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Lecture - 45
Taguchi Method: Key Concepts

Hello friends, welcome to our journey on Six Sigma. And one by one, we are have trying
to appreciate the various concepts in detail. And I would like to remind you that we are
through with define, measure, analyze; and at present, we are discussing the improve
phase of six sigma cycle. As a power of improved phase, we have talked about design of
experiments, randomized complete blog design, factorial design, fractional factorial

design with its Minitab application.

And now today as a part of lecture 45, I want to discuss a very very important topic, and
very much useful methodology that is Taguchi method. I will discuss the key concepts in
this lecture. And subsequently in the next lecture, we will see some illustrative application

of this method.
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Cost is more important than quality
but quality Is the best way to reduce
cost.

2auoTes

So, let us appreciate that what is the concept of Taguchi or what is his ideology, and
basically it is Genichi Taguchi. So, cost is more important than quantity, but quality is the

best way to reduce cost ok. So, this is what Taguchi says, can you think what is the



importance of this statement, you may get an idea that cost is more important than the

quality fine. Sometimes we think like that, but quality is the best way to reduce cost.

Now, the logic is very simple. If you produce the product by employing your all
resources, processes, manpower, energy, material, and finally if this product is not
accepted by the customer, because of poor performance or too much deviation from the
targeted performance, that is what we try to address in this lecture. Then your product will

not be sold, you have to throw away, just sell it at a throwaway price, then there is a loss.

If you produce the product, which does not meet the desired specific essence, that is a
loss, because you will end up with the rework and rejection. So, the second part is really
true that quality is the best way to reduce cost. If you want to reduce any kind of cost,
rework, rejection, failure at the customer and or market or unsold product, then try to

address the quality, all other things will be taken care.
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Recap

O Fractional Factorial Design: Minitab Application

So, recap we had a detailed discussion on Minitab application for fractional factorial

design.
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Concepts Covered:

O Goal-Post Philosophy
O Taguchi Method
CONCEPTS COVERED

O Signal and Noise

O Taguchi’s Parameter Design Steps
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And now in this, I would like to focus on couple of important aspects of Taguchi,

experimental strategy that is goal-post philosophy, Taguchi method, signal and noise, and

then Taguchi’s parameter design steps.
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* Born in Japan, 1924
* Electrical Engineer

* Worked during 1950's to improve Japan’s post-WWII telephone
communication system

* Father of the “Taguchi Method” and “Robust Engineering”

So, let us see what is the contribution of Genichi Taguchi, he was born in Japan 1924,
basically an electrical engineer and worked during nineteen 1950’s to improve Japan’s
post-World War 2 telephone communication system. And he is the father of Taguchi

method, typically robust design. So, you all understand the meaning of robustness, less



sensitive to the other factors, external factors, and performs to the targeted value gives the
desirable performance. And this is something we call as robustness, so Taguchi emphasize
on robustness of the design, and that is where he brought his concept in the domain of

design of experiment.
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Quality Defined

+ “Any engineered system reaches its ‘ideal function” when all of its
applied energy (input) is transformed efficiently into creating desired
output energy.”

* Employee energy = input
* Customer satisfied = output

So, let us see, how he defines the quality, and what is it is understanding. So, any
engineered system reaches its ideal function, when all of its applied energy that is the
input is transformed efficiently into creating desired output energy. So, this is something
that ideal function means, if you input some energy or material or whatever, then this

needs to be efficiently transformed in creating the desired output.

Suppose, you take the example of automobile, then suppose your input energy is petrol,
then what is the efficiency, you get in terms of mileage. So, you have the input energy in a
typical system, maybe your employee energy, you may be your equipment machinery,

customer satisfied is the final output that is the expected desirable outcome.
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Quality Defined

“Quality is loss to the customer from the time a product /

service is shipped or rendered to the customer.” k.

v The loss a customer sustains can take many forms, but it is '
generally a loss of product function or properties.

¥ Other losses are time, pollution, noise etc.

Now, quality is defined in Taguchi’s language as loss to customer from the time a product
or service is shipped to or rendered to the customer. So, now just take the example, I am
giving this video to the student through an online mechanism. Now, by chance if the
recording quality is not good, then the final delivery will be affected, and you would not

be happy in understanding the concepts.

So, the moment we deviate from the targeted value, then our quality gets affected, and
that is where the loss to society is important. So, this is a very very important in beautiful
concept. The loss a customer sustained can make take many forms, but generally the laws
of product function or properties. And this could be in terms of time, money, pollution,

noise etcetera.

Today, we talk about sustainability. You download the product, but that has a very huge
impact on the environment, then the sustainability is damaged, and that is the loss to
society. You produce the product in which your products totally produced A grade
products are very less, B grade products are more, C grade products are too much, then
your conversion process is not affect you. And if this products are delivered to the market,

there is likely possibility, that they will not solve the intended purpose.



(Refer Slide Time: 06:45)

Taguchi on Quality
* Taguchi defines quality loss as:

“the loss imparted to society from the time o product is shipped”
* Taguchi is first to articulate that:
“No amount of inspection will ever improve the quality of o product.”

Quality must be “engineered in” since it cannot be “inspected out.”

So, loss imparted to society from the time of product is shipped, whether it creates the bad
performance, whether it is not convenient in use, whether it confuses my customer, it
damages the environment, and what not. So, all these is counted as loss to society, the

moment product is shipped to the customer.
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What are the contributions of Taguchi?

QQuality engineering philosophy: Target and loss function
UMethodology: System, parameter, tolerance design
QExperimental design: Use of orthogonal arrays

UAnalysis: Use signal to noise ratio (S/N ratio)

So, now what are the key contributions? So, philosophy is target is the best. And when

you deviate from the target, you need to look at the loss function. Methodology is system,



parameter, tolerance design. And typically, he has used the mathematical concept that is

the orthogonal arrays.

So, now here how to conduct the experimentation by considering the concept of
robustness, he tried to capture the randomness of conducting the experimentation by
adopting the concept of orthogonal array, which is a mathematical concept. And then he
developed a strategy by which you conduct the experimentation easily, by avoiding many

higher level interaction, which reduces your say size of the experimentation.

And you use the concept robustness concept delivered by Taguchi that is S by N ratio. So,
S stands for signal, N stands for noise. We should try to maximize this ratio signal to
noise, because noise is something, which makes the product less robust, and more

sensitive to some of the factors, under which the performance may deteriorated.
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Products have characteristics that describe their performance
relative to customer requirements or expectations.

Example:

Characteristics such as fuel economy of a car, the weight of a

package of breakfast cereal, the power losses of a home hot
water heater
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So, this is just a small example that characteristics such as fuel economy of a car as I said,

the weight of a package of breakfast cereal, you are purchasing. Let us say, you purchased
let us say cornflakes, now you paid for 500 gram. Usually, for your family you see that
you consume 500 gram in 10 days by taking some amount every day, now this time you
found that your cereal packet is just consumed in 7 days. So, you have a suspicion that
whether I consumed it more or now this packet has the less weight. So, you say that no, I

exactly consume the same quantity, it means the weightage of this particular cereal in the



packet is less that makes you dissatisfied power losses of a home hot water heater, so this

is again the loss of energy.
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Competitive Edge
Q"In the next century, the capability of developing robust technology

will be essential to the competitiveness of any manufacturing
enterprise.”

QSubstitute “robust services” and “robust manufacturing” You need

And likewise, there could be many examples where loss occurs. So, you cannot achieve
the competitiveness, unless you deliver the robust services and robust products, and this is

where the concept of Taguchi is useful.
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Robust

“The product performance must be immune
to the noise variable”

So, robustness as I mentioned, the product performance must be immune to the noise

variable. Just take your body, thousands of say viruses; they are welcoming us,



surrounding us. Now, I do not really have control to have any restriction on these viruses,
bacteria, maybe insects, what I can have is my own system immunity which make my
body robust, so that I do not get affected immediately. So, this is where the robustness
lies, and you need to make your system more immune, more robust rather than say too
much bothering about controlling the noise or the actual external factors, which are

beyond your control.
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Robust Design and Quality in the Product Development Process
/

So, this is typically what you can see here that you do the planning, then you have the
concept development that is robust concept and system design, then system level design
comes in picture. So, this is what you try to address at the system level. Then detailed
design, where robust parameter and tolerance design you take into account, then testing
and refinement production ramp-up. So, quality efforts are typically made here, when it is

too late.

So, please understand that this is where if you are really targeting, it is too late. So, again |
would repeat, you are taking a good quality, nutritional powder, you are taking fruits,
milk, you are taking chavanpras or some other kind of say good food. And you are
obviously, daily food schedule, this all makes you robust immune. And then you are doing
these, basically you are trying to address these at this stage early stage. The moment you

go here, it means now you are affected by let us say some viruses, you got viral fever



tuberculosis, you are going to the doctor, doctor will prescribe the medication and try to

control.

So, this is the too late stage, where you have to do rework or rejection in a typical system,
customer is visiting your restaurant. And suppose your delivery time is too high, now this
customer will not come again, will not show again, and then there is a total loss of
business. So, if you are trying to control at the later stage, the consequences are very high,

Taguchi says try to control at the design stage.
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/ Basic Ideas:

?'EUSTDM ER SATISFACTION

\/ %
#Design to the highest standards early in the process to \,/

eliminate all non-random errors
L]

/
pua\itv Loss = Loss to Society quantified through
/ ‘Quality Loss Function”

\//

#Variation (+/-) from optimal measure results in a loss.

So, this is what we basically try to do in the Taguchi philosophy, my objective is to ensure
the customer satisfactions arrived at the design stage. And lost to society that is the quality

loss function must be minimized.
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“_/ Design / Resources
4 = Expended on

. Quality

Service Delivered

So, with this let us see this, and what do you appreciate. Can you consolidate the learning,
which I just imparted? So, here you can very well see that dollar spend at the design stage,
dollar spend at the service delivery stage, dollar spend at the post service delivery huge
difference. You will spend one dollar at the design stage to correct and improve your

system, which is extremely immune.

Service delivery if you make the mistake, you will spend more dollar and post service
delivery huge. For example, we are many examples known; just say that you
manufactured a car. And now this car is let us say, after delivery is catching the fire. And
there are many incidences we know, I will not name the company, but let us say this car is

catching the fire, and your customer safety is at stake.

Now, there could be only two incidences out of one lakh car sold, but you cannot ignore.
And just see, what you need to do, you have to take entire lot back. And when you do so,
your post service delivery, cost is huge. Your brand is lost, future businesses affected, and

you have to take the entire production back, and you are totally lost.

You if you think about the service even, it s a total loss of the business, because you
cannot do anything, customer came to you, you are not satisfied through your delivery
service second stage, then your customer will never show his face, and there is a total loss
of business. So, please try to appreciate this diagram, which is extremely important. And

resources must be spanned, to ensure the quality right at the design stage.
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Customer Satisfaction
¢ Wa!S to measure service:

1. Returning customers
2. Number of complaints
3. Number of compliments |

4. Employee attitude

So, these are the symptoms that returning customer, number of complaint, number of

complete compliments, employee attitude, all this leads to the customer satisfaction.
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Quality Loss Concept

* Deviation from tar rget et results in_
Ioss
* Lower thantarget

I' Greater than target

So, typically quality loss function, you can see this figure. This is my target, where I want
to achieve my performance lower than target and greater than target, both are the losses. I

cannot afford to have this.
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Sony Television Example

/ Consider the
case of one
Sony TV
produced in
the US and
lapan at two
of Sony’s
 facilities

So, now just see this for 5 second, and tell me what do you appreciate. So, here you can
see two concepts; one is the US concept, other is the Japanese concept. What do you see
here, this is let us say my targeted value. And consider the case of Sony TV produce in the

US and Japan.

And similar kind of manufacturing facility they are using, now the Sony TV produce in
Japan has less variability, Sony TV produce in US is little bit of flatter curve has higher
variability. Here the values are more centric towards the target value or mean value, here
your values are spreaded. And what you will say, if I talk in terms of the quality, let us say
this is my E grade product, this is my B grade product, this is my C grade product, you
will see that in case of Sony TV produced in US, you are producing more B and C grade

product.

Now, the issue is that m plus 5, m minus 5, so this is what it is here A, B, C grade product.
Both the products are within specifications, so they are not actually rejected. So, you have
m plus 5 and m minus 5, let us says the specification limits. Both the products, they are
well within this specifications, but the grade of product is different. As you deviate from
the target, you are producing poor grade product, poor quality product, and then your
performance in long run or short term gets affected, which in turns leads to customer

dissatisfaction. So, I hope you appreciated this important concept.
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Goal Post Philosophy!

v A product may meet print specifications, but if the print does not
meet customer requirements, then true quality cannot be present.

¥ Customers buy TVs with the best picture, not ones that necessarily
meet specifications.
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Goal Post Philosophy!

v Batteries supply a voltage to a light bulb in a flashlight. There is some nominal
voltage, let us say 3 volts, that will provide the brightest light but will not burn out
the bulb prematurely

¥ Customers want the voltage to be as close to the nominal voltage as possible, but
battery manufacturers may be using a wider tolerance than allowed by the battery
specification.

v As a result, some flashlights burn dimly and other burn brightly but burn out the
bulbs prematurely

¥ Customer want the product close to nominal all the time, and producers want to
allow the product to vary to the limits of the specifications

) B2 (©)

So, there is a goal-post strategy.
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Goal Post v/s Taguchi View
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” Taguchi's approach: a quadratic
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+ This represents a pa\radigm shift in the way in which companies
measure the “goodness” of a product

And this goal-post strategy says that this is not acceptable, it means if you just say that I
am well within the specification limit, I am ok, it is a US approach, not acceptable
Japanese approach says that you need to be as close as possible to the target. And goal-

post strategy, this is the goal-post strategy which is not acceptable.
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The loss due to a product’s variation in
performance is proportional to the square
of the performance characteristic’s
deviation from target value.
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So, loss due to product’s variation performance is proportional to the square of the

performance characteristic deviation from the target value, and it is the last to society.
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Target-oriented quality
ylelds more product in
the “best” category
X__gool™
S Target-oriented quality
brings products toward

st

g target value
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il ) quality keeps product
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Once again, you can see through this picture that this is the best quality product time

producing, this is the good, this is the fair, this is the poor unacceptable. If you are

referring this, we just see you are producing more and more inferior kind of products.
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Taguchi’s Philosophy

¥ Quality Should be designed inta the product and not inspected into it

¥ Quality is best achieved by minimizing the deviation from the target

¥The cost of quality should be measured as a function of deviation from

the target/standard and the losses should be measured system - wide.

So, I just repeated a couple of things, so that you can appreciate the concept. So, Taguchi

philosophy, basically says that quality should be designed into the product and not

inspected into it later on.
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Taguchi Methods

* Help companies to perform the Quality Fix!
* Quality problems are due to Noises in the product or process system
* Noise is any undesirable effect that increases variability

* Conduct extensive Problem Analyses

* Employ Inter-disciplinary Teams

* Perform Designed Experimental Analyses

* Evaluate Experiments using ANOVA and Signal-to noise techniques

So, minimize the deviation from the target, and this helps the company to perform quality
fixes, reduces the say increases the immunity, reduces the variability, under the effect of

noise factors.
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Defining the Taguchi Approach -

* The Point Then Is To Produce Processes Or
Products The Are ROBUST AGAINST NOISES

* Don't spend the money to eliminate all noise, build
designs (product and process) that can perform as
desired - low variability - in the presence of noise!

* WE SAY:
ROBUSTNESS = HIGH QUALITY

So, this is what we have referred that the point then is to produce the robust design against

the noises and have an immune system.
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Classification of Factors

U pétrol Factors-Design factors that are to be set at optimal levels to improve quality
\ F,Jand reduce sensitivity to noise
+ Dimensions of parts, type of material, etc

+ Noise Factors-Factors that represent the noise that is expected in production or in
use
"/ + Dimensional variation
'+ Operating Temperature

-
*r,fﬁdjustment Factor - Affects the mean but not the variance of a response
Voo Beposition time in silicon wafer fabrication

+ Signal Factors - Set by the user to communicate desires of the user

/' Paosition of the gas pedal
\

Now, there are a couple of key terminologies that I would like to define. One is the
control factor, so this is typically the design factors that are to be set at optimal levels to
improve the quality and reduce the sensitivity to noise. So, it may be the dimension of
part type of material. There are noise factors, this particular factors, they represent the
noise that is expected in production or in use some dimensional variation, operating

temperature and so on.

There are adjustable factors, you can adjust this factors affect the mean, but not how the
variants of response affect, and deposition time in silicon wafer fabrication may be the
example. Signal factor set by user to communicate desires of the user, and producer of the

gas pedal may be the appropriate example of the signal factor.
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Robust Design

* NOISE - events that cause the design performance to deviate from its target values
* Taguchi divide NOISE into three categories
*  External Noise: variations in the environment where the product is used /
+ Deterioration Noise: wear and tear inside a specific unit \/
+ Internal Noise: deviation from target values \/‘
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So, have are now the noise. This is the key particular term that Taguchi tries to address,
noise means just remember analogous to the viruses you are exposed to, and you want to
improve your immunity. So, there could be say three kinds of categories external noise,
variations in the environment, where the product is used. Deterioration noise, so wear and
tear is taking place over a period of time and internal noise, when you are deviating from

the target value.
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So, these are the different examples of the noises, and you may encounter one or another.
So, now here I would like to give you the example of noise, and the control factors. Let us
try to see, suppose I consider the case of outer noise. And if I select the product design in
one column, and process design in other column, then what could be the outer noise?
Customers users condition is the outer noise in terms of product design, low temperature,
high temperature, temperature change, shock, vibration, and humidity. These are specific

to product design.

When 1 talked about the process design, ambient temperature, humidity, seasons,
operators, voltage change, batch to batch variation these are the outer noise, when you
talk about the process. So, you can make your process robust, you can make your product

robust through a concept of Taguchi.

There could be inner noise, deterioration of the parts, here entire may take place and that
may deteriorate. Say that deterioration of the material, oxidation. Here you can say
machine machinery aging, wear and tear, tool wear, deterioration process. Between
product noise, controllable factors you can just refer, so that you get the idea of when you
are talking about the optimization, robustness of the process, what could be the noise and
controllable factors. When you talk about the product, what could be the noise and

controllable factors?
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Product development stages where countermeasures
can be taken against sources of noise
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So, this example would have helped you to appreciate the concept. Now, just see that
there are various product development strategies, where countermeasures can be taken
against the source of noise. Let us try to see, product development stages. Suppose it is
the product design, can you control the source of noise from environmental variables yes,
product deterioration yes, manufacturing variation yes. At the product design stage, you

can control all three.

Suppose, you are talking about process design, you cannot control now environmental
variables, because process is set. You cannot control the product deterioration that is the
source of noise, manufacturing variation yes, you can control. Manufacturing you cannot
control the environmental, product deterioration yes, you can have some control over the
manufacturing variations. So, this is where you need to appreciate the product design is

the best way to apply the Taguchi concept of robust design.
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Taguchi’s Robust Design

O Robust design is employed in product and process design to improve
product manufacturability and reliability by making products insensitive
to environmental conditions and component variations

O The end result is a robust design, i.e.,

U a design that has minimum sensitivity to variations in uncontrollable factors

So, this is what we have seen minimum sensitivity to the variation in uncontrollable

factors.
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A Product’s Life

Usage Variation

Material & Manufacturing
Variations

Performance
Varlation

Product Configuration

Selected Values of Design
Variables
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This could be the product maybe you are using some testing equipment, and you have the
usage variation, you have material and manufacturing variation, and you have product
configuration, you have selected values of design variables, these are the controllable
factors. And finally, this will be reflected in your performance variation. If you are
deviating too much, then you need to address the control level, and noise factors right at

the design stage.

(Refer Slide Time: 24:33)

L e R

Design for Robustness

* Basic goal:
* Reduce variation in performance parameter due to variation in
noise by selecting the best set of design variable values
* Here, noise refers to both:
* Materials & manufacturing variations
+ Usage variation

So, designed for robustness is to minimize the variation because of noise.
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Taguchi’s Robust Design Method
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Taguchi advocates a 3 step, off-line
quality control method for product design
OFF-LINE CONTROL T T
um%“"m Step 1. System Design S /
* concept design and synthesis S
+ innovation and creativity i
", i ey
e Dea ep 2. Parameter Design \ \
* parameter sizing to ensure robustness to
o Tter Dt verigtions—__ -
,-":'-._'_— — _-:"\- —'_-‘-'::.
?(p 3. Tolerance Design )
T Sotmitation ( + establish product and process |
\ tolerances to minimize costs _~
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And these are the steps of my Taguchi’s robust designed method. First is step-1 that is the
system design concept design and synthesis, innovation and creativity. Step-2 parameter
design, parameters sizing to ensure robustness to variation. And 3rd is the tolerance
design, established product and process tolerances to minimize the cost. Remember this is

the best stage to apply the concept of Taguchi. As you advance from here to here to here,

your complexity increases.
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Defining the Taguchi Approach — SYSTEM DESIGN:

* All About Innovation - New |deas, Techniques,
Philosophies

* Application Of Science And Engineering
Knowledge
* Includes Selection Of:
* Materials
* Processes
+ Tentative Parameter Values



Now, system design as I mentioned, all about innovation, new ideas, techniques,
philosophy. And you can choose the material, process, parameter value that is less
sensitive to your noise factor, and can give you say better robustness of the product. So,
many say, you can see that automobile company or say two wheeler or four wheeler, they
are trying to make the reduce the weight of the product that is your automobile, so that
your mileage can be improved or they are using the aerodynamic shape. So, all this is the

innovation, and you can address at the system design stage.
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Defining the Taguchi Approach - Parameter Design:

* Tests For Levels Of Parameter Values

]
* Selects "Best Levels" For Operating Parameters to be "_f.@.

Least Sensitive to Noises .,

&

* A Key Step To Increasing Quality Without Increased Cost

* Develops Processes Or Products That Are Robust

e ——————————

Subsequently, the stage comes that is the parameter design. This is the stage typically,
where you think about the Taguchi application of robust design. So, this is where I am

trying to create the robust design, and using the Taguchi concepts.
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Parameter Design

OTaguchi defines a performance measure known as the signal-to-
noise ratio (S/N) and tries to select the parameter levels that
maximize this ratio.

QThe term signal represents the square of the mean value of the
quality characteristic, whereas noise is a measure of the variability
(as measured by the variance) of the characteristic.

@

So, Taguchi concept is basically parameter design concept. And he tries to do this with the
S by N ratio, signal to noise ratio. Objective is to use the orthogonal array, objective is to
consider the noise factor, controllable factor, and design, and execute the experiment in

such a way that S by N can be maximized.
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Defining the Taguchi Approach - Tolerance Design:

»A "Last Resort" Improvement Step

»|dentifies Parameters Having the greatest Influence
On Qutput Variation

»Tightens Tolerances On These Parameters
> Typically Means Increases In Cost

So, this is the tolerance design is the last resort. So, typically when you are going to step
three, this will increase the cost, and we are trying to tighten the tolerances. Obviously, to

produce those tolerances, you need to have very high end machinery equipments and



precision as well as the measuring instrument, this will increase your cost, and this is not
desirable. Try to focus on the system states through innovation, and then parameter

straight through Taguchi design.

(Refer Slide Time: 27:21)

/ / / Lly) = kly-m) ,

f \. e
L(y)= Loss s

\jé = constant = cost to correct/customer tolerance?
.y = reported value
m 2 mean value (average)

So, this is the quality loss function, Taguchi has proposed L y is equal to k y minus m
whole square. So, L y is the loss function, k is the constant, y is the reported value, m is
the mean average or targeted value. As you deviate from the target, my loss function is
quadratic in nature, and it increases lost to society is increased. So, this is my quality loss

function.
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Taguchi Robust Design

DA process has “several” quality characteristics

QDesirable Qualities
O Larger-the-Better (strength, mileage etc)
O Nominal-the-Best (specified dimensions, uniformity)

QUndesirable properties
O Smaller-the-better (defects, resources - material/time, cost)

QDetermine the best settings such that

DDesirable qualities are enhanced
Qundesirable properties are minimized/eliminated
UProcess becomes ROBUST i.e. insensitive to NOISE

And you can have Taguchi robust designed with certain desirable qualities, undesirable
qualities. Just see the example, larger-the-better. Would you like this strength larger or
smaller, would you like to have mileage larger or smaller? So, larger is the better, nominal
the best. You want to achieve, this sharp diameter exactly 20 mm, specified diamonds, and

uniformity is the best, so nominal is the best.

Undesirable properties smaller-the-better. So, this is also true negative side. Would you
like to have more defect, no, defects should be smaller, resource consumption should be
smaller, cost should be smaller. So, Taguchi gives three concept larger-the-better,
nominal-the-best, smaller-the-better. And this is where we are trying to use couple of the
equations, proposed by Taguchi in the design of my say Taguchi best parameter design of

robust concept.
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Exploring the Taguchi Method

* Considering the Loss Function, it is quantifiable
* LargerisBetter:  L(y) =k [1‘/,,:}

* Smalleris Better:  L(y) =ky* /
* NominalisBest:  L(y) = k(y — m)? \/

Where m is the target of the process specification

J e nee

So, the expressions are like this, larger is better L y is typically your say loss function,
which is now express like this. We are not going into the direction part, but I can just give
you the idea. You take the differential equated with the 0, like you are maximizing and
minimizing the function. And then that will help you to get the larger is better, smaller is

better, and nominal is the best expressions.

(Refer Slide Time: 29:27)
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+ For a nominal characteristic, there is a defined target value for the product which has to be achieved. There
is a specified upper and lower limit, with the target specification being the middle point. Quality is in this
case is defined in terms of deviation from the target value. An example of this characteristic is the thickness
of awindshield inacar. —

Nominal Characteristic

-

».

/

" LossinDellars )

/"’Dutpm alue (y)

J

So, once you have these expressions, you can just try to analyze that what does it mean.

So, when I say nominal characteristic, and typically what do you see here, this is the loss,



and this is the output variable Y. So, an example of this characteristic is the thickness of a
windshield in a car. And in this case, you would like to have the target value. So, here

target is the best, nominal is the best, this is the example of nominal is the best.
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* In the case of Smaller-the-Better characteristic, the ideal target value is defined as zero. An example of
this characteristic is minimization of heat losses in a heat exchanger. Minimizing this characteristic as
much as possible would produce a more desirable product,

Smaller-the Better Characteristic

el
A

L6 el

Now, if you see another example, then smaller the better characteristic. So, your responses
basically changing, and output is your response loss in dollar. So, as you are say having

the lesser one, your loss is reducing, so smaller the better.
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+ The Larger-the-Better characteristic is just the opposite of the Smaller-the-Better characteristic. For this
characteristic type, it is preferred to maximize the result, and the ideal target value is infinity. An example
of this characteristic is maximizing the product yield from a process.

Larger-the-Better Charactaristic

Loss in Dollars L)

OutputValue (y)




Similar way, you can see the example of larger-the-better. So, you have the larger the
response better it is, the loss associated is less. Again I will repeat the example mileage of
the car, larger the better, less better efficiency of the fuel, reduces my spending on the

fuel.
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* Company C received an average of 10 complaints per month last year. In
November they received 15 complaints (y). Management sets an acceptable level
at 2 (tolerance).

* It costs the company Rs.50.00 directly per complaint to correct the problems.
They determined the cost if fost salés to be Rs.100.00.

* Total cost per complaint: Rs.150.00

Let us see the illustrative example, there is a company received an average of 10
complaints per month last year. In November they received 15 complaints. Management
sets an acceptable level at 2. It cost the company rupees 50 directly for complained to
correct the problems. They determine the cost in law cells to be 100. And total cost per
complaint is 150. So, just try to appreciate this data loss sales to be 100, then cost for
complain is 150. And it calls the company rupees 50 directly for complaint.
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~_——_ Solution
f(: fs. fso.oo;zz =Rs. 3773
S J
L{y) = Rs. 3750 (15-10)
=3750(5p
=37.50 (25)

= Rs. 937\.?)5 for the month of November

So, with this data set, I will just do little competition. So, my k basically sorry my k
basically 150 divided by 2 square, so 2 is the tolerance. And I am taking this to find the
value of k, which is the coefficient in my loss function. So, this comes out to be 37.5, I
just plug in the values in my L y. So, 37.5, 15 minus 10 whole square my y minus m
whole square, so this gives me 937.50 is loss for the month of November. So, you can see
that how much loss you are making by deviating from the mean or target value that you

can complete using the parabolic function described by Taguchi as a loss function.
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The Economics of Reducing
y Variation N\

Case study: Tool wear in process

Trade-off between cost of adjustment and additional
loss (due to allowing process to traverse across the
tolerance band)



Now, let us see the economic reading variation, and there is a case study of tool wear in
the process. Now, here you need to analyze the trade-off between cost of adjustment and
additional loss, due to a allowing process to travels across the tolerance band. So, the
situation is like this, I have a machinery. I would expect that machinery to be set at a

particular value target value produces the nominal targeted dimensions.

Now, I may have to do the adjustment, and there is a cost associated. If I do not do the
adjustment, and if I allow it to operate away from my target, then my customer may get
dissatisfied because of the poor performance of the product, and then there is a loss

associated with the customer.
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Determination of manufacturing tolerance

Ly} ® Cuality
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metarget value ]
y=value of quality characteristic / F=B/A(A)
m-f, m# A = Functional/ cuzx?mr tolerance )
A=Consumer's average loss - T

L B=Cost to m}a,nul’acturerpl m- & and m+& manufacturing tolerances
\ ,-" \/

So, just try to see this, it would be better clear that this is let us say my targeted value m,
m plus delta 0, and m minus delta 0. So, k is the proportionality constraint, L y is equal to
k y minus m, A is equal to k delta 0 square, m is the target value, y is the value of the
quality characteristic or your response m minus delta, m plus delta 0 is the functional or
customer tolerance, A is the consumers loss, you just see this is the consumers loss. B is
the cost to manufacturer for m minus delta this is my m minus delta and m plus delta

manufacturing tolerances.

Now, what is happening here? My L y can be transformed into this, and I can write the B,
which is the cost to manufacturer as a delta square divided by delta 0 square, and delta

square can be expressed like this. Now, here you can see that if my manufacturer or I as a



manufacturer would resist adjusting, then I will have to encounter over a period of time
loss A that is the consumers average loss, and this loss will ultimately result in the loss of
business. So, I have to see the trade-off, whether I would accept B or I would expect my

consumer to expect A, which in turn will have a very negative impact on my business.
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Insights!

OAs long as the quality characteristic is within & units of the targeted value m, the
manufacturer will not spend any extra money.

UWhen the characteristic is at & units from m, the manufacturer spends an
amount equal to B, on average, to repair the product.

(As the quality characteristic deviates farther from target value, the customer's
loss increases beyond acceptable limits.

Jin the long run, the manufacturer would be wise to spend an amount 8 in this
situation, since the customer’s loss would otherwise be much more, thereby
increasing the societal loss.

So, these are the insights as long as the quality characteristic is within delta, the targeted
value of m, the manufacturer will not spend any extra money, when the characteristic is at
delta unit from m, the manufacturers spans about equal to B, so that my customer does not
feel unhappy to repair the product. As the quality character is deviates further from target

value, customer loss increases and I must see the trade-off.
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Suppose that the specification on a part is 0 500 + 0,020 cm. A detailed
analysis of product returns and repairs has dbscgvered that many fallures
occur when the actual dimension is near the extreme of the tolerance rar _ge_
(that is, when the dlmensmns are approxlmately 0.48 or 0. 52) and costs 550
for repair. What is the Loss? s

So, I have the illustrative example. Let us say you have a part 0.5 plus or minus 0.02 is
the specification. And you have discovered that many failures occur, when the actual
dimension is near the extreme of the tolerance range. And approximately dimensions are

0.48 to 0.50 cost 1s 50 dollar for repair, what is the loss.
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Solution

The deviation from the target, y - T, is 0.02 and L(y) = $50. Substituting
these values, we have:

50 = k(0.02)*
or /
k =50/0.0004 = 125,000

Therefore, the loss function for a single part is L(y) = 125000(y - T)2 \/
when the deviation is 0.10, average loss per unit is:

1(0.10) = 125,000(0.10) = $12.50 per part /

So, you can just use the expressions, I have given plug in the values find the k, L y, and L
0.1. So, this comes out to be 12.5 dollar per part. So, this is what is the loss, you will

incur.
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Knowing the Taguchi loss function helps designers to determine appropriate
manufacturing tolerances economically. For example, suppose that a simple
adjustment can be made at the factory for only $2 to get this dimension very
close to the target.

If we set L(x) = 52 and solve for x - T, we get:
2=125000(x - T2
Xx=T=0.004 \

Therefore, if the dimension is more than 0.004 away from the target, it is more
economical to adjust it at t Tﬁ_e_fq_&grv“_aid the specifications should be set as’

0.500 £ 0.004. —

And then if you say that I have dollar two to get this dimension, then very close to the
target, some correction you have to apply, then you just see interestingly that what is it.
So, it is just 0.004, it means that if the dimension is more than 0.004 away from the target,
it is more economical to adjust at the factory and the cost would be extremely less the

specification should be said at 0.5 plus or minus 0.004.
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Signal to Noise Ratio

v'To determine the effectiveness of a design, we must develop a measure
that can evaluate the impact of the design parameters on the output
quality characteristics

v'Signal represents the desirable component which will preferably be close
to a specified target value

v Noise represents the undesirable component and is a measure of the
variability of the output characteristic, which will preferably be as small as
possible

v'§/N should be maximized

v'Mathematical expression for S/N depends upon the three situations
(target is best, smaller is better and larger is better)



So, this example will really help you to appreciate that what is the concept signal to noise
ratio, signal is something desirable, noise is not desirable we all know, and signal to noise

ratio must be optimized.
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Signal-to-Noise Ratio

* SN ratio for “larger is better”: SN | =-10 Iug[

sl "
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* SN ratio for “smaller is better”: SN ¢ = -10 Ing I—E
L

n

* SN ratio for “ nominal s best”: SN ; =10 Iu;_‘ L

¥
/
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+ Maximizing appropriate S/N ratio, makes design robust.

So, these are the expressions which Taguchi has proposed for signal to noise ratio. We
have already seen, this is just the modified version of this S N L, larger is better, greater

the mileage. Smaller is better defect, nominal is the best, diameter I am producing.
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Taguchi’s Parameter Design

* Goal in Parameter Design:

Identify design parameter settings which minimize the sensitivity of a design
to variations

* [dentify factors and ranges of interest

* Control factors: those factors which can be easily controlled during the design
and/or manufacturing process

* Noise factors: those factors that are too difficult or expensive to control
during the design and/or manufacturing process

* Response factors: performance parameter to be monitored



So, finally intelligence design, goal in the parameter design is to identify the factors and

ranges of interest for control factors, then noise factors, and the response factor.
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Experimental design in Taguchi Method

¥ The matrix that designates the settings of the controllable factors (design
parameters) for each run, or experiment, is called an inner array

¥ The matrix that designates the setting of the uncontrollable or noise factors s called
an outer array.

v Each run consists of a setting of the design parameters and an associated setting of
the noise factors. The inner and outer array are respectively designated as the
design and noise matrices.

¥ Rather than run experiments at all possible combinations of design and noise factor
levels, Taguchi relies on running only a portion of the total number of possible
experiments, using the concept of an orthogonal array.

¥'The intent is to concentrate on vital few rather than the trivial many within the
confines of engineering and cost constraints

And typically, it operates like this. We will see the illustrative example in the next class
next lecture. So, there is something called an inner array, and typically I consider the
control factors, they are setting in the inner array. There is something called outer array, I
will try to put uncontrollable factors or the noise factors in the outer array, each run will
consist of a setting of the design parameters, associated setting of the noise factor not only
controllable factors, also the noise factor for that particular setting experimentation will be

done.

And it is effect on the response will be seen, and I would like to see that my S by N ratio
can be minimized. So, the range or the parameter of setting which can give me the

maximum S by N ratio is chosen and is desirable.



(Refer Slide Time: 38:36)

Taguchi’s Parameter Design Steps

* Managers’ job:
* |dentify the Problems
* Brainstorm
* Contribute to experiment design
* Facilitator’s job:
* Design experiment
* Run experiment
* Analyze results
* Confirm experiment

So, this is what we need to do that managers job is to identify the problem, brainstorm,
contribute to experiment design. Facilitators job is to design experiment, run experiment,

analyze, and confirm.
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The}‘aguchi Process

1. Problem lwﬁc:uitm

2. Brainstorging Session
P . . e
(Identify/ Tactors, faclor settings, ff,p
possiblé interactions, objectives)

3. Experimental Design
(Choose orthogonal arrays,
desigh experiment) v

/ 4. Run I‘.'/wé:‘i‘mum / .
) s Analyze Results //
6. ConlirmationARuns|

So, this is typically the steps; problem identification, brainstorming identification of
factors, noise as well as control, setting objectives, experimental design based on

orthogonal array, run experiment, analyze results, and confirmation of the runs.
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So, with this I am floating couple of think it for your introspection and revision, what are
the contributions of Genichi Taguchi, what is the concept of robust designed, discuss the
philosophy, and S by N ratio, and other concepts involved. What do you mean by larger is
better, nominal is the best, smaller is better, what is your understanding on S by N ratio,

and what is parameter design, and what are the steps we tried to execute as a part of

parameter design.
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. What are the contributions of Genichi Taguchi? What is robust design and
. Discuss Taguchi's philosophy for quality improvement. Discuss his loss

. Compare and contrast Taguchi's loss functions for the situations target is

. Discuss the signal-to-noise ratio. How is it used in the Taguchi method? What

. What is Taguchi Parameter Design? Discuss the steps of the Taguchi
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how Taguchi Philosophy of quality enriches the robust design concept?
function and its contributions.

best, smaller is better, and larger is better. Give examples in the hospitality
industry.

is an adjustment parameter, and how is it used?

Parameter Design. What is experimental design in Taguchi Method?

39:43)

UMontgomery, D C. Design and Analysis of Experiments,
5th edition, Wiley.
UMitra, Amitava. Fundamentals of Quality Contrel and

Improvement, 3rd edition, Wiley India Put Ltd.

So, you can refer a couple of references.
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* The Taguchi approach to design of experiments is an
effective strategy in product and process optimization.

% The approach of Taguchi method is able to improve the

process performance when optimum parameters setting

used in the process give better output performance in

terms of quality and productivity.

And this is the robust design approach based on S by N ratio, considering the impact of
controllable and noise factor simultaneously for achieving the robust design. So, thank
you very much for your interest in loving the concept of Taguchi design, I explained you
the various fundamentals and concepts for Taguchi design. We will also see in detail the
example illustrative example of Taguchi design. So, till that time revise the concepts, and
appreciate and digest the Taguchi philosophy, and keep internalizing the concept start to

application be with me enjoy.



