rapid tooling involves all AM procedures that lead to final parts
used as cores, cavities, or inserts for tools, dies and molds.

Prototype tooling is the corresponding application level, some kind
of an intermediate level between rapid prototyping and rapid
manufacturing.

negative which means a die then it is called as direct tooling.
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Recollecting the definitions

Indirect prototyping is applied to improve the AM part’s properties
in order to fulfill the applicator’s requirements, if the AM part is not
capable to do so.

Indirect tooling is based on the same copying procedures as all the
indirect processes. It is not the goal to obtain a final part, but a tool
that provides the basis for a small or medium size batch production
of final (or series) parts or products.

Indirect manufacturing is based on AM masters as well. The goal is
to obtain final (or series) parts with properties equal to traditionally
manufactured (non-AM) products.



What is rapid tooling? Involves all AM processes that lead to a final part used as core,
cavity or inserts for tool die and molds. Prototyping tool is the corresponding application
level, some kind of an intermediate level between rapid prototyping and rapid
manufacturing is prototype tooling. Then indirect prototyping, indirect tooling and
indirect manufacturing was the last phase we saw. Indirect prototyping is applied to
improve the additive manufactured parts property in order to fulfil the applicators

requirement. If the additive manufacturing part is not capable to do so, we use indirect

prototyping.

Then indirect tooling is based on the same copying procedure as all the indirect
processes do. It is not the goal to obtain a final part, but a tool that provides the basis for
a small or medium size batch production of final parts is indirect tooling. What is indirect
manufacturing, is based on additive manufactured masters as well. The goal is to obtain
final part with properties equal to traditional manufacturing products is called as indirect
manufacturing. Please try to remember these definitions, which are the explanations

which is going to help you to understand this course completely.
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Summary

The discussion of the applications of additive manufacturing proves
that today all levels of applications and all branches already benefit
from the capabilities of AM.

The definitions support a professional discussion. In practice it is
particularly important to distinguish between the different
application levels.

Disappointments often result because the users do not properly
define their expectations.

The examples underline that various AM processes can be used,
sometimes even alternatively, to meet the user’s needs.

To summarise the discussion of the up application of additive manufacturing proves that
today, all levels of application and all branches already benefit from the capability of

additive manufacturing



The definition supports a professional discussion in practice, it is particularly important
to distinguish between the different application levels. Disappointments often result
because the user do not properly define their expectations. The examples underlying that
various additive manufacturing process can be used sometime even alternatively to meet

the user needs.
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Summary

To take advantage of this fact, the different AM processes that are
commercially available are presented.

Today's restrictions, such as a limited variety of materials, poor
surface quality, or a far too slow performance of AM production
processes will be overcome quickly.

As worldwide hundreds of scientists and industrial product
developers work on all facets of this new technology, tremendous
improvements as well as completely new processes will be available
soon.

They will open up new fields of applications for all kinds of industrial
products, mainly for electronic parts and medical applications.

To take the advantage of this fact, different additive manufacturing processes that are
commercially available are presented. Today restriction such as limited variety of starting
material poor surface quality and far too small performance of additive manufacturing
process will be overcome quickly, which are now the limitation people are getting out of
it as worldwide hundreds of scientist and industrial product developers work on all facets
of this new technology, tremendous improvement as well as complete new processes will

be available soon.

They will open up new field of application for all kinds of industrial products namely for

electronic parts and medical applications which is very much talked about today.
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To recapitulate

Need of Rapid Manufacturing?
What is the main characteristic of additive manufactured parts?

What is the difference between Generative Manufacturing and
Additive Manufacturing?

What is the relationship between Generative Manufacturing ,
Additive Manufacturing, and Layer-based Manufacturing?

What is the difference between Functional Prototyping and Direct
Manufacturing?

On what parameters indirect manufacturing depends?
Categories of the nomenclature of AM machines?

To recap what we saw need for rapid manufacturing, what is the main characteristic of
additive manufacturing part, what is the difference between generative manufacturing
and additive manufacturing, what is the relationship between generative manufacturing
additive manufacturing and layer based manufacturing. What is the difference between
functional prototyping and direct manufacturing; on what parameters indirect
manufacturing depends and categories and nomenclature of additive manufacturing

where, some of the topics which were covered in this presentation.
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Task for student_s




So, task for students, when you start executing this task it gives you a better
understanding. So, the task is try to take clay, which is available in the market and make
a toy which is of 5 centimetre cross 5 centimetre cross 5 centimetre size, and it has to

focus only engineering college students or I will redefine it to the age group of 18 to 25.

So, you have to make it has to focus only engineering. So, this age group you have to
keep in mind, you have to make a clay model which the dimension should not cross 5
centimetre cross 5 centimetre cross 5 centimetre. Please do this exercise and try to see
how do we make models and then you will see what are the failures which can happen in
these models. And, then you will also see limitations of these models. Of these models
means | expect you to make more, but if you can make one it is also fine and then you

should also see did you use layer by layering technique layer by layer technique.

If you used it, is there a time reduction for building of the same part. Please try to do; this

will try to appreciate what we are studying in this course

Thank you very much.



