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Lecture — 38
Round up

Hello I should have started with this earlier presentation which I had made very very old. It is

the issue being saying why do we need to learn anything about this mechanical engineering.
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So, please follow this thing and so on. One of the first thing you will notice is that there is a
significant and real difference between industrial design that is all where this you know you get
all your beautiful things which are available. And so, called designer products; anything you
come about right from clothes to standard items and all those you know interesting very very

extremely interesting products come from industrial design.



And then secondly, designing for manufacturing and design for manufacturing in mechanical it

has become two types which will seen the subsequent slides.
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Any design in fact, is a beehive of activity peculiarly we see that you know there are small cells
and we have these ultimate thing know saying each cell is separate. The reality is all of then

the purpose is same purpose is saying we have all work towards a product like this.



(Refer Slide Time: 02:00)
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If you see a complicated product like this, only core electronics forms the very important
thing. I am not saying anybody can make it, core electronics makes the important thing what
does make the difference between you know a product that can be marketed and you can

make profit out of it is the design of or presentation of the whole thing.
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Hornets nest / \/\./\

mwrimm

Feb-20 \/ \//\v \v"/ 4

So, here we come into the important more and more important saying is this Hornets nest or is
it a beehive of activity very very important thing we talk about saying there are so many things
like that. They actually the small design comes here probably they starting point of any of
these things says profitability and financial decisions, then the marketing and product

management.

So, these things follow, then we come to product management and eventually come into the
small core issue about it. It depends on for convenience I have just shown them about equal. If
you are a marketing person, you will you know things it important. And then all the time this
new device technologies are coming about that is how you are able to afford various other

things.



And most important is what our lecture is going to be is about CAD technology and computer
assisted engineering tools. In the case of manufacturing for the printed circuit boards and all
that we have the EDA tools EDA tools help in laying out the equipment making a 100 percent
analysis. And in the end you get things which will work every time under the given

circumstances.

Similar let us for the mechanical items. Even in the case of mechanical items if you see here
everything else which is not electronic is probably covered under computer aided

manufacturing, materials and so many of these things.

(Refer Slide Time: 04:35)
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So, at least you can stop this I will go a little closer which does make a direct impact on us
once you start the product design is that all the time we have new CAD techniques. If CAD is
could be analytical or the CAD could be laying out CAD could be mechanical and so on. And



now we have this cam also associated with it cam is you have to directly whatever the
designer wanted, he makes a file and with minimum amount of confusion and having to get

back to the source should be able to produce the equipment.

So, the whole lecture so far what I have covered was about saying how to make certain files,
certain things which are related to basic very core electronic design which involves little bit of
laying out of the equipment. And towards the end how to actually go to the workshop find
things how to do yourself and in the end the files that you have created will can be used by this
CAD people and it can be used for fantastic analysis and finally, you know automatic test

equipment.

So, these days in fact, components are no longer you do not bend early it and put it into a
PCB with the holes surface mount has come and surface mount also these days, one does not
talk about how many components to mount and all that. What is talked about is it is a
component shooter, how many shots per minute, per second and so on. So, if you have a
chance you can go to look for any of the YouTube tubes and what is a component shooter

which is used for making PCBs, but that is lot more related to the other things.
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Now, we have come back to our very close now we are sort of converging back to our main
thing important things, we need to concentrate whether you like it or not and whether they are
familiar with it or not is manufacturability. What is the fabrication what is the quality cost and
finishing what makes things good and maintainability, how do you assemble how do you install

and our interest is these are not you know single use thing.

So, we are coming back to saying long term, how do you like to use it and you as a designer |
am sure you are very very curious is to how somehow the things have been lasting very long.
And are now our biggest manufacturing what do you call setup in the world is able to make
things dirt cheap versus things even your costly mobiles are all made in China same thing as

the cheapest clone mobiles also.



So, we have all this assembly and all of us whether you like it or not we are here. Industrial
design is what that makes actually you know integrates all these things together. So, I am not
belittling or anything I am just showing you that this the thing called as feature integration,
integration of all the features and a trade off the designer has to take the trade off. At an
extreme level I do not like this torn clothes which people are wearing, but that is my personal

thing, but; obviously, people pay good money to buy them.

And we also have designer things and probably an occasional failure, but that is part of
showbiz. Most important is we have this user satisfaction; user satisfaction involves the
ergonomics, aesthetics and how well it is used how well it can be used. Now this is where we

slowly come into what we can contribute is these things.
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Next picture shows you we have the environmental effects, then we have the interconnection
effects, next we have the thermal effects. The moment you talk about any small prototype or
anything, you end up with these things you have seen that know something I have to do such
that something has to be closed still it has to be transferred across, but that should cannot
come inside. Same thing about it inside everything should be closed, but should you drop

something into your bath tub or water splash on it, nothing should happen.

(Refer Slide Time: 09:28)
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So, we slowly come across fantastic equipment like this you have seen this. It is a beautiful
some device I cannot say what it is an equipment. My interest was saying the way it has been

package nothing will happen to it water, it deadly waterproof.



(Refer Slide Time: 09:45)

il -22°F (-30°C) to 140°F (50°C)

| MIL-STD-810F, Method 507.4

il IPS7. MIL-STD-810F, Method 5104, Procedures | & 11

P67, sealed against accidental immersion (1 m for 30 min)
| MIL-STD-810F, Method 512.4, Procedure |

MIL-STD-810F, Method 516.5, Procedure IV

+ 26 drops from 4 ft (1.2 m) onto plywood over concrete
« 6 additional drops at -4°F (-20°C)

|| + 6 additional drops at 140°F (50°C)

MIL-5TD-B10F, Method 514.5, Procedure | Fig, 17 & 18

MIL-5TD-810F, Method 500.4, Procedures |, 1l & 1l
+ 15,000 ftal 73°F (23°C)

Feb-20 NPTEL MOOC NVCR Feb2020 9

And long ago we only used to have environmental standards for military applications. So, you
have operating temperature from 0 to generally in our places 60, but minus 30 and all is
normal. So, then we have humidity then we have sand and dust IP67, then you have water

then you have drop test vibration and altitude test.

These once upon a time we are only used for professional equipment, but near these days even
a small mobile or in my case | hearing aid or your watch or your fitness tracker all these things

are expected to work at all these places.



(Refer Slide Time: 10:33)
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So, this if some of you may remember this old Nokia, one of the earlier phones. Now it comes
we come to the very peculiar thing saying is it real or is it a just rendering on a computer
screen. It is probably just a rendering, but I manage to pick it up you see here clearly you have

various stages of it finally, you have the enclosure.



(Refer Slide Time: 11:09)

Now, to make somebody understand this you need to probably make a very simple prototype.
This is one of the earlier you know devices cut open rather broken open. So, you see here you

have various things.
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So, yourself you can pause it and see various things here and it is a wonder that things work

the way how complicated it.
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And then we have from the mechanical side, we have all these things. I was just trying to show
you saying this is inside a computer, I do not know whether actually it is a game what do you
call high pressure, high performance gaming device or an ordinary device, but what do we see

here is can you see here we have very complicated things called heat pipes; all this is real.



(Refer Slide Time: 11:54)
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Designing for 7?7 Compatibility

Team approach is preferred over a sequential passing of
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key parties and moves issues like shielding to early
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Integration into the overall design is important to meeting
regulations and a successful introduction.
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Now, comes to the important thing which I wanted to tell you which where you will be able to
make a difference. The thing is a team approach is preferred over a sequential passing or over
the wall preferred process allows early involvement by all key parties moves issued like
shielding and so on. This is made for something else, but I thought it will help in
understanding. So, your earliest prototype probably you know, you have to get across your

friends in the other parts of the team.

So, my earliest lecture starting from the second or third lecture was about just to make how to
make something very easily into your computerized still stick to that saying it is easy. Saying

on where the resources have to be concentrated by the other people.
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And we have several standardizations also this particular thing is called a single euro card.
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And it is a very old thing, will you believe this thing was made about may be 20 or 25 years
back.



(Refer Slide Time: 13:05)
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So, it is you need to make all these things finally, to make these things work.
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So, we have a really beautiful way.
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Now, we come to the saying your simple desktop or laptop solid modelling is available. So,
various things like lofting and as I said know sweeping surfaces, I do not know whether it is

from solid works solid, edge or any of the innumerable other model makers are there. The way

photorealistic rendering is been made it looks extremely real.



(Refer Slide Time: 13:51)
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So, this is where somebody needs to include all these things here saying at in the beginning
itself if you take a stand on these things typically, it is a product differentiation. So, if
something can be made at a lower price probably sales will be much much better. So, we have

here product differentiation for each market segment. So, that is where that marketing comes.

So, in case your team is interested is knowing, you can always show these things to somebody
and you can do it yourself saying you see this small product is meant for this application. And
old people also need phones, but then keys should be different should be tactile feedback and
you probably do not need so many features, but inside core can be same; basic core processor

can be same and you can continue to make products for different markets.



(Refer Slide Time: 14:56)

Stereo Lithography model

And you see here fantastic build up is shown here saying some are various types of solids.

Now this whole thing can be done by 3D printing, but it just a culture of a concept.
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So, the end result is you have CAD files and tremendous amount of documentation which in
the initial stage when we started it, it just started as a cardboard model made at home
eventually it can be verified this CAD files can be verified after evaluation. So, I have started

with you with a very very simple way of how to start these things.



(Refer Slide Time: 15:51)

Prototype:

“a physical instantiation of a product, meant to
be used to resolve one or more issues during
product development” - Otto&Wood

&
pf interest” — Ulrich &

These are all as you could have seen it in the beginning saying at one instant what is the
product meant to be used to resolve one or more issues during product development that is
what a prototype is. You seen that in the main issue seems to be new newness everywhere

know, new design and one or more dimensions.

This is what the engineering people will believe, the advantage for you is instead of going
around for a very comprehensive very big prototype. It is much easier for you to come out
with the very simple model and pass it along to all your team members. And probably one
Friday meeting if your product looks interesting and people are all focused, you are ready

saying now we will work on these lines.



(Refer Slide Time: 16:58)

Model:

* an object or mathematical construct that
represents some aspect of a product to
enable prediction of how the product
concept will perform

* When a distinction is made between “prototype’
and “‘model” (they're often used interchangably),

* Prototype means full scale AND physical,
* Model means not-full-scale OR analytical

So, now the next slide we are going to show you about mathematical construction that is the

word solid modelling we are talking about, not full scale or analytical just a model.



(Refer Slide Time: 17:19)

Proof-of-concept model (sic)
“Industrial Design” (appearance) prototype
“Design of Experiments” prototype

“alpha” (same matl & geometry, different
manufacturing) prototype

« “beta” (final part production; sp'ecial assy)
* Pilot production (small batch) prototype

6 types of prototypes from K. Otto & K. Wood: Product Design

Prototype means a full scale and physical. So, we keep all these type of thing; design of
experiments, beta, pilot production and so on. This you have see this know. So, right now at
the time of going to this press I am sure you also have got the thing same, they are going to
release or already released dark mode WhatsApp. So, and the small print is only for beta users

and you cannot access the beta user if you are already not a beta user.

So, the everything you actually have to mass manufacture you are you have to make a
prototype and then we have a simple proof of concept models and all the way to full-fledged

scalable prototype model.
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Analytical Model using specialized CAE software

So, you see here I do not know what it is actually, but just I expect it is something to do with I

do not know some optical thing maybe it is part of a spectrometer.
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Proof-of-Concept Prototype of optical elements
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The next few picture shows what it is you seen it, this is taken from another thing.
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Kinkajou "Alpha”, First Generation Prototype

Do not worry about it showing the extreme left we have all these things and you see here now

you know what it is, it is a projector while just taking full rgb and projecting on to the screen.
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Kinkajou Microfilm Projector - Alpha and Beta Prototypes

That time this were not known very well we have seen this we have a something here then we

have a prototype.
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Kinkajou “Gamma” Third-Generation Prototype Solid Model

And finally we have beautiful working units to me it looks like a film projector.



(Refer Slide Time: 19:09)

Kinkajou “Gamma” Third-Generation Prototype

So, let me leave it there.

Student: (Refer Time: 19:12).

Yes it is a film projector. You see here something moving there probably you load it and

nicely the projector is working.
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Analytical model using general-purpose solid medelling software

And you see here we have solid modelling and in this case of this solid modeling, this if you
say is predominantly electromechanical. See this very predominantly electromechanical device.
This is a electromechanical device probably has core electronics things may be 10 percent, 90

percent is the all the enclosure in our case, it is the other way.
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Cross-section capability of analytical model
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+ Breadboard
prototypes of
indexing derailleur:

* First prototype:
ratchet mechanism

with clamp to bicycle
frame

+ Second prototype:
ratchet integrated with
derailleur

So, lot of these things are included which I will just; I will just skip through if we do not need
to. I think all of you know about it know. I do not know how to pronounce it, but I will just

call it a derailleur; derailleur means it something changes your gears.
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“Appearance” prototype (ca. 1920)
aka “Industrial Design” model

So, we have a derailleur and then final prototype eventually you know you have beautiful

equipments like this recumbent tricycles.
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“alpha” prototype of recumbent tricycle
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So, we have all these things its again is from the very interesting book which I have shown you
Ullrich and Eppinger get a chance read the book and pay for it. So, that you know it will more

valuable and people will try to steal, you do not steal.

The advantage being do you have a comprehensive meaning all aspects included in it or do
you have to have a focus thing or do you have a full physical or just analytical. Focused
analytical is probably one type of fem analysis like that. Physical comprehensive is a regular

full flash prototype here. So, this is full, this is just math.
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So, we have all these know alpha beta and then we have models and various things about it

know how point of sale and so on.
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Use a model when:

You can learn what you need to know from an
analytical model less expensively than building a
prototype

You want to explore a range of parameters that are

easy to change in a model, but difficult or
impossible in a prototype

You understand the physics well enough to write
the needed equations for an analytical model
The size or expense of a prototype would be
prohibitive (e.g. a bridge or airplane)

And all this know is various things are there which fortunately you know we do not know to

in my initial course, you do not need it.
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* Build a prototype when:

You need to uncover unexpected phenomena
and effects

You need to learn something about the device
that you can't calculate (learn from an analytical

model)
You need to learn how people react to the
(BWES

You need to communicate what the device is to
other stakeholders

You need to subject it to a formal test protocol

You need to build a prototype you need to uncover all these things something about, you
cannot calculate learn from analytical how people react to the device and so on. Now, at this
point this is where I kept telling you where are simple CAD modelling will help; I will just

make a simple cardboard model.
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* “when you have no idea what you're
doing, build something, and you'll learn
faSt'" ...0.M.B. Baumann
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* “When you've thought of everything you
possibly can (given time constraint) and
the drawings are all done, build it’

» the way I've had to work in my consulting

practice building specialized instrumentation

And all it needs is I am sure after a good nights lack of sleep, you can come out with multiple
things. You will sleep you are likely to forget just awake and make two different models and I

am sure you will be able to make things.
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* The art of prototyping is to get the
information you need at the least cost (in
. To do this, you need to

phenomenaand-effects that occur in the
real device, and no more frequently than
required to ensure that the final product

—_— e

will meet specs.
(T TECE Spets

So, all the stuff know exactly you have seen it. The art of prototyping is get the information,
you need at the least cost in time and money you need to build early enough to understand say
everywhere every person and this particular things has design that matters early not just early
in the day, but early in the design cycle. Early in the design cycle if you start these things, you

will have very good chance of final product will meet this specs.

So, let us say I will just take in our case only two types of people one is the electronics people
who do the various types of layout and coding and all that another type is the mechanical or
the production people and the design people. In this particular case, I will use design for the
mechanical design and integration people. So, both of them if they make their own variations
and bring it to the table and I am sure all it needs is one Friday meeting by Monday your full

action.
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* Build a proof-of-
concept prototype
early in the project to
make sure you

understand the
/ofysicsend
phenomena involved

So, we have concept prototype and so on know understand the physics and phenomenal
involved, same thing. This is in our case will be electronics. So, if somebody can talk about it;
most of the time if you see our mobile phone started with that old good old Nokia and good
old Nokia did not even have a headphone socket I understand, but the one that sold in India
had a LED lamp and that made sure that nobody had to carry a separate torch and you could

speak on the phone.

So, on so on slowly FM radio started and the movement the FM radio started we ended up
with the wire and antenna in the headphones and you will not disturb anybody if you want to

listen to your own music.
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And now headphone like this is probably ancient. I have just used a gauge sticker to make it
look like a camera. The reality is unless something has at least one white camera to drop the

background and one focused 28 mega pixel camera.
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And then probably a range of sensors here and same thing in different saying a smart phone
will be considered dump if it does not have a camera. The fallout is that the small cameras
people have stopped carrying it along; everybody has one that is the separate problem and you
have a beautiful a featured this thing.
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* Do as much
development between
prototypes as
possible. You want to

avoid doing too many
incremental
prototypes;

So, looking back at this, you see here know beautiful amount of combinations of things have

been given.
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Catalogs are greatfor
browsing, but the
websites are bettey if

it's called
MSCdirect.com
McMaster.com

Digikey.com
Edmundoptics.com
Smallparts.com
WMBerg.com
Greenrubber.com

That is what I kept showing even my earlier thing catalogs information is generally authentic
and these days it is becoming expensive to have catalogs. But so, most websites which give
you the equipment or all the subsystems, give all of these things to you without any problem,
you can get all the equipment you want, get all the subsystems, you want get details of each of

them including a connector and including everything.
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+ Scavenge parts from
available devices to
save cost and time on
an early prototype

And finally, this is from the mechanical point of view.
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So, ignore it this is thing a full-fledged prototype, it is going to probably cost you a 100 times
100 is still a lot of money. So, that if you need to sell this for let us say I thing when we
bought it to around 15000 rupees so, it will probably cost you to make a device like this you
know, it would have costed them lot of money to make full. That is you have a case then you
have all the necessary what do you call printed wiring board, then you have a display

everything you know.

The first few model should have cost them may be 10 lakhs each. Then finally, they have been
able to right now this is available for sale in India for about 5 or 6000 rupees. These are old

Motorola I do not know e e 5 or € 5 plus or something.
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+ Sometimes, the
prototype IS the
product, or is to be
sold or delivered to a

stakeholder

(it probably won't be

as well-developed as
a production product,
but we have to try...)

So, if you look at very huge things like that here are in the case of a ship a cruise ship that is
the final thing. And you see all this you know from the place where have come these are all
very beautiful devices which are used for materials research. So, these are different and then

there you will seen that know.
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How to build?
Machined metals, plastics,
wood
- Miller, Lathe, bandsaw, water
Jet, laser cutter, plasma cutter

+ Stock shapes, minimal cutting
Molded plaster, epoxy, Bondo,
silicone (RTV)

+ Foam-core board
Available objects and std parts
Rapid prototype processes >

- Stereolithography,
= selective laser sinlering
- Laminated paper

So, we have all this which have been given here. So, you can go through it since a little old I

have shown you by somebody else is saying.



(Refer Slide Time: 28:10)

* References:

* 1. Engineering Design. Dym, C. L. &
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+ 3. Product Design & Development.
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So, we have all these thing saying now stereolithography is there. So, you can just stop it here
see if you can, I had access to this. So, I was able to use it ah, my suggestion is you can go
through this. Right now I will stop the lecture the focus in this has been saying why a

prototype is required, you have got my point know.

When whole focus in this saying why do we need a prototype at all, why cannot we just go
about building the whole things. I will continue this lecture afterwards after a small break to

say our own experiences with these things ok.

So, thank you I will continue a little later.



