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Lecture-21
Research to Innovation Part 2

So here are some examples, ok? I am going to take various details of 3 examples. First example is
that company (which) created that cotton-picking, cotton productivity enhancement tool. The idea
is that people will go to a piece, a pod of cotton, lint I think it is called and then they will get this
device and the devices suck the cotton into it, and there is a conduit through which the cotton will
directly go to a pack at the bottom. And eventually, you know, one once this person has finished
the work, there is already a bag full of good quality cotton sitting there. All you need to do is wrap
it and send it across right.

(Refer Slide Time: 00:47)
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www.sickle.in

www.hectarein Nitin Gupta, CEO & Founder
nitin@sickle.n (Guide: Prof Dibakar Sen, CPDM ISc)

So, Nitin Gupta became the CEO and the founder of it and it was done under the guidance of
Professor Diwaker Sen at CPDM (IISc) when it started.
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Sickle innovations
Conceptual & Prototyping

+ Cotton lint didn't follow physical laws as we had
understood

+ There were many concepts which we thought will
work but when we experimented during prototypes
they miserably failed

So, lints did not follow physical laws as it was understood, so they tried many things and it worked
reasonably well but many times during when they prototyped, it failed miserably. As I said, you
know, you have to come up with multiple ideas and fix them as you go along.

(Refer Slide Time: 01:12)

Sickle innovations
Conceptual & Prototyping

+ Getting right material properties like strength, surface
finish etc. in rapid prototyping techniques was difficult

So, getting right material properties like strength, surface finish, and so on was a major challenge.
They were using rapid prototyping because they wanted to do it quickly.
(Refer Slide Time: 01:20)



Sickle innovations
Conceptual & Prototyping

So, they went through the cotton pod, they tried the idea and then they worked through that.
(Refer Slide Time: 01:31)

Sickle innovations
Piloting

And here is the device that finally seemed to work. The idea is that I can use the fluid mechanics
close to a surface. It creates a small amount of sucking and it can take that cotton out. The problem
was that they had a very limited time window in which they have to go and do all these exercises,
right?

(Refer Slide Time: 01:49)



Sickle innovations
Piloting

Since cotton is a season crop:

+ Very limited time to carry out pilot testing

+ [f there are any modifications, it becomes even more
challenging because next around conditions change

* Field * Environment
« Crop variety * Labor

Because if you miss it, one year they have to wait. And if there is a modification to be done, what
is the time to do that? See you find a problem, you come back, you fix it, you go back to the field
by that time the season (for harvesting) is over, so that is the challenge.

The second thing is that tomorrow may not be the same as today. Today is hot, tomorrow is dewy.
Once it is dewy there is more moisture in the cotton, its ability to be sucked becomes very different.
So, again your design must be robust and works across multiple threads of input.

(Refer Slide Time: 02:19)

Sickle innovations

(Refer Slide Time: 02:22)



Sickle innovations
Piloting

So, they had to keep modifying. They had to go and do the piloting. That is Nitin standing there.
In the production level, when they wanted to produce enough in large quantities, plastic parts were
a big challenge.

(Refer Slide Time: 02:28)

Sickle innovations
Production

* Plastic parts are biggest challenge and investment
heavy

+ Since initial production batch is not much it was very
difficult to invest in plastic molds

* This resulted in compromising in design and features

And of course it was investment heavy. Why? Because if you use injection molding, which is a
manufacturing process, you have to have molds. Molds are expensive. If you have to change your
design every once in a while, you have to have, every once in a while, a different mold and that
makes it very investment heavy. So, they had to therefore compromise quality, both design and
feature. So it was more or less like that but not quite, and that can make a difference.

(Refer Slide Time: 02:57)



Sickle innovations
Production

 Few parts wore out faster in field conditions than
anticipated/tested

* Morning dew on cotton lint challenged the overall
performance of the machine

And then there are parts that wore faster than those that were anticipated or during testing in real
field conditions. And I said, the dew was there, that would change the overall performance. So,
there are many challenges that will come from the field. So the earlier you are in the field. Do not
wait for finishing your design, your magnum opus, before going to the field. Go to the field first.
Get connected with the people. And then finally it came to business.

(Refer Slide Time: 03:28)

Please remember this is one of those 3 pillars: Society, Technology and Business.
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Sickle innovations
Business

* Qur product did what it claimed, despite this it did not
create success in market, and we had to withdraw it

+ Cotton picking machine picked cotton from plant and
directly packed in a bag which could be taken to
ginning mills

So, the product did everything that they thought it should do, people should go there, hold the
object, it will suck and will go get filled out and all that. It happened. But despite that it did not
create success in the market. What happened?

It was not a win-win situation. All the stakeholders must be happy and they were not. It turned out
that this machine that they created, that picked cotton from the plant and directly packed it into a
bag, was going directly to gaining mills, where they will then get the thread out of the cotton.

So, while they initially thought that they were going to empower the person picking the cotton,
they ended up empowering the company that is selling cotton.

(Refer Slide Time: 04:17)

Sickle innovations
Business

+ Even after l[aunching a commercial pilot with one of
largest cloth mills in India, mills could not pass the

benefits of getting cleaner cotton to farmers

* There were many middle men involved in between
this value chain




The middle people, middle men, they actually made all the money and not the person at the end.
So, because the supply chain was not financially benefiting and the main parts of the supply chain,
it did not become market viable. And the product failed. So, it is important to remember that the
equation for business is win-win-win-win-win. Everybody must be winning otherwise it is not
going to work.

(Refer Slide Time: 04:41)

Sickle innovations
Business

So, this is their business part, you know, they actually tried it. These bags are from the fields and
this is the team.

(Refer Slide Time: 04:50)

Sickle innovations
Business




So, you see the final product there. You see this being picked up here, this chute that is taking it to
the bag at the bottom, and then those bags are coming out.

What is interesting is that yes it failed. But what is success? Success is that the company survived.
How did they survive?

They moved (ahead) and started looking at picking other things. So, they have mango picking,
they have apple picking and they become a picking business, right? And the mango picking and
the apple picking is doing exceedingly well and they are getting left-right-center, all kinds of prizes
but also more importantly they are making money.

(Refer Slide Time: 05:25)
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Core Team

Nitin Gupta

Business Development

Indian Institute Of Science, M.Des.
(2013)

Indian Space Research Organisation
(2008-13)

President Award (scouting), 2001

This is the team that is Nitin.
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Sickle innovations

Core Team

Vinay Reddy

Product Development

Indian Institute Of Science, M.Des.
(2012)

Ashok Leyland (2012-13)

Catia Creative Designer(2013)

That is Vinay Reddy. There they are the main two, sort of, business and technology end of it.
(Refer Slide Time: 05:32)

Sickle innovations

Products and offerings

These are some of the other products that they have created. So, they have all kinds of picking
devices. And they use some of the Al and machine learning now in order to see whether the apple
is worth picking now, whether the mango is ready for picking now. So, they have a camera up
there and so on and they have a wire cutter that can be heated up from here. So, you do not have
to do this to cut it.

(Refer Slide Time: 05:53)



‘Innovative Company Of The Year Award’ 2016, ISBA

So, that is ISBA (Indian STEP & Business Incubator Association) innovative company that is
2018.
(Refer Slide Time: 06:00)

Farm Tech Startup Of The Year 2018
ICFA

Then Farm Tech Startup 2018.
(Refer Slide Time: 06:03)



Recieving the FICCI Business Excellence Award from
Hon'ble Minister Of Commerce & Industries SH Suresh Prabhu

Then FICCI business award,
(Refer Slide Time: 06:06)

Presenting the work to Hon'’ble Prime Minister
SH Narender Modi @ Krishi Unnati Mela

That is, Modi ji is there,
(Refer Slide Time: 06:08)



Selected as Top 35 Startups of Country by PMO

picking Nitin as one of the top 35 startups;
(Refer Slide Time: 06:13)
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PURAK

Second example is that of Purak, that prosthetic arm that I talked about. In design their challenge
was this high-end function with an affordable solution. And as I shared with you, you know, the
challenge was, ‘Can I minimize the number of actuators?’ Because if | can minimize the number
of actuators, I will also minimize the number of sensors, I will also minimize the number of
controllers. So, basically the whole thing gets minimized.

And the second challenge was in the prototyping, getting the right manufacturing processes. You
know, the same manner that presumably may be brilliant for making 200 parts but terrible for

making one remember, injection molding is a classic example, right? So, actually one problem that



you should look at or some of you should look at is: How do I create a mold that can be changed
into another mold, and that can be changing yet another mold. Molding is a major challenge where
the cost is involved.

(Refer Slide Time: 07:08)
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Spherical Grip

Thumb is opposed, fingers and thumb
close and adapt to the shape of the

object with either 3,4 or 5 fingers based

on the size of the object.

The third one is in the production. How can we create a low volume, low cost production process?
See the problem is, not everything is like a PCB or a computer chip and so on, which is coming
out in millions. Your market is small in size. You will sell probably 20 in one month if you are
doing well. And then the question is: How do I create low volume, high quality numbers at very
competitive cost. So, therefore low volume, low-cost production processes become a challenge
and that is the case for them, right? Not everybody is a lower army amputee, so you get a small
volume.

And the fourth point is, How do I price my product? If I make it too expensive nobody buys. If I
make it too low I do not make enough profit. So, what is that sweet spot. And how do I penetrate
the rural market? There is a large number of people who can benefit, that can be done. So, those
are the challenges that they are facing right now.

(Refer Slide Time: 08:08)



Mobile arm support mas)

* Developed at Cambridge
University,

* Engineering Department,

+ for people with Muscular
Dystrophy (MD) and atrophy
(MA) leads to gradual
deterioration of muscles.

Third example is going back to that Mobile Arm Support project where I want to spend a particular
amount of time on only one part of the production level, so the detail design. I want to show how
complex it is and therefore how important it is to pay attention to detail.

(Refer Slide Time: 08:29)

Mobile arm support mas)

Proof of Concept (Design)

+ Called MAS 1 and its prototype was

+ Developed to improve arm mobility of a patient

+ The patient could independently perform activities
(such as eating and drinking) with no help from their
caretakers

What did we do? We went through two different cycles. First we created a proof-of-concept or
design or prototype. We call it MAS 1 that was focused on only a certain group of people that
would be fine, who would be agreeable, to testing the device. So that they could perform activities,
such as eating and drinking, for which they are currently dependent on others.

(Refer Slide Time: 08:51)



4 link rods

And then what did we come up with? We essentially came up with a 4 bar linkage. You know,
when you have a 4 bar linkage, what happens is that the two bars remain parallel to each other. So,
if I have a 4 bar linkage, imagine this is a 4 bar linkage, right? 1, 2, 3 and 4. If I take this line and
if I rotate this line, these two bars still remain parallel to each other. So, I can use that principle in
order to move something up and down while retaining the orientation. And that is the advantage

of using 4 bar mechanics.

So, you can use multiple 4 bar mechanisms and so that you can give the degree of freedom here, I
can use one 4 bar mechanism and connect another 4 bar mechanism with a rotational joint and then
I can keep them in parallel to each other.

(Refer Slide Time: 09:36)



Mobile arm support mas)

However, there were a number of tasks that the design
could not support

Moreover, the design was not optimized in terms of
* Cost,

+ Weightand

* Aesthetics

It is not optimized with respect to cost weight and aesthetic.

(Refer Slide Time: 09:41)

Mobile arm support mas)

Design for Production

MAS Il with improved functionality:

* Tosupport alarger areaof reach
Weight reduction,
Affordability and
Aesthetics
Had sculptured surfaces

Therefore we went from the pilot into a MAS II, a second prototype. Second design where
improved functionality can cover larger areas and cost and weight are more optimized. So, this
new design had a more sculptured surface, it had a polar coordinate oriented motion and it also
had all kinds of other things, so that the arm is more comfortably possible to be used. I want to
focus on only one part. Now that part is very interesting. When you go from pilot to production,
what happens? Your volume (here, volume is referred to the number of products) increases, right?
Now when you want to increase the volume, you have to have more of these mobile dystrophy

sufferers to be brought into the realm of your product. Now the more the number of people, the



more the number of wheelchairs. And therefore the more the variety of wheelchairs, right? All the
designers have put all their creativity and created very different wheelchairs.

What is it that you do so that you become universally fitable? So therefore I am only focusing on
that part. I am not talking about the Mobile Arm Support at all.

(Refer Slide Time: 10:55)

Mobile arm support mas)

Design for Production

wheelchair tube

Locking Mechanism to Multiple Wheel Chairs

Only how to connect that to different kinds of wheelchairs, right? So, you have the wheelchair,
this is just one wheelchair and it happens to have a rod there at that certain angle. And I have to
fix it to that rod, let's say. But my actuator must remain vertical because if it is at an angle it is not
going to work properly, right? So, therefore it must be adjustable. And how do I do that? Another
wheelchair may have the rod somewhere here, it may have a slightly different size. So, we have to
deal with those, right? What they decided, the team decided is that we are going to have an
intermediate bracket.

First time when we did the piloting we had a bunch of people who had the same wheelchair, so,
therefore we created one design for everybody. Now we had to create a design, it may still be one
design only, but it must now be applicable to multiple types of wheelchair. So, it has to connect to

the wheelchair and to the actuator, right?

This is the actuator, the Arm Support and this is the wheelchair. So then we decided, the team

decided we are going to have a bracket and then the actuator will connect to that bracket.



Wheelchair will connect to the bracket, the actuator will connect to the bracket. The bracket
becomes like an intermediary element.

(Refer Slide Time: 12:18)

Mobile arm support mas)

The case study discussed here onward is the courtesy of
the following:

Chakrabarti, A. and Wolf, B.

Reasoning with Shapes: Some Observations from a Case
Study, Proc. ASME DETC (9th
Intl. Conf. on Design Theory and
Methodology, Boston, 1995),

DE-Vol. 83, Vol.2,1995, pp-315-322

This study was published in one of the American Society of Mechanical Engineers Design
Engineering Technical Conferences. A very good student of mine, Wholker who is from
University of Darmstadt was the student who actually did the study. So, therefore I have a very
detailed report of this and I thought this would be brilliant to share with you.

(Refer Slide Time: 12:37)
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There is a leadscrew actuator, powered by a DC motor gearbox that connects and provides the
power to the vertical motion. And then there is an attachment that attaches the actuator arm support
assembly to the wheelchair.

(Refer Slide Time: 12:51)

Mobile arm support (vas):
Attachment Mechanism

The Mechanism had three main sub-assemblies:

« A means for holding the actuator-arm-support
assembly in vertical position

+ A means to attaching to a range of wheelchairs

* A means for connecting these two

We need to have a way of holding the actuator arm support in a vertical position. It must remain
vertical. Attachment to a range of wheelchairs which can have different, you know, orientation
and so on and a means of connecting the two, right?

(Refer Slide Time: 06:08)




So, we looked at a bunch of wheelchairs. What did we find? We found that there are no common
attachment points. The only commonalities are that they are tubular frames. They are only common
elements.

(Refer Slide Time: 13:17)

Mobile arm support (vas):
Attachment Mechanism

As the wheelchair tubes were not exactly vertical:

Adjustability of the attachment was important to
keep the actuator assembly upright

This led to the simple solution of a plane vertical
bracket to which the actuator can be mounted.

But these tubular frames have at least one vertical site that you can use. So, we decided on a vertical
bracket. Therefore the problem became changed now of how to connect a vertical bracket to the
actuator mechanism. Now with respect to that component we are now designing components,
because we are in the detailed design stage.

(Refer Slide Time: 13:38)

Mobile arm support (vas):
Attachment Mechanism (Detail design stage)

The overall specification of the attachment design
problem consisted of customer and engineering
requirements

These included:

« Low part count,
* Discreet design
«  Fitting to many wheelchair designs.




The component must cost low, it must be easy to dismantle without loss of adjustment and it's
angle of actuator axis should be possible to adjust. The number of parts should be low. Why?
Because it’s roughly proportional to the cost. Design should be discreet, it should merge into the
rest of the design and it should be fitting to many wheelchairs.

(Refer Slide Time: 13:56)

Mobile arm support mas):
Attachment Mechanism (Detail design stage)

The overall specification of the attachment design
problem consisted of customer and engineering
requirements

These included:

« Low part count,
« Discreet design
« Fitting to many wheelchair designs.

Easy to install, cheap, pleasing aesthetics and so on;

(Refer Slide Time: 14:00)

Wheelchair

Bracket

General layout of the attachment

So, back to that diagram again, the bracket is already there. We are trying to connect these
assemblies to that bracket.

(Refer Slide Time: 14:14)



hole for
wheelchair tube

screw hole

new screw hole

So, we are on the vertical plane and we are connecting the tube. So this is what comes from MAS
1. The hole for the wheelchair tube, where the wheelchair tube will be there, and the hole for the
tube that holds the actuator assembly.

So, basically what you do is you, you open these two pieces, you get into the wheelchair tube, it
wraps around that here, that's the wheelchair tube. Then you get the other mount support, hold it,
somebody else takes the screw and puts it there and tightens it. That is it, done. But for a very

specific support.

Now we are going to have to attach it to a plane, right? Which means we need to have screws on
that plane so we can connect it to the bracket. You have two screw lines so you get the bracket,
you put that there, you put those two screws there and it is attached to the bracket. Here is the Arm
Support assembly and you put another screw and tighten it, and it is ready.

(Refer Slide Time: 15:03)



Locking mechanism to multiple wheel chairs for MAS I

Top View

Screw Axis \
XK

Parts come

Wheel =— together
chair tube when screw is

tightened

Attachment problem with the modified MAS 1 clamp design

This is the top view of the Arm Support, right? This is where the bracket is. If I tighten here what
happens? It forks. These two elements here, and here where there are two screws, they should form
a plane. They are no longer a plane. So, it is not going to work over a period of time, the whole
thing is going to collapse. So, then you can think of another solution instead of putting one screw
to tighten it. You have two screws one on this side and one on that side and you adjust that such
that these two planes remain on a single plane. Ok, that is going to be a nightmare for adjustment.
But assuming that you are so good at adjusting that you can do it, the problem is that there are also
other two screws coming from the side, that is holding it against the bracket. These two are going
to interfere with each other or make the parts sufficiently weak that over a period of time your
robustness and reliability is going to go out of the window.

(Refer Slide Time: 16:06)



Manufacturing
Number of parts

So, what I want you to appreciate is that the interplay between cost, manufacturing, number of
parts, functionality. It is not one or the other. It is one and other. And that is an interesting challenge
for you.

(Refer Slide Time: 16:16)

Locking mechanism to multiple wheel chairs for MAS I

Bending and stress
make this design
unreliable

Clamp design with continuous slot

And one way to deal with this is that we are going to have this whole thing as a single part. The
problem is happening because there are two parts and we have to keep these two planes on the
same plane.

Can I make the whole thing a single plane? Because it is a single part, I can attach the actuator
assembly to that and the plane and I can use, you know, the assembly can come from one side. It

is a continuous slot, so you can push it in and it is slightly bigger in size.



(Refer Slide Time: 16:44)

And then I can have the screw to tighten it. But the bad news here is that this part is going to have
a lot of bending and that is not good.

First of all it is much harder for you to tighten it because you have to work hard on that bending
and this screw has to go through a lot of stress and that is bad news. So over a period of time this
is not going to remain a robust and reliable design.

(Refer Slide Time: 17:05)

Locking mechanism to multiple wheel chairs for MAS [l

Position of new Wheel chair
screw for bracket

Clamp screw

Orthographic
Brass pivot view
plate

The square clamp design accidentally noticed by the designer

Then the team actually looked at, got inspired by another design that was a dental attachment. The
dental attachment seems close enough that we could use it, so we started looking at it. Imagine this

is your arm support, right? You are looking at the top view again. This is the plane on which you



are going to attach, that is for the bracket. The difference between the earlier design and this is the
following: that here your pivot is not a single point. Your pivot is a plane, so if your pivot is a
plane and there is a brass pivot. So if I open it I see that there is a plane here. Then what I can do
is I can put two screws here and I can attach that to the bracket. And I can use this screw to tighten
it, the only thing that you have to ensure here is that this is not a full circle.

So, if I take a block, and make a through hole, and if I cut it into two, and if [ put it together, then
I am not going to clamp anything. It is going to support each other. So, therefore I have to take a
thin portion out of it, so that it can do this. And then I can tighten, and it goes on and clamps the
object.

(Refer Slide Time: 18:19)

Locking mechanism to multiple wheel chairs for MAS Il
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Pivot feature modification of the modified square clamp
design

Now look at the manufacturing. How are you going to do that? Let's take a block and you cut a
hole and you cut it into half. Let us say that you are using something like a CNC milling, right?
So, how does CNC milling happen? Does anybody know?

So basically you have a cutter like that, right? A cylinder that goes round like that, it rotates like
that, like that. So when it does that it takes the material out at the bottom.

So, I can take a portion of this and leave a little bit of this at the end. And then those two points
can become your plane pivot. I can have two element pivots. One here and one here. It will still sit

together and provide me with a nice stable plane on this side, right? And then you have a screw



here and the screw here to hold it with the bracket. And here the attachment mechanism will come
and using this screw I can tighten it.

(Refer Slide Time: 19:12)

Locking mechanism to multiple wheel chairs for MAS [l

Clamp design

Plane 1

Alternative attaching planes in the modified square
clamp design

So, now I have these two attaching to this plane, attaching to the bracket, and this plane where I
can put this screw and tighten it to clamp it. But then this is a rectangle. Originally, we put the two
screws here because it was a circular object, and in that circular object that was the only plane
available. The end of the cylinder was the only plane, but this is a rectangular object. I have more
planes. I can put my bracket here. Therefore this whole struggle that we are going through of
making sure that these two planes have to be on the same plane can now be dispelled with. If I do
that I do not need these two screws.

(Refer Slide Time: 20:02)



I can put the screws on this side and therefore those screws can do double function. One is they
can attach to the bracket and two, they can clamp the mechanism. So in other words, my number
of parts goes down. Good news. So, this becomes your design: So you have this plane where the
bracket is fixed, these two screws with which we can tight. And both these screws are Allen screws,
let us say, which means that this is a hexagonal head in the middle. So, I can then operate with a
single tool which is good rather than multiple tools because then my cost of tooling is less, my cost

of training somebody to use the tool is less.

One problem is that it is a big chunk of metal. Why should I waste so much material? Can I reduce
the weight of this object? The team said, ‘Ok, what we can do now is that, can I potentially use a
tube and then cut that tube into two, and of course cut a little bit more. Remember, you have to do

this. But that is still a lot of cutting.

I have to take a whole tube, I have to put it in a jig, I have to make sure it is parallel and I have to
cut it properly, right? Can I not use standard parts? So they said, ‘Yes we can. We have channel
sections. We can buy sections that look like this.” So, can I pick two of these and put them back-
to-back, hold it properly, take a thin material out in the middle and then make the hole. And now

it is ready for working, right? And now I have reduced the number of parts and also standardized.



The more you standardize the better because if I am producing that part in millions, my quality is
going to be better than if you are making 3. So, therefore we should take advantage wherever
possible.

(Refer Slide Time: 21:36)

Locking mechanism to multiple wheel chairs for MAS Il

Steel U-channel

Clamp solution with a hollow square tube

Finally that is the design. You have one channel section, one channel section. And that can come
from the same material, right? So, I can take a single stock and keep cutting and then turn it around,
make the cut and I am ready. And then you connect it with two screws so your number of parts
has dramatically come down, your weight has come down, your reliability and robustness has gone

up. And that is the final design.

What is it that you learned from this study of a single part? It is effectively just one very simple
case study. One is that we actually apply, we look at the problem one at a time. We say, ‘Ok, how
do I reduce part? How do I reduce the weight? How do I make sure that it gets clamped?’ And
when you do that you create new problems. The process is very simple, it is actually identifying
the problem and solving the problem.

(Refer Slide Time: 22:37)



Mobile arm support (vAs)
Summary of Observations

There are essentially four processes in design:
® |dentification of Problem
® Resolving Problem

® Modification and Evaluation

e Satisfactory Result

And to do that you have to go through these 4 stages. You do that almost unconsciously but [ want
to make it explicit. You identify problems, you come up with ways to resolve the problem, you
model and evaluate the problem and this process goes on until you are satisfied or you are
completely dissatisfied, that you give up.

(Refer Slide Time: 22:55)

Mobile arm support mas):
Summary of Observations

A complex knowledge base is used to conduct the
processes:

The designs must consider

«  QOperational
«  Manufacturing and assembly knowledge associated
with them

And this requires knowledge from Functional, Behavioral, Structural, Operational, Manufacturing,
Assembly. It's kind of a complete package. So, I want you to therefore learn all of them in an
integrated manner, that is important.

(Refer Slide Time: 23:09)



Mobile arm support (vAs)
Summary of Observations

Some criteria was taken from the specification, either
directly or in specific contexts.
Others were from principles such as:

® Use of Standard parts
Simplicity
Safety
Reduction of Material
Elimination of Redundant or Unnecessary parts

And remember the importance of standard parts, remember that there are certain things that are
considered ‘Common Sense’. Common sense is the most uncommon sense actually. And therefore
you should look at those principles and guidelines of embodiment, ok? Simplicity, safety,
reduction of material, elimination of redundant or unnecessary parts. Individually it is very easy
to say this, ‘Yeah everybody understands’. But collectively you need to ensure that you apply

them.

When you are evaluating you do not evaluate with respect to one criterion and another alternative
with respect to another criterion and say, ‘Therefore this one is better’. You have not used the same
standard for both, right? You think, ‘This looks better and that functions better, therefore I am
going to choose this one because it looks better’. Make sure that you use the same set of criteria
for evaluating, ok?

(Refer Slide Time: 24:06)



Mobile arm support (vas):
Summary of Observations

As modification depends on the state of the design
one starts with as well as the criteria chosen for
evaluation at that state, modification guarantees

betterment of a design only with respect to the
specific criteria used.

However, it does not guarantee that the design after
modification is better, on the whole, than the design
before modification

Selection, interestingly enough, when you're operating at that microscopic level, is very much
dependent on your level of satisfaction. And if your level of satisfaction is low, you are going to
come up with a low quality product. But it is also dependent on your knowledge and your
deadlines, ok? Given a lot of time you can do better, but there is always deadline. So you have to
ensure that your satisfaction level is high enough and still commensurate with the amount of time

that is available.

Remember, that every time you make modifications, only that particular problem's solution is
becoming better, not necessarily other ones. You have probably already designed well, now you
modified it for some other purpose, the earlier design became worse. So, keep an eye on whether
your earlier modifications are getting affected. Finally I want to again emphasize the importance

of the business angle, ok? Ultimately you want it to go out to the society.

It is not just an exercise in intellectual adventure. As I said, only this became possible when
somebody was ready to pay for it.

(Refer Slide Time: 25:18)



Centre for Product Design and
Manufacturing cpom: vision

That are

* Functional
+ Aesthetic
* Usable and
« Sustainable

So, make sure that you bring it right up front of the design process. And the time of task
clarification itself, you talk, you discuss, you think about business. And then at the end you
validate. In the beginning you make sure you take into account, at the end you validate that. Our
vision is to, of course excel in design and manufacturing. Why? Because you want to have people
who can go out and develop Systemically Complex, Technological Intensive, Socially Impactful

solutions that are Functional, Aesthetic, Usable and Sustainable.

Now I deliberately used the word systemic complex. Now when you are thinking about a problem
you normally are focused on that point, right? Here is something that I want to reduce the weight.
You should not create a new problem, overall your number of problems should go down, or the
overall intensity of problems should go down. And that is what is called a Systemic Complex. For
example, I can make a car very cheap at the time of buying at the cost of making it very expensive
for the rest of its life. That is ‘Shifting Cost’, it is not really ‘Reducing Cost’.

(Refer Slide Time: 26:20)



Centre for Product Design and
Manufacturing (cPbMm): Courses offered

Masters in design (M. Des) programme:

* |ntake of 25 students per year,
* Course length of 2 years,
+ B.Tech, B.Archand B. Des

We have two programs. One is a master's in design program. About 25 students per year, two
years, engineers and architects and of course B.Des. And then we train them in technical, aesthetic,
ergonomics, and so on, aspects where we expect that in their final year project, they are able to
create working prototypes with visual aesthetic appeal, and about 30 to 50% of them get patents.
The other part is of course the PhD and M.Sc program in Design and Manufacturing research. We

have labs like, labs on creativity, sustainability and so on.

We have of course, we have pioneered a formal Ph.D program in the country, but also we have
started M.Tech in Smart Manufacturing from this year. Professor Chakravarty and we are very
strongly connected. It's that both of us have one of the first Design Innovation Centers, DIC's ok?
That is funded by the MHRD, Government of India. Also the NDIN the (National Design
Innovation Network) which we lead, like the open design school is led by IDC we are again very

strongly connected.

And there is this INDO-US Center of Excellence Sustainable Manufacturing, Berkeley and so on.
This is by the way one of my labs. It is called Ideas labs. So it is the first design observatory in
India, where we basically have cameras and other devices with which you actually see people how
they design and we try to learn the way they design whether that is good or bad, or where we can

improve, where we can learn from them because they do it well. Where you can maybe teach them



later on and develop tools and methods with which to improve their performance. And that is it.

Thank you.

You have tremendous power to change people's lives. Use it, that is my most important message,

yeah? Forget everything I have said, but change people's lives, all right.



	Design, Technology and Innovation
	Prof. Amaresh Chakrabarti
	IDC School of Design
	Indian Institute Science Bangalore
	Lecture-21
	Research to Innovation Part 2
	So here are some examples, ok? I am going to take various details of 3 examples. First example is that company (which) created that cotton-picking, cotton productivity enhancement tool. The idea is that people will go to a piece, a pod of cotton, lint...
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	So, Nitin Gupta became the CEO and the founder of it and it was done under the guidance of Professor Diwaker Sen at CPDM (IISc) when it started.
	(Refer Slide Time: 00:54)
	So, lints did not follow physical laws as it was understood, so they tried many things and it worked reasonably well but many times during when they prototyped, it failed miserably. As I said, you know, you have to come up with multiple ideas and fix ...
	(Refer Slide Time: 01:12)
	So, getting right material properties like strength, surface finish, and so on was a major challenge. They were using rapid prototyping because they wanted to do it quickly.
	(Refer Slide Time: 01:20)
	So, they went through the cotton pod, they tried the idea and then they worked through that.
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	And here is the device that finally seemed to work. The idea is that I can use the fluid mechanics close to a surface. It creates a small amount of sucking and it can take that cotton out. The problem was that they had a very limited time window in wh...
	(Refer Slide Time: 01:49)
	Because if you miss it, one year they have to wait. And if there is a modification to be done, what is the time to do that? See you find a problem, you come back, you fix it, you go back to the field by that time the season (for harvesting) is over, s...
	The second thing is that tomorrow may not be the same as today. Today is hot, tomorrow is dewy. Once it is dewy there is more moisture in the cotton, its ability to be sucked becomes very different. So, again your design must be robust and works acros...
	(Refer Slide Time: 02:19)
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	So, they had to keep modifying. They had to go and do the piloting. That is Nitin standing there. In the production level, when they wanted to produce enough in large quantities, plastic parts were a big challenge.
	(Refer Slide Time: 02:28)
	And of course it was investment heavy. Why? Because if you use injection molding, which is a manufacturing process, you have to have molds. Molds are expensive. If you have to change your design every once in a while, you have to have, every once in a...
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	And then there are parts that wore faster than those that were anticipated or during testing in real field conditions. And I said, the dew was there, that would change the overall performance. So, there are many challenges that will come from the fiel...
	(Refer Slide Time: 03:28)
	Please remember this is one of those 3 pillars: Society, Technology and Business.
	(Refer Slide Time: 03:34)
	So, the product did everything that they thought it should do, people should go there, hold the object, it will suck and will go get filled out and all that. It happened. But despite that it did not create success in the market. What happened?
	It was not a win-win situation. All the stakeholders must be happy and they were not. It turned out that this machine that they created, that picked cotton from the plant and directly packed it into a bag, was going directly to gaining mills, where th...
	So, while they initially thought that they were going to empower the person picking the cotton, they ended up empowering the company that is selling cotton.
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	The middle people, middle men, they actually made all the money and not the person at the end. So, because the supply chain was not financially benefiting and the main parts of the supply chain, it did not become market viable. And the product failed....
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	So, this is their business part, you know, they actually tried it. These bags are from the fields and this is the team.
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	So, you see the final product there. You see this being picked up here, this chute that is taking it to the bag at the bottom, and then those bags are coming out.
	What is interesting is that yes it failed. But what is success? Success is that the company survived. How did they survive?
	They moved (ahead) and started looking at picking other things. So, they have mango picking, they have apple picking and they become a picking business, right? And the mango picking and the apple picking is doing exceedingly well and they are getting ...
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	This is the team that is Nitin.
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	That is Vinay Reddy. There they are the main two, sort of, business and technology end of it.
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	These are some of the other products that they have created. So, they have all kinds of picking devices. And they use some of the AI and machine learning now in order to see whether the apple is worth picking now, whether the mango is ready for pickin...
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	So, that is ISBA (Indian STEP & Business Incubator Association) innovative company that is 2018.
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	Then Farm Tech Startup 2018.
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	Then FICCI business award,
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	That is, Modi ji is there,
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	picking Nitin as one of the top 35 startups;
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	Second example is that of Purak, that prosthetic arm that I talked about. In design their challenge was this high-end function with an affordable solution. And as I shared with you, you know, the challenge was, ‘Can I minimize the number of actuators?...
	And the second challenge was in the prototyping, getting the right manufacturing processes. You know, the same manner that presumably may be brilliant for making 200 parts but terrible for making one remember, injection molding is a classic example, r...
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	The third one is in the production. How can we create a low volume, low cost production process? See the problem is, not everything is like a PCB or a computer chip and so on, which is coming out in millions. Your market is small in size. You will sel...
	And the fourth point is, How do I price my product? If I make it too expensive nobody buys. If I make it too low I do not make enough profit. So, what is that sweet spot. And how do I penetrate the rural market? There is a large number of people who c...
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	Third example is going back to that Mobile Arm Support project where I want to spend a particular amount of time on only one part of the production level, so the detail design. I want to show how complex it is and therefore how important it is to pay ...
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	What did we do? We went through two different cycles. First we created a proof-of-concept or design or prototype. We call it MAS 1 that was focused on only a certain group of people that would be fine, who would be agreeable, to testing the device. So...
	(Refer Slide Time: 08:51)
	And then what did we come up with? We essentially came up with a 4 bar linkage. You know, when you have a 4 bar linkage, what happens is that the two bars remain parallel to each other. So, if I have a 4 bar linkage, imagine this is a 4 bar linkage, r...
	So, you can use multiple 4 bar mechanisms and so that you can give the degree of freedom here, I can use one 4 bar mechanism and connect another 4 bar mechanism with a rotational joint and then I can keep them in parallel to each other.
	(Refer Slide Time: 09:36)
	It is not optimized with respect to cost weight and aesthetic.
	(Refer Slide Time: 09:41)
	Therefore we went from the pilot into a MAS II, a second prototype. Second design where improved functionality can cover larger areas and cost and weight are more optimized. So, this new design had a more sculptured surface, it had a polar coordinate ...
	Now when you want to increase the volume, you have to have more of these mobile dystrophy sufferers to be brought into the realm of your product. Now the more the number of people, the more the number of wheelchairs. And therefore the more the variety...
	What is it that you do so that you become universally fitable? So therefore I am only focusing on that part. I am not talking about the Mobile Arm Support at all.
	(Refer Slide Time: 10:55)
	Only how to connect that to different kinds of wheelchairs, right? So, you have the wheelchair, this is just one wheelchair and it happens to have a rod there at that certain angle. And I have to fix it to that rod, let's say. But my actuator must rem...
	First time when we did the piloting we had a bunch of people who had the same wheelchair, so, therefore we created one design for everybody. Now we had to create a design, it may still be one design only, but it must now be applicable to multiple type...
	This is the actuator, the Arm Support and this is the wheelchair. So then we decided, the team decided we are going to have a bracket and then the actuator will connect to that bracket. Wheelchair will connect to the bracket, the actuator will connect...
	(Refer Slide Time: 12:18)
	This study was published in one of the American Society of Mechanical Engineers Design Engineering Technical Conferences. A very good student of mine, Wholker who is from University of Darmstadt was the student who actually did the study. So, therefor...
	(Refer Slide Time: 12:37)
	There is a leadscrew actuator, powered by a DC motor gearbox that connects and provides the power to the vertical motion. And then there is an attachment that attaches the actuator arm support assembly to the wheelchair.
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	We need to have a way of holding the actuator arm support in a vertical position. It must remain vertical. Attachment to a range of wheelchairs which can have different, you know, orientation and so on and a means of connecting the two, right?
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	So, we looked at a bunch of wheelchairs. What did we find? We found that there are no common attachment points. The only commonalities are that they are tubular frames. They are only common elements.
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	But these tubular frames have at least one vertical site that you can use. So, we decided on a vertical bracket. Therefore the problem became changed now of how to connect a vertical bracket to the actuator mechanism. Now with respect to that componen...
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	The component must cost low, it must be easy to dismantle without loss of adjustment and it's angle of actuator axis should be possible to adjust. The number of parts should be low. Why? Because it’s roughly proportional to the cost. Design should be ...
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	Easy to install, cheap, pleasing aesthetics and so on;
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	So, back to that diagram again, the bracket is already there. We are trying to connect these assemblies to that bracket.
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	So, we are on the vertical plane and we are connecting the tube. So this is what comes from MAS 1. The hole for the wheelchair tube, where the wheelchair tube will be there, and the hole for the tube that holds the actuator assembly.
	So, basically what you do is you, you open these two pieces, you get into the wheelchair tube, it wraps around that here, that's the wheelchair tube. Then you get the other mount support, hold it, somebody else takes the screw and puts it there and ti...
	Now we are going to have to attach it to a plane, right? Which means we need to have screws on that plane so we can connect it to the bracket. You have two screw lines so you get the bracket, you put that there, you put those two screws there and it i...
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	This is the top view of the Arm Support, right? This is where the bracket is. If I tighten here what happens? It forks. These two elements here, and here where there are two screws, they should form a plane. They are no longer a plane. So, it is not g...
	But assuming that you are so good at adjusting that you can do it, the problem is that there are also other two screws coming from the side, that is holding it against the bracket. These two are going to interfere with each other or make the parts suf...
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	So, what I want you to appreciate is that the interplay between cost, manufacturing, number of parts, functionality. It is not one or the other. It is one and other. And that is an interesting challenge for you.
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	And one way to deal with this is that we are going to have this whole thing as a single part. The problem is happening because there are two parts and we have to keep these two planes on the same plane.
	Can I make the whole thing a single plane? Because it is a single part, I can attach the actuator assembly to that and the plane and I can use, you know, the assembly can come from one side. It is a continuous slot, so you can push it in and it is sli...
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	And then I can have the screw to tighten it. But the bad news here is that this part is going to have a lot of bending and that is not good.
	First of all it is much harder for you to tighten it because you have to work hard on that bending and this screw has to go through a lot of stress and that is bad news. So over a period of time this is not going to remain a robust and reliable design.
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	Then the team actually looked at, got inspired by another design that was a dental attachment. The dental attachment seems close enough that we could use it, so we started looking at it. Imagine this is your arm support, right? You are looking at the ...
	So, if I take a block, and make a through hole, and if I cut it into two, and if I put it together, then I am not going to clamp anything. It is going to support each other. So, therefore I have to take a thin portion out of it, so that it can do this...
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	Now look at the manufacturing. How are you going to do that? Let's take a block and you cut a hole and you cut it into half. Let us say that you are using something like a CNC milling, right? So, how does CNC milling happen? Does anybody know?
	So basically you have a cutter like that, right? A cylinder that goes round like that, it rotates like that, like that. So when it does that it takes the material out at the bottom.
	So, I can take a portion of this and leave a little bit of this at the end. And then those two points can become your plane pivot. I can have two element pivots. One here and one here. It will still sit together and provide me with a nice stable plane...
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	So, now I have these two attaching to this plane, attaching to the bracket, and this plane where I can put this screw and tighten it to clamp it. But then this is a rectangle. Originally, we put the two screws here because it was a circular object, an...
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	I can put the screws on this side and therefore those screws can do double function. One is they can attach to the bracket and two, they can clamp the mechanism. So in other words, my number of parts goes down. Good news. So, this becomes your design:...
	One problem is that it is a big chunk of metal. Why should I waste so much material? Can I reduce the weight of this object? The team said, ‘Ok, what we can do now is that, can I potentially use a tube and then cut that tube into two, and of course cu...
	I have to take a whole tube, I have to put it in a jig, I have to make sure it is parallel and I have to cut it properly, right? Can I not use standard parts? So they said, ‘Yes we can. We have channel sections. We can buy sections that look like this...
	The more you standardize the better because if I am producing that part in millions, my quality is going to be better than if you are making 3. So, therefore we should take advantage wherever possible.
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	Finally that is the design. You have one channel section, one channel section. And that can come from the same material, right? So, I can take a single stock and keep cutting and then turn it around, make the cut and I am ready. And then you connect i...
	What is it that you learned from this study of a single part? It is effectively just one very simple case study. One is that we actually apply, we look at the problem one at a time. We say, ‘Ok, how do I reduce part? How do I reduce the weight? How do...
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	And to do that you have to go through these 4 stages. You do that almost unconsciously but I want to make it explicit. You identify problems, you come up with ways to resolve the problem, you model and evaluate the problem and this process goes on unt...
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	And this requires knowledge from Functional, Behavioral, Structural, Operational, Manufacturing, Assembly. It's kind of a complete package. So, I want you to therefore learn all of them in an integrated manner, that is important.
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	And remember the importance of standard parts, remember that there are certain things that are considered ‘Common Sense’. Common sense is the most uncommon sense actually. And therefore you should look at those principles and guidelines of embodiment,...
	When you are evaluating you do not evaluate with respect to one criterion and another alternative with respect to another criterion and say, ‘Therefore this one is better’. You have not used the same standard for both, right? You think, ‘This looks be...
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	Selection, interestingly enough, when you're operating at that microscopic level, is very much dependent on your level of satisfaction. And if your level of satisfaction is low, you are going to come up with a low quality product. But it is also depen...
	Remember, that every time you make modifications, only that particular problem's solution is becoming better, not necessarily other ones. You have probably already designed well, now you modified it for some other purpose, the earlier design became wo...
	It is not just an exercise in intellectual adventure. As I said, only this became possible when somebody was ready to pay for it.
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	So, make sure that you bring it right up front of the design process. And the time of task clarification itself, you talk, you discuss, you think about business. And then at the end you validate. In the beginning you make sure you take into account, a...
	Now I deliberately used the word systemic complex. Now when you are thinking about a problem you normally are focused on that point, right? Here is something that I want to reduce the weight. You should not create a new problem, overall your number of...
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	We have two programs. One is a master's in design program. About 25 students per year, two years, engineers and architects and of course B.Des. And then we train them in technical, aesthetic, ergonomics, and so on, aspects where we expect that in thei...
	We have of course, we have pioneered a formal Ph.D program in the country, but also we have started M.Tech in Smart Manufacturing from this year. Professor Chakravarty and we are very strongly connected. It's that both of us have one of the first Desi...
	And there is this INDO-US Center of Excellence Sustainable Manufacturing, Berkeley and so on.
	This is by the way one of my labs. It is called Ideas labs. So it is the first design observatory in India, where we basically have cameras and other devices with which you actually see people how they design and we try to learn the way they design wh...
	You have tremendous power to change people's lives. Use it, that is my most important message, yeah? Forget everything I have said, but change people's lives, all right.

