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Welcome back to this course on Product Engineering and Design Thinking It is today lecture
number 35, which is on Frugal Engineering, which is a Disruptive Innovation Paradigm in
Product Development. Actually here, the frugality means basically what we indicate is
primarily is the affordability and that happens due to the reduction, drastic reduction in cost

and therefore, that creates a disruption in market and so, it is the cost disruption.

So, that is the kind of paradigm that we will take up in our discourse, which is a very
important issue today because the affordability is an extremely important issue not only for
our country, but for all countries and all emerging economies or countries in the emerging

economies.

And also, section of people in the developed economies where affordability is major issue
where which are low income country or even middle income countries there, this kind of a
product which is not very expensive, rather inexpensive products are required and that would

meet the need of a large number of people.
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So, we will go directly with this basic premise into today’s discussion. So, basically what we
will do is that we will talk about what are the disruption, how it happens and then we will talk
about the frugal engineering framework. And also, we would also see how this frugality
which as I said is very pertinent for the emerging economy countries which are practically

low income and constant with affordability issues.

But then those products can as well be exported to the western countries, the developed
countries, developed economy markets where to cater to a section of people there whose

income is also not high and that kind of innovation would be called reverse innovation.

Particularly here I would like to make a point here that innovation per se it is as the common

belief or the notion goes is that it is a thing that happens in the developed world, in the



developed market a product is developed created and then it is sent to other countries

emerging economy countries the innovation goes out.

So, basically it is kind of a triple down effect, triple down of innovation from the developed
world to the emerging economy world. So, or which we called global south that is coming to

the global south. So, that so, that is the you know trickle down innovation is trickle down.

What in reverse innovation we are saying is that certain innovation which is possible in a
emerging economy and those can be exported to though to the even developed countries and
that is for a section of people which would be benefiting from this kind of product which has

high affordability and this model therefore, will be trickle up.

Earlier it was a trickle down now reverse innovation will be trickle up that it would be going
from the emerging economy to the developed market. And well then, we would be talking
about the therefore, how such design is possible in frugal design there must be certain value

propositions we will discuss what those value propositions involved in frugal design.

And then we would discuss what are the tools available or and how what the tools we can use
effectively in frugal engineering. But let me tell you that there are many tools which normally
are used for general product engineering and product development and product design they
can very well be used for a frugal engineering absolutely and there is no bar of using any tool.
But there are certain tools specifically which are very very pertinent and which gives great

advantage in terms of cost reduction particularly.
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Innovation and Disruption

% Product innovation, is about creating a new
product or improving one to fulfill users’ needs
in a novel way, may cause a disruption of the
following kinds;

The approach adopted for this often is through ‘Frugal
Engineering’, which is also referred to as ‘Frugal
innovation’, or ‘Frugal Design’ or ‘Affordability
Engineering’ etc. in the literature.

* Low-end disruption, and

ek Though a term ‘ugaad Innovation’ is noted in few
* New-market disruption

places, its use will be advisedly and strictly dispensed
due to its poor connotation about quality, and most

O Low-end disruption: when a venture enters at il since the modality is unsustainable.

the low-end of the market, offering products
with ‘good-enough’ or ‘Copacetic’ quality at a
low price, accepting low-profit.

O New-market disruption: when the ventures
Create a new segment in an existing market
and progress to high-end market, gradually
pushing the incumbent products outmoded.

We will talk about those. So, first we will go to the disruption issue that as we said that there
are two kinds of disruption one is the low end disruption which is our current focus one when
a venture enters at the low end of the market offering products with good enough quality good

enough means which satisfies the need it may not be the best.

Because best may need enough you know a cash outlay. For example, if I have to travel and
stay in a hotel, I need not be in a seven star hotel all the time. I may be a stay in a place which
1s economic it may be a budget hotel. So, also you have seen the airlines now no (Refer Time:

06:24) just a just for cost of flying no foods nothing all are to be purchased.

So, those are the models that those are frugal models. Now, this good enough quality which

we call copacetic this is actually our term that we have used. In fact, to we have better



publication with this term which is coming up in a book being published by Springer. So,

here the quality at a low price and accepting low profit.

But then that though it is a low profit per unit, but since this demand will be more because of
it is affordable then it will be made up from the volume. And new market disruption is when
ventures created new segment in existing market that also is possible and then they grow into

this.

So, one thing I would like to tell you many people somehow talk about frugal engineering I
mean other terminologies they are used also frugal innovation frugal design those are fine.
There were some people say a call it Jugaad innovation which we actually do not think it is
fitting because it actually conveys the message of poor connotation about quality and most

importantly it is not sustainable.

So, if something is not sustainable, we will not discuss. So, Jugaad is not our scope and we
will not discuss and if and when we are saying frugal, we are not by any chance meaning it
Jugaad. 1 am clarifying at the beginning because in literature we will see that plenty of

references like this, but for our requirement and purpose we simply will not touch it.

These spacecraft which has gone to mars it cannot be sent with a Jugaad method or mentality

it is actually frugally done with systematic engineering for cost reduction, alright.
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* Frugal innovation aims at discreet removal of non-vital Frugal Engineering’ the ‘term’ was coined
features (‘de-featuring’), from products and thereby (2006) by Carlos Ghasn, CEO of Renault-Nissan,
reducing cost without compromising quality. referencing it as the process of designing and

developing the world’s cheapest car (TATA-
"t is an approach to product development which Nano), for the lower-strata of the economic
scrutinizes  the wastefulness of over-engineered pyramid in India.
products and is about making things for better value

recognition using fewer resources. Western companies began using Tata Motors’
strategy (Andrea Bencsik et al., 2016), facing the

= With the dictum for ‘good enough’ or ‘Copacetic’ challenges with the traditional business strategy

quality or optimized product performance, with value- for R&D.

sensitive design, this consequently increases demands

as well.

* |ncrease in demand works for economies of scale that
is favorable for high volume and revenue even with low
price points with slim profit margin.

» The Demand-volume
(Market-Size) ~ needs
assessment and credit.

So, then we move on to the frugal engineering term actually the term was coined by Carlos
Ghosn who got inspiration from the design of the car TATA Nano and he coined the term that
frugal engineering Andrea Bencsik though over a this TATA Nano perhaps has not done very

well.

But then the the idea is that philosophy that principle or precepts are actually have become a
very important and those are being practiced by other auto manufacturers and it has been
reported by Andrea Bencsik in one of these articles in 2016. And so, the Western R and D

model is being reviewed by and this kind of approach is being considered.

Here let me tell you when we are saying cost reduction it is just not simply doing something
which should be done, but we are not doing it is not arbitrary cost production. So, it is there is

the purpose is that that it is actually defeaturing or removing the non-vital features because in



products often we find that a particularly the western world when then new products are
launch declaim that ok, we are adding this feature the cost is up and all that, but then that

those becomes expensive models, but then new features are coming.

But many of the features are not used. We used as a car here or in many parts of the world
which can run at 200 kilometers per hour, but that is the design that has been made people are
buying that car, but no one is running. Do you think in our most of the in most of the

countries road condition is that it can be used no.

So, defeaturing is important and by defeaturing by actually focusing on the core features
which are essential features a vital features, if we focus on that and only attend to that and
address them then the cost drastically goes down. So, that is the objective, but under no
circumstances it means that though it is become being made cheaper the quality is being
compromised no rather it may be that since we are reducing the number of features

complexity is being reduced and then its performance is going up.

So, quality or reliability is going up that also is possible. However, I mean if for a say a 50
percent reduction in cost if say 5 percent qualities or reliabilities compromised maybe a group
of people still would accept that. So, here the idea is that increase in demand because of this
affordability advantage would increase the a number and that will bring economies of scale

and that is what is the you know important.

By the way I would tell you the Carlos Ghosn I say the Carlos Ghosn was the chief executive
officer of Renault Nissan which is the leading auto manufacturing company in the world. So,
what we need now you know when we are talking all these, we need to understand ok fine I
mean we are talking about volume etcetera, but how much is the volume? Why is the market

do we have that much of volume? Do we have so much of demand that is the question.
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Marvel or ‘Best Fit': @ Intersection of ‘Design’, ‘Technology’, ‘Business’ and ‘Market’

Frugal Products: Simpler
designs without supererogatory

(over engineered) features.
Technology

Marvel Occurs

How big is the '‘Market' for Frugal Products?

Business/ Market/ Customers

Enterprise ‘Market-Size' and ‘Trend' has

influence on the success of a
product venture

So, let us examine them now whether there is a demand or not, but before we proceed to that.
So, we are talking about when you are talking about demand we are talking about the market.
So, here before moving on to the exact demand analysis or finding we would just like to
touch on this because as we know that design technology and of course, the business the

entrepreneurs we are talking about as I said how we big is the market for frugal products.

So, because the market is a component when these four intersects, four aspect intersects then
the magic happens, then they you know real you know gain happens the best fit happens. So,
as you can see the intersection as which is to be produced without supererogatory or

over-engineered features and that is where the marvel occurs.

Now, so if that is the case, we have to examine the market what is the market, how big is the

market as we have just now started discussing. So, we so here we see that design technology



market so, we will have to touch we said that we will talk about the frugal engineering the

technology aspect the design frugal design aspect. So, we will discuss them.

(Refer Slide Time: 14:00)

A market where affordability matters: Contextual for Frugal Engineering and Innovation

A Report: According to the Consulting firm, PWC, Enterprises are challenged, in this

market, typified by new value

O The ‘Global Emerging Middle’ a class of consumers that propositions needing new ways of
define a critical growth horizon for companies over the thinking (Quality and Affordability)

coming decade. - Quality is the fulcrum).

O Termed as the ‘Next 4 Billion’ in countries like India, China, Innovations / products developed in
Indonesia, Africa and Latin America (Low-income countries: 4 ace countries can be exported to
emerging economies) where over 4 billion people lives, based  wegtern countries (Reverse Innovation,
on data when world population was 7 billion (8 billion now). RI).

O Ifthe next lowest bracket is considered, it crosses 5 bn.

O A market of USD 6 Trillion, annually (excluding Reverse
Innovation market).

Now, quickly I mean now about the market as I said the market is that it a the emerging
economy countries total if you put together world is having a customer based of say more

than 5 billion imagine out of a current world population of § billion.

And this was this is based on a survey done few years back by PWC in at that time when the
population was about 7 billion it was found that that the middle was 4 billion and you just if
we take one more billion at the lower end. So, 5 billion so, it is a large volume of customer.

So, if we can do something here then there is no draft of business.



In fact, the western companies are actually trying to target this market and if I will give you
quickly several examples where you will find particularly the world-class companies the
world leaders are actually entering into this area of business this frugal products and to

capture this market to capture this big market.

Now, so, here so, the affordability as I said is important, but also, we would not lose sight on
the quality because quality is the fulcrum and we have just touch upon the reverse innovation

part if we consider that then the market can be even more insights, alright.

(Refer Slide Time: 15:47)

Reverse Innovation (RI) vs. Frugal Innovation (Fl): A conceptual framework

Macro-level drivers Need-based problem-
(Country/ Regional) solving ideation’  and

e ‘Frugal Engineering' - the
two key tenets of frugal
innovation and the basic
building blocks in the
(Individual Consumer) Developed Markets conceptual framework

_relating Fland RI.

Reverse
Innovation

Micro-level drivers

S S S T T |

Emerging Economy Markets

(FI may become RI)

Macro-level drivers

(Country/ Regional) Frugal

Engincering

Indigenous-Need-based
Ideation

Frugal
Innovation

Micro-level drivers
Individual Consumer

ila et al. (2015

So, quickly our coverage on a reverse innovation as I have already said that reverse
innovation happens when the from emerging economy it goes to developed markets and this

frugal innovation goes into the developed markets. And the it is to understand that frugal



innovation is rooted in two things one is the frugal engineering that methodology that we will

be discussing.

And also, the local need that indigenous need based ideation then how the we have related
design thinking how the empathy for that need is important how it is addressed. So, the
indigenous need-based ideation and frugal engineering these two creates frugal innovation

and that some of those innovations goes into the reverse innovation.

Maybe with some additional of one or two more features may not be all can be can (Refer
Time: 16:50) for reverse innovation to suits the you know requirement of those advanced
countries and on the left side you find that micro level, macro level etcetera which means the

national level or regional level economy vis-a-vis individuals capacity.

So, that happens in both this thing economies both in emerging economies as well as
developed market which influences this frugal engineering and needs etcetera which we can
see here. We need not read much into this because we have already understood what reverse

engineering reverse innovation is that is what is the (Refer Time: 17:26)

So, our focus is that we if we can do a good frugal engineering job and develop a good frugal
product then there is a scope of reverse innovation that is export. Basically, that export brings
foreign currency that is important that you and also it would make many import substitution if

you very carefully look at it.

And that is what is today's India's need and the Atmanirbhar Bharat that we are talking about
actually we will come from this efforts. So, a frugal innovation frugal engineering and
through that if we can reach reverse innovation and all it is route to Atmanirbhar Bharat or

Self Reliant India, alright.
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Frugal Design (FD) Thinking: Features integral to FD Approach

0 Affordable: Price Point and Total Cost of Ownership

0 Manufacturable: Easy to manufacture and cost economically

Affordable 0 User Centric: Easy and simple to operate and user-friendly

Functional
Frugal O Functional: Performance Reliability and Quality
Design

Approach

Manufacturable Sustainable 0 Local: Indigenously sourced for containing cost

0 Sustainable: Economical, socially relevant, and Eco-Friendly.

User Centric
According to Peter Loscher, CEQ of Siemens,

“Scarcity of resources is not an impediment
but an enabler (of innovation).”
as reported by N. Radjou.

Source: Sustainable Frugal Design Using 3D Printing, |. Gibson and A.Shukla,
Environmental Footprints and Eco-design of Products and Processes, Handbook of Sustainabilty in Additive Manufacturing Vol 2,
Springer, Series editor, $ § Muthu (2016)

So, here very quickly we would see that the frugal design thinking has the features which are
very easily understandable. I will not go into the detail and they are affordable which means a
price point is low, cost of ownership is low. We will go into the detail of the some.

Manufacturable which is easy to manufacture and cost economically it can be manufactured.

User centric you remember that we did in design thinking which is user-friendly functional,
the functional means its performance should be good reliable and good quality functions.
Indigenously it should be source. So, if something is not imported or brought from elsewhere

it can be locally made with local resources it is always cheaper.

So, local and finally, sustainable that it should be socially relevant it should be economical
and it should be eco-friendly it is not that we are making something cheap therefore, it would

pollute the environment it would create more emission or it would do certain you know



affluent generation. So, that is not what is intended. So, these are the aspects that we have to

keep in mind in the frugal design approach.

(Refer Slide Time: 19:37)

Frugal Engineering (FE) spans the entire design space: Low-end to High-end)

(Focus of this discourse: Commerciall Industrial Frugal Products/ Systems) e oo High-

tech like, artificial

o " A " intelligence or loT, with

% Frugal Engineering practice and Frugal Innovation approach spreads tandard and existi
across High-Tech to conventional-tech domain. e I
ones to create Frugal

Products and also

* From Space Craft (MoM) to small Refrigerator (Godrej, Chotukool), ~ adopts Bricolage

which (creation from a diverse
is electrical battery operated where electricity is not regularly ~ range of  available

available. things) approach.

" Designing Car (Nano, Kwid or Logan) to incubator for infants

(Stanford)
*  From Electrocardiogram Machine to Ultrasonic Scanner (GE)

" For X-Ray machine (Siemens) to Prosthetic Limb (Jaipur Foot)
Examples and lllustrations follow.....

Well, here it is nothing but the least of certain examples. So, here I mean what basically in
this slide I am going to tell you is that frugal design space is I mean very wide I mean starting
from pen to write with or pencil to write with to aeroplane or to ship or to even spacecraft all

are coming under the purview of this frugal engineering.

I tell you why. So, here that is the list say from spacecraft to small refrigerator. So, from say
car now we are talking about car Nano principle is now used by Kwid or Logan to cost
reductions from the car to incubators for infants from electrocardiogram to a scanners

ultrasonic scanner for X-ray machine to Prosthetic Limb all everywhere the frugal



engineering principle design principles can be used also in modern cases with a frugal

innovation is possible with IoT or artificial intelligence which saves cost and time.

Well also there is a concept called bricolage which means not to invent new things, but there
are many things which you can assemble and assimilate usually give a very useful product.
So, you remember we were talking about the design revenue innovation. So, in the course of
design revenue innovation this particular aspect will be highlighted which talks about that
how just not going chasing technology how by doing design good design this good product

can be realized.
(Refer Slide Time: 21:40)

Examples: Innovative Frugally Engineered products Cost Disruption

with drastic cost reduction while preserving value

Dtk

KAC400

okt

Med-Equipment, Agri-tractors, Automotives, Refrigerators etc $10Kvs $1000 @
eatheae

MAC 400 ECG Machine: General Electric, for
instance, has developed several healthcare
devices in emerging economy markets and
electrocardiogram is one such device.
Standard cardiograms are rather complex and
only trained cardiologists are able to use them,
while General Electric's frugal cardiogram
removed non-vital components and reduced
product-pracess complexity ~significantly by
substituting locally available materials, such as,
printers used in local bus terminals and off-
the-self components.

Fig.: Credit: Oxford

Now, I move as I said I am moving onto, but I will not spend any time on this because it is
basically intended for you to look at later to look at the examples because there are many

examples at present, but in shorter what I will tell you is a all frugal because say for example,



instead of computer they are using for this electrocardiogram machine by general electric they

are using printer which is used for bus ticket printing [ am giving one example.

So, they have been able to reduce the cost by 10 times which original cost was 10,000 dollar
is now as 1,000 dollar and it is being used in several rural and semi urban areas in India

which was developed here.

I will just keep on telling the examples details you may study, but this is to give you the idea
of what frugal engineering is examples that is all I mean I cannot go into all the detail here;
obviously, you do not expect that and that is not the purpose of today's discussion examples

are many 1000s.
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Tractor for Agri-farming: developed with Affordability (Frugal) Engineering

Global Tractors Market

CAGR
2017 - 2026
XX

Small Diesel engine operated tractor, ‘KrishiShakt’ enabling farm
mechanization in an affordable manner has been developed by CSIR -
CMERI (Central Mechanical Engineering Research Institute). This low-cost,
compact and easily manoeuvrable tractor, is well suited for small size
lands, and is for farming and transportation. Fig: Credit: Global Traclors Market




So, I am giving you some of the examples like said here is a tractor which is very low cost
tractor cost 2 lakhs rupees which has been developed by CMERI Central Mechanical
Engineering Research Institute which is CSIR organization and that is used for that is called
‘KrishiShakti’ and that is used for the you know agricultural purpose and for farming as well

as transporting etcetera.

(Refer Slide Time: 23:18)

Siemens Multix Select DR (X-Ray Machine)

0 At one-third the price
within -~ the  product-
portfolio.

0 Due to cost pressures and
competition,  healthcare
providers look for budget-
friendly solution for good-
quality general
radiography.

* Floor-mounted (low-cost room setup) digital X-ray machine with high
level clinical flexibility.
= Excellent image quality, achieved by selecting from best technologies.

= Financial flexibility that offers expert solutions for general radiography
in an economical way.

I am just giving you the examples just see what is the you know scope and (Refer Time:
23:23) see here the Siemens multix d r X-ray machine what they have done is earlier if you

had noticed that the X-ray rooms were having huge structure beams and all.

So, the cost of infrastructure was really very high instead what they did was a you know floor

mounted device which reduce the cost to a great extent and the digital X-ray machine with



high level clinical flexibility it is possible excellent image quality and the cost is drastically

reduced it is actually one third the total cost if you look at.

(Refer Slide Time: 24:08)

Fetal Heart Monitor (FHM) and Frugal SMART products from Siemens

Q0 Siemens, through its R&D centres in u e s
emerging economies (India and China) e
is developing frugal solutions for delivering
better value to consumers.

O Indian R&D centre, in collaboration with
their German counterparts have
developed a FHM,  designed with
microphone instead of ultrasound
technology, as the latter is expensive.

US $200 bn global market for SMART portfolio of Siemens:

SMART: Simple, Maintenance-friendly, Affordable, Reliable, and
Timely-to-market

Cost disruption by using
Microphone  technology
instead of ultrasound
technology

Products are 50% cheaper than conventional high-end solutions.

So, imagine I mean I am giving certain examples of frugal engineered products one is the
fetal heart monitor which is also by Siemens and by the way I mean I would like to tell you
that just for Siemens they assess that for their this fugal category product as a market of 200
US billion US dollar. I mean they call it smart in the sense that it is simple maintenance

friendly affordable reliable and timely to market they call it smart.

So, look at the portfolio how big the market is. So, if anyone is trying to do it here. So, that
would certainly (Refer Time: 24:48) a lot and that reduce the cost to half 50 percent is the

cost. So, it is a cost disruption in the fetal heart monitor where they are using microphones



say for example, instead of ultrasound technology. So, just by using the available technology

which is much cheaper much inexpensive the cost has been reduced drastically.

(Refer Slide Time: 25:16)

Jaipur Leg/ Jaipur Foot

% A low cost prosthetic ‘Jaipur leg' developed in India,
costs only about $150 to produce, that embodies
improvisations by adapting irrigation piping into the
design to reduce cost.

% This is one-tenth the cost of high-end one. | e

Dr. PK Sethi and Master Ram Chandra Sharma
Inventors of the Jaipur Foot

In coming to the prosthetics here you see that perhaps you all have heard about Jaipur leg or
Jaipur foot which is to use prosthetics on the left side you see that young boy is has lost his
leg and therefore, he is using this prosthetic and possibly you may recognize the lady who is

in the middle who is a very famous dancer, but she dances with wooden leg.

Sudha Chandran if you remember her and see the quality of the prosthetic is so good that one
can dance using that prosthetic leg. So, this is one great example. The credit goes to Dr. Sethi
and Master Ram Chandra Sharma who actually developed this and that has changed that has

created a revolution in prosthetics that is absolutely wonderful fascinating.



(Refer Slide Time: 26:23)

Infant Warmer/ Incubator designed @ Stanford University

O Embrace’, designed at
Stanford University (USA),
where a team of graduate
students conceptualised for
creating an low-cost infant
warmer, to be used as
incubator, that functions as
a low-tech device.

O The technology is associated with a phase-change-material, a wax like
substance, which on melting, can maintain a constant temperature of 98
degrees Fahrenheit for nearly eight hours at a stretch. This substance pouch
can be reheated thousands of times.

You study those details. Now, babies are in particularly developed developing countries are
suffering from different many inadequacies that they do not have good incubators and all. So,

if there are not good incubators how to make them work and how the babies would survive.

Embrace had the name of the product that came up came out at Stanford which is a infant
warmer which uses a kind of a wax kind of a material which is a basically it is a an phase
change material that we use and when it melts then it can hold the temperature for pretty long
time maybe for 8 hours or so and the temperature can be reached let say 98 degree Fahrenheit.
So, in that the babies can survive. So, these are low cost development, but that is immensely

impactful it has huge impact.
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X-ray machine, Zhongxing Medical, China

Principle adopted: BORROW and REUSE

Innovation: By Re-engineering an underused technology (in an
aerospace company in Beijing) that builds equipment

U Problem Focus: A trade-off was considered to achieve this; rather
than designing the equipment for wide range of intricate scans, it
focused only on to perform the chest scans, which is maximal

Priced (USD) at only

among scanning requirement. Understanding the basic needs of its 520K compared to
target customers (hospitals), as well as their limitation to afford an  ¢150« models of GE
all-purpose X-ray machine, the product has been engineered. and Philips.

O Solution/ Technology: The company designed a ‘digital direct X-ray Fig: Credt: Source

(DDX)’ system on ‘line-scanning’ technology that was available with
its parent company é’ eijing Aerospace), which was regarded as
obsolete by GE and Philips, the two majorsuppllers atthat time.

O Result (Market): This newly developed machine captured half of the
China’s X-ray market compelling GE to cut prices by half and
Philips to exit.

You can see I mean these are certain examples this is another example of a Chinese X-ray
machine. What is the example is that? See a an a good I mean a full fledged X-ray machine
will have the capability do all kinds of X-rays. But they found that that majority of the X-rays

are chest X-rays.

So, at least for chest X-rays they could found find out a cheaper solution how they had you
know technology available with the parent company which is an aerospace manufacturing
company they there that was under used was not much used they took that and they use it for

X-ray development X-ray machine development purpose.



So, it is a digital direct X-ray system online scanning. So, they have developed this, but it can
do only chest X-ray, but the cost you see that it is it has become 20,000 dollar and the a
Siemens and the Philips and the general electric cost used to be 150,000 dollar.

So, their focus was problem that what is exactly the problem that is the chest X-rays is the
maximal one solution of technology that they used cheap available technology they did not
even go for a high and sophisticate technology and the result is that they could capture 50
percent of the market in that domain and GE General Electric had to cut down its price to half

and Philips simply left that competition they could not survive.

(Refer Slide Time: 29:24)

TATA Nano: One of the most referred frugal engineering outcomes is the world’s cheapest car

» Rear mounted engine: 2-cylinder petrol engine (Bosch) lightweight than to 4-cylinder engines.

» Continuous variable transmission: Uses CVT, alternative to manual or automatic transmission.
» Limited Instruments: Analog speedometer, odometer and fuel gauge.

» Low-Cost wheel bearings: The bearings are designed sufficient for moderate speed.

» Windshield wiper: Used a single windshield wiper.

» Tyer: Smaller with lesser no of lugs in Wheel assembly

» Lightweighting: Extensive use of plastic for parts without compromising safety.

» Reduction in components: NO power steering, air conditioning, emissions control, antilock
brakes, air bags, safety beams or radio.

The aim of the design features
presented is to lessen complexity of
procurement and production processes
and considerably lowering of costs.

Fig: Credit: Tata Motor

TATA Nano, I do not want to go into further detail perhaps you all know the story of TATA
Nano being in India, but then I have just jotted down many things what the TATA Nano

features are where say for example, they have used one wiper instead of two the two cylinder



petrol engine instead of four say no power steering or air conditioning no anti-lock brakes not

airbags.

So, by that the common people could afford. Now that the principle I am again telling you
those TATA Nano has not prospered for different reasons, but new variants are coming, but
the philosophy is traveling worldwide. I have already referred that this is this has been said

that the Kwid and Logan and many car companies are using that concept and precepts.

(Refer Slide Time: 30:30)

All-terrain Wheel chair for rural India: with Affordability Engineering

India is where Prof. Amos Winter of MIT
developed an all-terrain wheelchair, and this
place acts as a real-world laboratory for him.
Here, the consumer earnings are less, has a
different culture, and hence he aims to capture
the concerning factors and combine it with the
engineering precepts to create low-cost, high-
impact technologies at the Global Engineering
Research Lab (GEAR) of  MIT

(htps:/www.fastcompany.com)

Here I would still I like to present one more example which is the Professor Amos Winter of
MIT he comes to India on regular basis and the Global Engineering Research Lab GEAR is
working on this which is creating all-terrain wheelchair for Indian people. So, this is very

important problem that he is trying to solve because the rural roads and are not very even and



good. So, if it can travel you know in all conditions that would be very helpful for people you

can look at the picture how in rural India that is being tried under.

(Refer Slide Time: 31:16)

A couple of other examples from Indian companies

+ Aakash Internet Tablet: Developed by ‘Datawind’ for
Indian government to provide low-cost computational
tablets for students in India.

‘ ' . %+ ChotuKool fridge: A small
CAITIADOL FROGE: & refrigerator  'ChotuKool', sold by
Godrej Ltd.(India) that shares more
commonality with cooling system used
for ~ computers  unlike  other
refrigerators;

« the traditional compressor is removed

ﬁlﬂ*ﬁ i AU f
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Figs: Credit: Source

So, this is and they are just quickly two more Indian example one is Chotukool that that every
refrigerator which does not require any compressor it works with a fan that fan is used in a
computer and that that cools that this through evaporation and all. You see that lady is

carrying that refrigerator on her head. So, you can understand how small it is.

So, that is one example and it is of the purpose I mean it is his it can keep that thing for say
maybe a couple of days which is absolutely necessary for just saving fruit and other things
otherwise it would be food waste. Aakash tablet many of you already know that it is a low
cost tablet that was created in India by a company called Datawind and provided by

government of India which actually help many students.



(Refer Slide Time: 32:10)

Unique Value Proposition (UVP) in Frugal Design and Engineering

++ Value Driven: Minimal upfront price (on Feature Optimal Target Cost)

with performance reliability and durability ‘Affordable Excellence’

results from its Unique

%+ Total Cost of Possession: Price + Maintenance + Operational Value Proposition (UVP)

Consumption + cost to achieve eco-friendliness (Green/ Eco-design)

++ Optimised Performance with Robustness: Can perform under high
variation of working condition

¢ Complexity reduction for ‘User friendliness’: Elegant Simplicity

++ Economies of Scale: High Demand, High volume production, Mass-
Customisation, High Revenue (even with slim profit margin).

Now coming to the value proposition. These are the main or core things that we will be
discussing and as a designer this is the thing that one should focus on. It is that it should be
value driven that is; that means, first is the upfront pay the price will be low, but the price
also is low and then also the total cost of possession also is low or the total cost of ownership
also it is called that is the price plus maintenance and repair plus consumption if whatever say

it may be fuel it may be electricity.

So, all these throw their life cycle that cost would be less and also it should be eco friendly
because if it creates a emission. So, that also involve certain cost of removing (Refer Time:
33:00) and all. Optimized performance with robustness this is very important because in our

kind of economy and country where there are huge variation power cuts are happening



voltage fluctuations happening temperature variation from one place to another is extreme

dust etcetera is there.

So, it in spite of all these it should work. So, that is one thing. Complexity reduction is
important too much of complex let us say remote buttons. So, there was no many buttons
people most of them do not know which button works for what. So, the simplicity if can be

introduced it will be very useful.

So, and that is called elegant simplicity it should aesthetically be good, but it should be user
friendly and elegant simplicity. And finally, as I said economies of scale because of the
demand will go up and from that the revenue and the return and profit will come affordable

excellence results from the unique value proposition.

(Refer Slide Time: 34:04)

Frugal Design Features and examples:

% Cost/Price: In auto industry, it is not just the low-price but also the
consideration for fuel mileage, low maintenance/ repair costs in a price-
sensitive segments of small cars. For a fan or fridge, power consumption and
maintenance cost is important, besides the price-point.

+ Robustness: Products need to withstand voltage fluctuations, abrupt power-
cuts, dusty environment, and extreme temperatures etc..

% User friendliness: Potential buyers may not have prior experience of using
similar products. Not to therefore presume a significant level of familiarity on
the consumer side in designing the products. Frugal products, therefore, need
to be easy-to-use and fault-resistant.

« Feature-optimised Target Cost based: This is for Economies of Scale; thin
profit margins are associated with frugal products necessitate access to
voluminous business to reduce unit cost of development and production.



I would skip this slide much because all those things I have already explained and it is written
there the in detail as I have already told you those things, I have explained those are all
written here like say fuel and maintenance and all those things are written. So, you read that
in your accordingly let us say for example, fan or refrigerator that consumes electricity car

consumes fuel and so on and so forth.

(Refer Slide Time: 34:36)

Tools for Frugal Engineering:

Whatever serves the purpose for creating Frugally Engineered Product can be used as tools,
however, there are some in Product Engineering that are specially pertinent:

» VALUE ENGINEERING: FAST Diagram : Module-02, Lecture-10,
Slide No.-07 to 15

» DFM and DFMA: Module-086, Lecture-28, Slide No.07 to 19
» FMEA: Discussed in Module-06, Lecture-30, Slide No.07 -12

» TRIZ METHOD: (briefly addressed) Module-01, Lecture-05, Slide
No.-07 [Quick familiarisation follows]

» REVERSE ENGINEERING: [Quick familiarisation follows;

So, we will go to the almost towards the end that says that what are the therefore, tools we
should use to do this. There are certain tools which are very useful outer many tools of
product engineering one is the value engineering the fast diagram mostly which I have we

have already been discussed in module 2 in lecture number 10.

If you look at the slide number 7 to 15 you will find the discussion on value engineering. So, |

am not repeating it here. Similarly design for manufacturing or design for manufacturing in



assembly this say this was discussed in module 6 lecture number 27 slide number 7 to 19
Failure Mode and Effects Analysis FMEA that was discussed in module 6 lecture 30 slide

number 7 to 12.

There are two other important tools which are called TRIZ method though briefly it was start
in module 1, but a quick familiarization is required I will just do that shortly. And also
another tool called reverse engineering not reverse innovation earlier I has spoken about
reverse innovation which is a different thing reverse engineering is another thing I which I
will explain do not confuse between reverse innovation and reverse engineering these are two

different things.

And quickly so, we will nearly complete with these two tools this is, but that would be just a
glance right now we because there are you can understand each tool discussing each tool you
take a huge long time and that may be a course. So, if needed you can learn that later and, but
here the job is to my job is to tell you I thought that is important to you to know as a designer,
as an engineer if you want to use it where to go what kind of things you need and where it is

available and how can it be used and what is the application.



(Refer Slide Time: 36:33)
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So, with that idea I am keeping the TRIZ method the first is you see that the concept is that if
you have a problem there is a solution in practically a large number of cases someone some
somebody has already solve it may not be for exactly your problem, but for some other
problem, but you can use that solution for your problem that is a beautiful observation by

(Refer Time: 37:07)

So, here the idea is that. So, so it is not if you have a problem here you see the first diagram if
you see inventive problem and solution. So, it is trial and error no trial and error what rather
can be done is to make it economic that inventive problem can be converted to a TRIZ

problem; that means, to a general problem from a specific problem to a general problem.

And for a general problem there were too many problems general problem means there may

be similar many problems and there are many solutions. So, one of those problems will have



some kind of a solution and out of those solutions you can pick up your solution. So, what I
am saying is from a specific problem you are going to a host of problems which you have
called general problem or a host of large number of problems and from similar problem

similar problems.

So, and the how the similar problems has been solved and one of those solutions may be
useful for you that is the methodology of TRIZ which has gained huge popularity. And here I
am not going into the details now, but there is a thing called contradiction that is very
important say contradiction means if [ want to if [ want to say for example, increase strength

of a material of a component then its length or diameter is to increase.

So, when I am trying to do some good here some worse is happening elsewhere weight is
increasing or volume is increasing or material consumption is increasing. So, there is a
contradiction matrix which is on the top right I am just showing you the glimpse that is why I
have written at a glance I am no I have I am no way telling you that we are discussing in
detail I am just giving the impression what it works because whenever you need you can now

go back to find out where to use how to use.

Now, here there are 39 engineering parameters. Now the engineering parameters we Google
you will find there are 39 different engineering parameters and there are already established it
is already established solution 40 solutions are available. And so, here you see the idea is that
in the contradiction matrix you would find that inside boxes there are certain numbers written
what those numbers are those are the solution numbers. So, so solutions are provided 40

solutions provided in a serial number 1 to 40.

So, say if on the first row if we see the third column 15 8 29 34 it means weight of moving
object if we try to improve what worsens is the length of moving object. So, so if we try to
reduce something increases. So, so, 15 8 29 and 34; that means, these are the serial numbers
of the solution which through which the problem can be solved. So, it is a systematic problem

solving approach.



At this stage I will not go beyond this because this contradiction on the left side you would
see that this is a technical contradiction and physical contradiction say something to be
increased to do that, but then if it increases then it is actually to be shortened. So, it is a
length. So, physically it is creating a contradiction. So, at this stage I think it is not to be
explored any further unless you come across a problem otherwise many one TRIZ there are

several discourses maybe there are many lectures on discourses on TRIZ itself.

(Refer Slide Time: 41:26)

Reverse Engineering Method
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So, and also reverse engineering itself. So, I would rather touch upon this concepts and move
on. So, reverse engineering is what? What is forward engineering? Forward engineering is
that we create a concept as we were discussing from that we go to the you know prototype,

development and then product.



Reverse engineering says that no already a product is available say this mouse is available this
mouse is available. So, I want to create a mouse. So, how do I create if I can reverse engineer
this, I can come to the diagram of this today I do not have the drawing of this I do not have
the drawing of the mouse, but this mouse if I do a reverse engineering say using a laser
scanning system and if I can capture that cloud data and through that system that is available

here.

So, if we can capture and put it and as a CAD drawing. So, from the product we go back to
the drawing and the purpose is just not to do a copy the purpose is if we do not if we want to
save time quickly develop something already if something is available in the market
competitors do that. So, pick up something look at what is a (Refer Time: 42:43) and, but

then try to improve a product that is the most important thing which is called reengineering.

Reengineering is very important that just not copying copy it go from the product to the
drawing then improve and that is exactly what is shown here on the diagram on the left you
would see the physical model that the objective object that I was showing as mouse. The
physical object is digitized by the Coordinate Measuring Machine CMM which is a laser
based or optical based, but it can be tactile it may be you know non tactile both type it can

touch and or say for laser it does not have to touch.

And. so, it goes into the data analysis and processing system and here I was talking about the
design and modify on that you make the modification that whatever the drawing finally,
comes out from the product from the product we are going back to the drawing. It is just
reverse you see from normally we go from drawing to the product, but here we are going to

the drawing from the product.

And then after doing the reengineering modification improvement and all we again send back
to the system for manufacturing that improved version which is the NC machine or CNC
machine as you know and then the prototype is created. So, it is just the reverse and it is a one

good way and all the countries who have progressed a lot in developing products be it Japan,



be it China you perhaps know that they did huge reverse

industries and many products they brought out.

(Refer Slide Time: 44:31)

ISRO’s Frugal MoM; Low-cost (80 Million USD)
Spacecraft, Mangalayaan, for Mars Orbiter
Mission (MoM) with an outlay of only 10 %,
compared to MAVEN, built by NASA. It is based
on Frugal Engineering, as it adopted available
technology as much as possible. The concept
was that instead of directly flying to Mars, the
vehicle would orbit the earth for about a month,
building up velocity to slingshot its wag out of
earth's gravitation to embark on its 400 million
kilometre journey. The quality and reliability has
not been compromised -
the Mangalyaan mission, which was initially
meant to last six months, has completed five
years of orbiting Mars and is likely to continue for
some more time.

engineering in their you know

So, I would conclude today’s discussion practically saying that this you see that it is the Mars

Orbiting Mission ISROs frugal MoM it is called frugal MoM Mars Orbiting Mission which

caused one tenth of the cost of maven created by NASA and what they did is that instead of

directly a screenshot from earth to mars they actually use to that technology of moving it

around the earth for about a month and then went there.

So, that a fuel consumption was less that was a technology I mean not going into detail of the

technology, but I am saying the concept and very interestingly that it was supposed to be there

only for 6 months, but trust me the quality is so good I mean quality also has to be good as |

am speaking now as we are discussing it is still up there orbiting around mars the quality is so



good and the report tells us that it will be there for some more time it is very fascinating. So,

it is a frugal engineer product through a Mangalyaan it is called.

(Refer Slide Time: 46:00)

This discourse deals with Innovation and Cost Disruption to create
affordable products based on the precepts of Frugal Engineering and
Innovation. It discusses the interaction of ‘Design’, "Technology’,
‘Business’, and ‘Market' for ideal ‘Fit. The aspect of Frugal Engineering
hased Reverse Innovation is also delineated, here. The discussion moves
to the Frugal Design aspects, including ‘Unique Value Proposition (UVP)'.
A number of examples have been presented for a comprehensive
understanding and close with a discussion on pertinent tools for Frugal
Engineering.

So, I would conclude saying that so we understand that this is a very important thing for
emerging economy markets this discourse deals with innovation and cost disruption create
affordable products based on precepts of frugal engineering and innovation it discusses the
interaction of design, technology, business, market for ideal fit the aspects of frugal

engineering based reverse innovation is also delineated here.

The discussion moves to the frugal design aspects I have for unique value proposition we
have discussed; a number of examples have been presented for a comprehensive

understanding and they we are closing close the discussion when the pertinent tools.



(Refer Slide Time: 46:45)

References

1. Product Engineering and Design Thinking Lecture Notes by Pranab K Dan and Prabir Sarkar.

And this is the reference. So, I am sure that you have been inspired and motivated with this
kind of a work that our countrymen require and also a huge population in the world requires
more than 5 billion and I am sure that you would be interested to work with them and this
discourse certainly would help you. With that hope I would hope that I would expect that

some of you at least will try a few things to develop a model or a product.

Thank you very much for your patient hearing and I am sure that you will do good with this.

Thank you very much.



