Product Engineering and Design Thinking
Prof. Pranab Kumar Dan
Rajendra Mishra School of Engineering Entrepreneurship
Indian Institute of Technology, Kharagpur

Module - 06
DFM, Rapid Prototyping and Affordability Engineering
Lecture - 30
A Primer on Design for Quality: Robust and Reliability Engineering

Welcome back to the course on Product Engineering and Design Thinking of NPTEL module
6 lecture number 30 is A Primer on Design for Quality focusing mainly on Robust design and

Reliability Engineering.
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So, we go to the slide concepts covered where we would be talking about the robustness and

reliability because often in essence though these are two different aspects and two different



treatments are done, but then for product these two practically are inseparable for its good

performance and quality.

So, in literature, they often come together and that is why we would discuss it in here together
and jointly. So, we know what is robust design, how it is different from you know the rugged
design etcetera, what is the special purpose of it. Then we would discuss that robust design,
robust design has two pathways. One is the FMEA pathway, the failure mode and effect
analysis and which is having two sub components one is design FMEA and another is the

process FMEA.

So, once the process FMEA is done then once the design FMEA is done, then process FMEA
also is undertaken that one is the design aspect and other goes in the manufacturing aspect.
So, product engineering since it is both are important however, if we understand one FMEA
the other FMEA is exactly similar only in the context is design and their context is

manufacturing.

Then we quickly or move on to Taguchi’s robust design methodology which is the most
popular one in this domain and widely used and you will find many resource materials on this
and we will discuss that and in we will present certain definitions which are concerned with

this. But, remember we are doing here this quality aspect of the design.

So, while design remains the main focus, we are also saying these are the aids, which is
required by the designer. So, that is to be learned and that is to be practiced. So, the Taguchi’s
contribution we will discuss then we would talk about the Taguchi’s two parts mainly
because it is actually three part aspect the system design from there it comes to parameter

design and then the tolerance design.

Taguchi’s main contribution is considered to be in the parameter and tolerance design that we
will discuss. What a downside let me tell you why we will do is the parameter design I will
touch upon the main areas, but which has not been dealt well or dealt much rather is the

tolerance design on which we will have to have a separate session.



Though we will touch that topic today, but an elaborate session is required and we will take in
the next session. Then, we will talk about the reliability what is the concept and what the
designer considers as system level reliability assessment through the reliability block

diagrams. So, these are the things that we would be dealing with today.

(Refer Slide Time: 04:33)

Defining Robustness

# According to Genichi Taguchi the Robust design the state where the product, or
process performance and its technology, is minimally sensitive to factors causing
variability (be it in the manufacturing or in the actual application environment)
while at the lowest possible cost.

% An analysis of literature on the definitions of Robustness like a collation (robust-
reliability.com), it is noted that the prominent terms that frequently appear
include reliability and quality.

Robustness and Reliability

As stated by Kemmler et al, the terms reliability and robustness are commonly
used to describe products and processes, which are in accordance with the
customer requirements and fulfill the expectations for high quality and quite
often uses these two terms ambiguously and interchangeably

So, obviously, as we are starting, we will have to define certain features and this in short the
essence of Genichi Taguchi’s. Genichi Taguchi’s robust design is that it despite the presence
of certain conditions which are not which cannot be controlled always, the system should be
able to perform well. That means, the system should be insensitive or rather more technically

speaking should be minimally sensitive to the performance of the product.

We will discuss what those variations are and they are called noises as Taguchi had defined

them. So, here an analysis of literature on definition robustness like a collision you can see



that collision that robust reliability dot com is noted that the prominent terms that frequently

appear include reliability and quality, which is very normal and we will deal exactly like this.

Also, Kemmler has observed that the terms reliability and robustness are commonly used to
describe products and processes which are in accordance with the customer requirements and
fulfill the expectations of high quality that is good quality and quite often uses these two

terms ambiguously and interchangeably.

So, they make no distinction though technically there is a distinction, but that is why
irrespective of those concerns we will deal both so that we understand that the entire gamut is

covered. So, there is no further complication in the discussion.
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+ Slightly modifying the denotation by the Mechanical Engineering Department of
the Technical University of Denmark, it may be expounded as:

‘Robust Design is the systematic process in designing products, devices and
production equipment so as to make its performance and function minimally
sensitive to the multifarious sources of variation, such as:

ambient use conditions (external noise or source of variation),

production and assembly tolerances or degradation (such as wear and
tear of bearing or parts) called internal noise (or source of variation) over a
period

at the lowest possible cost.



Now, slightly modifying another approach by the Mechanical Engineering Department of
University of Denmark. I have put it because I have liked it because it is very to the point
robust design is systematic process in designing products, devices and production equipment
so as to make its performance and function minimally sensitive to the multifarious sources of

variations.

What are those variations? One is from the ambient condition which is which could be
external noise extra or source of variation. Maybe change in temperature, maybe change in

humidity, there are many products which are affected by this.

Then there are there is a thing production and assembly tolerance or degradation. So, the
product itself gets degraded over the use, say bearing will wear out and there will be you
know wear and tear happening to the parts and that would call cause vibration and all. So,

there is called internal noise, but that noise is being created.

And, also there is a possibility of unit to unit variation from this thing and all this removal or
rather making it minimally sensitive to this variation. The point is that despite these
variations, despite wear and tear, despite the change in ambient conditions. Like say if there is

a cloudy day, if there is a humid day, the TV should not perform badly.

That is external or temperature variation. The mobile phone should not be affected or some
other equipment should not be affected due to salty weather. The corrosion easily will not be

you know corrupting the system.

So, these are some of the things that external thing and internal I have already explained. But
all these are to be accomplished at the lowest possible cost. Again, you remember, we have
talked about affordability aspect earlier and now we will straight away go to that

consideration for this when we particularly deal with that in the subsequent discussions.
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Robust Product Design

% The engineering in robust product design is just not sturdiness but other
aspects or parameters which otherwise may lead to sub-optimizing the design,
such as heavyweight or size.

% Robust Design is rather the ability to withstand or overcome adverse conditions.
It is a methodology to determine the appropriate levels associated with the
control factors involved in a design to make the system minimally sensitive to
variations in uncontrollable noise factors and thereby make the system robust.

Robust product design, the engineering in robust product design is just not sturdiness or
ruggedness, but other aspects or parameters which otherwise may be may lead to sub
optimizing the design such as heavy weight or size. It is rather the ability to withstand and

overcome adverse conditions.

Adverse condition I have already explained what is the adverse conditions like say vibration
like the noises and the humidity, temperature change, conditional change etcetera. Yet it has

to be minimally sensitive to variations in uncontrollable noise factors.

I said one is controllable that is the design control parameters and those are uncontrollable

parameters. We cannot remove those uncontrollable parameters, please remember this. But



our job is to find out the solution despite the presence of the uncontrollable parameters and

that is called robust design. We will discuss how subsequently.
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The variations or noise factors can originate from:

A. An external variation: from factors relating to Actual Usage, External
Environmental or System Interference:

Actual usage (by customer) condition: In operations and maintenance (such as
different lubrication or cleaning materials)

Il External environment; Variation in temperature, humidity, air quality, etc

Il System interference: Voltage fluctuation, electrical interference or vibrations etc.

B. Unit to Unit variation: Due to inherent process variations and parts produced
thereof and raw material and equipment

C. Internal variation: due to deterioration such as the wear of a part, and material
fatigue as a process of normal degradation.

So, here 1 have already I would not spend time on this because I have already explained what
is the external variations are, what the unit to unit variation is and what the internal variation
is. So, we have already mentioned that in the course of discussion. When you will study the
document, you will find whatever I have discussed. They are all pointed out. So that when
you appear for your assignment of test, it will be handy and easy for you to go through. These

points are there these three things that I have discussed already.
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** Robust Design is about reducing performance variation and stahle without
eliminating the cause of the variation, that is the product or process
minimally sensitive or practically insensitive to variation or a variety of
‘noise’,

% Robust Design can be supported by
Taguchi’s Design of Experiments (DOE) method, which is the primary
technique, and also through the
FMEA (Failure Mode and Effect Analysis) approach to reduce risk. Design
FMEA (DFMEA) in this case. Process FMEA (PFMEA) is applied in a similar way
for manufacturing.

% Risks identified by the FMEA team that can be mitigated by making the
product design more robust and the task for improvement need to be
recorded in the ‘recommended actions” column concerning the particular
design changes to make the design sufficiently robust.

Now, therefore, the objective of robust design is to reduce the performance variation and how
it is to be done that is the as I said there are two methods primarily one is the Taguchi's design
of experiment method and the other is failure mode and effect analysis. I said in the beginning
when I was discussing the concepts and we have discussed both that they are the DFMEA and
FMEA we will discuss that.

Risk is also taken into consideration through this FMEA as the team FMEA team which
normally comprises of various involved stakeholders like design representative represent
from manufacturing, from quality, from the costing etcetera. They can mitigate the risk by

making the product design more robust and the task for improvement need to be recorded.

But what are the things to be done for improvement or risk minimization is a thing called

there is a format in FMEA that you can always find from the website etcetera where there is a



recommended action what to do. So, there one will note down ok this is the action to be taken
to mitigate that risk. So, if something is getting corroded, then what is necessary the material
should either be plated or the painted then one will have to examine which one is more long

lasting or cost effective etcetera the design aspect of it.
(Refer Slide Time: 12:59)

Modifying slightly an example from the literature (weibull.com) for a bicycle handbrake
subsystem the following is presented:

[ FUN | P | PEF | SEv | PCF | OCC | CDC(P)|CDC(D) DD | RPN | RECO | AC |
uf A & 10 il 5 u U 2 100 *1 Robust
Design

*2  Testing

FUN = Function

PFM = Potential Failure Mode

* PEF = Potential Effect(s) of Failure
PCF = Potential Cause(s) of Failure
0CC = Occurrences of Failure

CDC (P) = Current Design Controls (Prevention)

CDC (D) = Current Design Controls (Detection)
DD = Detection Difficulty

RPN = Risk (Rank) Priority Number

RECO = Recommended Action

* AC= Action Category

Here I will give you the glimpse I just said that that the format is available the slice of the
format is presented here is that the first column is function, then is function that is function of

the part what exactly it does that is the function of the part.

Potential failure mode, potential effects of failure, PCF — Potential Cause of Failure, OCC —
Occurrence of Failure, CDC — Current Design Control, CDCD is a Current Design Control
Detection, DD — Detection Difficulty, RPN Risk or Rank Priority Number, RECO



Recommended Action which I just now mentioned recommended action what to do and

finally, to understand which action category it comes to. So, all these have been defined here.

Now, you would find there are certain aspects which means this explanation we will discuss
that. But then there are three columns where you would find certain digits what these digits
are. Here the three digits is under safe or severity short form is safe it is written here also and
then this OCC, OCC stands for this Occurrence of Failure and DD is Detection Difficulty.
ACV I find it is missed out from this list, but just note that ACV means severity short form of

severity.

Now, it is all put in a scale of 1 to 10. If the severity is very high, then severity means what
will happen if severity is there, we will explain that soon. So, first let us note that. So, in a
scale of 1 to 10 suppose severity is 10 occurrence in a scale of 1 to 10 is 5 and detection
difficulty suppose is in a scale of 1 to 10 is 2 we will say how it is done and then the product

of these 3 is 10 into 5 into 2 is equal to 100.

So, recommendation 1 is a details, but the action category is robust design something else
also is recommended as test 2 that is in testing category which is the problem undertaking for

a bicycle handbrake subsystem design.
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U Function* = Provide the correct level of friction between the brake-pad assembly
and wheel rim to safely stop the bicycle within the required distance under all
operating conditions.

{0 Potential Failure Mode* = Insufficient friction delivered by hand brake
subsystem between brake pads and wheels during ‘rain’ conditions.

U Potential Effect(s) of Failure* = Bicycle wheel does not slow down as the brake
lever is pulled and potentially results in an accident,

U Potential Cause(s) of Failure* = Cable Binds due to inadequate lubrication.

Now, the function as we said that we will discuss that provide the correct level of friction
between the brake pad, assembly and wheel in this particular example case. So, I am
explaining because in the literature in the books you will find the generic explanation, but I
thought that I would explain that each and everything with an example so that it goes to your
mind very well wheel rim to safety stop to safely stop the bicycle within the given range or

within the distance under all operating conditions.

So, even it is raining even in the rain it should function and should stop. Potential failure
mode how it can fail? The insufficient friction delivered by handbrake to the subsystem

between the brake pads and wheels, wheel rims. Potential effects what will happen?



Bicycle will does not slow down as the brake lever is pulled and potential result in an
accident. So, that is the effect. So, it is very severe. So, it is that is why you will find it is in

category 10 top 10. Potential cause of failure a cable binds due to inadequate lubrication.
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0 Current Design Controls (Prevention)* = Handbrake design guideline reference
number.

d Current Design Controls (Detection)* = Bicycle system durability test reference
number.

0 Recommended Action*1 = Redesign Handbrake cable routing to reduce friction
and make the system minimally sensitive to lubrication degradation

1 Recommended Action*2 = Modify Bicycle durability testing for brake cable checks
for binding

Current design control prevention, handbrake design guidelines reference number from some
reference number it is given. Current design control, detection, bicycle system, durability test
reference number. So, those are the reference number from which this details that information

will be put in.

Now, recommended action — what is the recommended action? Exactly we have talk about
this. This is the heart and essence of FMEA, redesigned handbrake cable routing to reduce

friction and make the system minimally sensitive to lubrication degradation.



And, so, it is the robust design category and recommendation 2 is the modified bicycle
durability testing which is in the testing category. Now, what is the outcome of this
multiplication of severity, occurrence and detection difficulty? That is the if the suppose it is

10, 5 and 2 something is say 8, 2 and 1. So, 8, 2 and 1 give a product of 8 into 2 into 1, 16.

So, that gives the rank which problem is more prominent or dominating problem. So, if the
RPN number the product of this three would give us the priority. That is why it is called rank
priority number. The RPN is equal to the multiplication of this three severity value,

occurrence value and detection difficulty value.

(Refer Slide Time: 18:54)

% The FMEA team when dealing with the design-related :
aspect of brake pad orientation, it procedurally would R
consider robust design techniques, such as DoE
(Taguchi's Design of Experiment) to beget the brake pad |
adjustment design more robust to the "noise" of
adjustment,

¢ DFMEA is an analytical process for identifying, Image: Downtown Bicycle Works
mitigating, and eliminating risks of failure associated
with product design that reduces the number of defects
and hence is an effective product engineering
methodology. It is therefore pivotal for the product
quality management process that leads to the following
henefits:

o2

The FMEA team when dealing with the design related aspects of brake pad orientation, it
procedurally would consider robust design techniques, such as DoE, Taguchi’s DoE to beget

the brake pad adjustment design more robust to the noise adjustments. Noise adjustment



means say in the condition of rains where there is it becomes slippery yet it should have the

(Refer Time: 19:21)

DFMEA is an analytical process for identifying, mitigating, and eliminating risks of failure
associated with product design that reduces the number of defects and hence it is an effective
product engineering methodology. It is pivotal for product quality management and leads to

the following benefits which is here.
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Benefits of DFMEA
U Prioritizing Actions: DFMEA is assistive in prioritizing problem mitigation actions through ranking various
failure modes hased on severity, occurrence, and detection difficulty.

U Efficacious Risk Management: DFMEA aids in identifying potential problems that otherwise would only be
detected during pilot production.

U High Customer Satisfaction Ratings: DFMEA helps to detect the flaws early on that create dissatisfaction for
the customers,

U Lowering cost and delay in launching: DFMEA obviates product recalling and delay in launching due to late

corrections.

Quality must be engineered in at the product design stage itself:

since trying to correct flaws by checking or inspecting them out is an exceedingly
difficult and hugely expensive affair as observed by Genichi Taguchi, the pioneer of
Robust Design.

It prioritizing actions we have said that how it is prioritizing. Efficacious risk management,
yes. High customer satisfaction, yes. Naturally if there are less defects reaching out to the
customer because of this there is a reason the customer should be happy or satisfied.

Lowering cost and delay in launching.



So, if we can detect or predict our failures earlier and make take corrective actions or
preventive actions then obviously, the later on corrections are not required and the cost will
go down and because of this extra unnecessary work it can be removed that building will be

easier and quickly it can be delivered. So, product launching time also is reduced.

Because it is always believed that if product quality should be built in the product it should be
engineered in the product it cannot be screened out by testing because by testing out later on,
we might think find that some product is good and some product is bad, but then that does not
help because a bad if it is a bad product already, we have to reject and that means, waste of
energy money everything waste of resources. Instead, if we can address them earlier that is

the best thing that FMEA is giving us that advantage too.
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Few Taguchi’s Orthogonal Arrays (OA) for comparison with Full Factorial

Design Criteria | Orthogonal | Numbers | Levels of | Number of Number of
Arrays of Factors | Factors | experiment | experiment for full
for OA factorial design
4 8

14(2) 3 2
' L8(27) 7 2 8 128 An easy, Efficient,
T“E;Zsli:‘r:e 112 (21) 1 2 19 2,048 Economic and Practical
0 way with OAs
116 (2%) 15 2 16 32,768
Three Level 19(3%) 4 3 9 81
Design 127(38) 13 3 27 15,94,323
18 (24, 41) 5 21) 8 64
1624y 13 2,1) 16 16,384
Mixed Level -
Desgn U6 1 (2.4) 16 8192
116 (26, 43) 9 (2,4) 16 4,096
116 (23, 4% 7 (2,4) 16 2,048

L16(2 37) 8 23) 18 4374




Now, from here this we have discussed FMEA from here we will go to the next approach
which is Taguchi’s approach. Now, what is Taguchi’s approach Taguchi Taguchi’s approach
is the say if we are having multiple variables say the in any product development, multi

criteria, product development multiple features.

So, different parameters what is to be set at what value, so that the best quality product comes
out? Where a where should we set the parameters so that the variation is variation in
performance is less least. So, suppose there are 10 parameters to be tackled. Now, so, we have
to change one after another and see which creates what kind of impact this particular

parameter or variable which leaves what kind of impact.

Suppose only with there are three factors only three factors and each factor can be having a
maximum value and minimum value then you will find only for these eight experiments are
to be carried out. Similarly, which is called level to the power factor this is the factorial

formula which I will show you in the next slide.

Here you see one is that the full factorial we have presented it just for convenience you can
see any of this it is only a partial presentation. Say two level design, some three level design
and some mixed level design; mixed level means I will explain. So, here the first row you see
which I have just explained L4; that means, that L4 which is 2 to the power 3 that normally, if

we carry out experiment that would be 8 required only just right hand side column.

But Taguchi has proposed an array where with four treatment conditions the similar result
will be available with enough confidence and satisfaction. Now, for such a small experiment,
we understand this is the difference as we move on to higher levels any other levels because
this why I am touching upon only this? Because on parameter design, I have given the
websites, the links later on which you will have huge material to study if you are interested or

if it is necessary.

But, for assignments whenever I said you will study whatever you will study that will not part

that is for your own learn that you would know learn out of your interest out of your



requirement and that will not be part of your assignment or examination. Whatever is
presented here and discussed that will be only part of the assignment, but you can always out

of interest go there and learn because there are plenty of material available.

Now, just see another thing say if there are three factors then with three levels maximum,
medium, minimum. Say for example, then we have 8 we have to carry out 81 experiments
where Taguchi is suggesting an array through which only through 9 it will be done. Fantastic
results or other places in the you know say for L16 where 32,768 experiments are required,

but with Taguchi only 16 will do.

So, you understand to how to what extent the Taguchi method is efficient to reduce the
number of experiment because if you can reduce the number of experiment, we can quickly
set the parameters those parameters and immediately start working on it so that the

performance variation is minimal.
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Taguchi Orthogonal Arrays and Section Criteria
Readily available OAs

Orthogo No of Noof  Max no of factors at theses levels  EPTENTHPIRRIS TS
nal Array experiments factors Level2 Level3 Leveld Level§

in practical applications

L4 4 3 3

L8 8 7 7 - - - ]

L9 9 4 N 2 - - Inspired by this
L-12 12 11 1 = o = advantage, the details
L-16 16 15 15 - - - including theoretical
L-16 16 5 - 5 - aspects of the
L-18 18 8 1 7 - - thodology may he
e e e L L
4 = = = r , which are in
L-32 32 31 31 - plenty,

L-32 32 10 1 & 9
L-36 36 23 1 12 :
L-36 36 16 3 13 -
L-50 50 12 1 z 11
L-54 54 26 1 25 : :
L-64 64 63 63 p :
L-64 64 21 . E 21
L81 81 40 : 40 :

Ref: Table from Literature

Here I will present this thing which is available anywhere you can Google and find out it is
universally available I just have presented from one of the literature source. This is very
common and everywhere we will find it. It is not any [ would say secret thing anywhere, that
on the left hand side these are the arrays. You do not have to do anything. Taguchi Genichi

Taguchi has created all these tables for us.

When you go to that particular table you know how many experiments are to be carried out.
You only have to know how many factors are there in your experiment and how many levels
whether only minimum, maximum or minimum, maximum, medium or whatever it may be

more. Whatever that level is that can be obtained from this level.

Say for example, if they say let look at the say second one it says that if there are maximum 7

factors at level 2, 8 experiments can manage. Normally, it would have been 2 to the power 7,



so many experiments normally full factorial had to be carried out, but Taguchi has devised a
chart where a table where only with 8 experiments we would get similar results, reliable

results. These are these ways are readily available. This advantage is there.

So, any practitioner would love to use this because everything is ready, we will be just using
it is a format or template or table and go ahead with the application usage. So, we will now,
therefore, discuss in more details, but remember as I said our there are many resources on this

parameter design etcetera.

And therefore, I will not spend much time on this and we will leave that to you giving the
glimpse of what is done stepwise, but I will deal separately on the tolerance design where
after parameter design the tolerance design part is not dealt in with very much scantily

available. So, I will discuss with that.
(Refer Slide Time: 28:05)

Any experiment that has the flexibility to incorporate desired changes in the input
variables of a process to observe the output response is known as experimental
design.

Controllable factors
1
M
Output

Process ——

R

Uncontrollable factors

Input




So, this is a general format you know that input, process, output, there are controllable factors

or uncontrollable factors; uncontrollable factors of the noise that we have said.
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Some Definitions
INTERACTION: Two or more factors that,
FACTOR: Process variables or the parameters of the together, produce a result different from the
experiment (Example: Oven Temperature, pressure) result of their separate effects would be.
LEVEL: The values or settings at which a factors is NOISE FACTOR: An uncontrollable ~(but
evaluated. (Example: Oven Temperature 2 levels measurable) source of variation in the
(i.e.,300°C and 500°C) functional characteristics of a product or
process.
RESPONSE: A process characteristic that is measurable, MAIN EFFECT: The effect or impact of a factor

that is the actual output observed in the experiment on a response variable

(Example: Opacity, Adhesive Coat Weight, MRR)

The three main phases
of Dok are

TREATMENT CONDITIONS: The combinations of levels
and factors are called treatment conditions. Minimum
no. of Treatment conditions = degree of freedom. Planning phase

The number of treatment conditions are generally ~ Conducting phase

greater than degree of freedom, or Te >=Df. Analysis phase

I have already given you the definitions that factors levels and those are there you can always
check the data response what is the outcome, what is the result that is. Treatment conditions
we have discussed treatment that eight; that means, experiment that those are called treatment

condition experiments are treatment conditions.

Interaction is there if say multiple factors we are talking about if those factors have any
interaction or one influences the other kind of a situation. Noise factor we have said and main

effect is that effect of the individual parameters that we are discussing so far.



It has basically three phases DoE has three phases — one is a planning phase, then the
conducting phase and the analysis phase. The planning phase is which orthogonal array
etcetera we will take up; conducting phase is actually carrying out the experiment and

analysis phase what the result comes and what it keeps.
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Taguchi's Robust Design Procedure  (zhang et al, 2007)
Determine suitable working levels Regular R&D
! | of the design factors 4
System Design i Concept and System Robustness

Sclect Proper Orthogonal Array P it
clmlmw(?\ agonel Arey Orthogonality’ means that the experimental design
(0A) is balanced. The idea of balance produces statistically
independent results.
It means equal number of level cades in each column
of the experimental design .

Identify Optimum Condition

Tolerance Design Determine the results of Parameter
! Deesign by Tightening the Tolerance of
the Significant Factors

Taguchi’s
Salient contribution:

Parameter Design (PD)
and
Tolerance Design (TD)*

- corner stones of RD
¥TD on the parameter

The definitions are everywhere I am not spending much time on the definitions you can see
that and this is also the steps I have already explained that first is system level, then there is a
parametric parameter design then tolerance design. And, here the orthogonality means that the

experimental design is balanced.

Balanced means I will show you what is called balanced, but now you see under the
parameter design as I said it is the selection of the orthogonal array table that is that L8 or L99

or L27 or whatever then actually carry out the experiment, run the experiment, analyze data,



identify the optimal condition which combination of parameters — a at minimum, b at
maximum, ¢ at medium, d at minimum, e at maximum like that or that particular value. Why
I am saying maximum may be it is 60 degree centigrade those kind of values and

confirmation runs. So, this is what this.

And, then tolerance design. What is tolerance design? That is in short then when we are
deciding a parameter to be of certain scale and set we are saying that this parameter design
should also not fluctuate too much if we see that parameter is 60 to what extent that give the
best result whether it is 60 plus minus 1 or plus minus 2 etcetera. So, within which range we
have to come down to so that the performance is intact. So, how tight the tolerance are to be

made is the direction given from the tolerance design.
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The Taguchi Quality Loss Function

Taguchi has defined quality measure as the loss imparted to society from the time a product is shipped and it
includes failure to meet customer requirements, failure to meet ideal performance and harmful side effects.

The traditional model for quality measure: No losses within the specification limits

_I 4,__ Scrap Cost

U gt USL

Cost

The Taguchi quality loss function: the quality loss is zero only if it is maintained on the target :

(Nominal the best condition)

Q)

|

0 LSL N USL
Target (6)




So, in Taguchi’s loss function here you see the traditional model is there is a upper
specification limit or lower specification limit. The target is in between because if it crosses
the upper limit we reject if it crosses the lower limit you reject, that is very well you have

learnt in your studies earlier.

But Taguchi has proposed that the loss function should be perceived as this that, if even if
you within specification limit if you were moving away from your target your cost actually to
the society is up. That means, if you are not meeting a target some leakage is happening, some
waste is happening, if the road is not properly designed or the tire is not properly designed,

then it will create a different level of friction and that would cause more fuel burning.

And, if there is more fuel burning it will create more obnoxious gases or greenhouse gases
and that would create the environment pollution. So, you can understand the implication to
the society how it goes. So, any deviation though permissible according to upper and lower
control limit, but this loss function is very important which is a parabolic function proposed
by Taguchi which you can see that if we are moving from the target value on the left or right

side the USL or LSL side that is going up.
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The following shows the relationship of the loss function to the Mean Squared Deviation (MSD).

Nominal-the-best L=k (y- T)? where k = A/ A?
L= k(MSD) where MSD = [3 (y- T)?)/n]
L=k[o 2+ (y- T)?]

Example Problem: The design specification for the thickness of a metallic washer is  0.32 4 0.02
centimeters (cm). It costs Rs.100/- to scrap a bad part. Determine the ‘Taguchi’ loss aty=0.33

Solution:
L=k(y-T

100 = k (0.02)?
k=2,50,000

L=2,50,000 (0.33-0.32)
L=Rs. 25/-

There is one short calculation that we will see. We will do the nominal the best kind of a
thing that is a nominal dimension with the fluctuation. Similarly, there is a one thing called
larger the better, smaller the better. I will not go into all these detailed discussion here

because those are all available in plenty you can see if you want.

And, the calculation you can see say for example, without going into much of the theory
metallic washer which is 0.32 plus minus 0.02 centimeter. Now, if this scrap cost is 100
rupees and then what would be the cost at when y is equal to 0.33. You will find the given the

formula here that deviation means a cost. So, this is how we go ahead with this.
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Two other common loss functions:

Smaller-the-better :

L=k y? where k= Afy*

L= k(MSD) where MSD= [3 y3]/n
L=kly + 07

Target USL

Larger-the-better:

L=k(1/y?) where k = Afy?

L= k(MSD) where MSD= [ (1/y3]/n
=K (/N

Now, here similarly the larger the better smaller the better and larger the better there, which
are also considerations. But obviously, we are skipping it for detailed discussion now because
those are all available, because this is not the main course. We are into product engineering or

design course.

Our main course is not to Taguchi's design of experiment. So, I will touch upon this thing and
if you feel that it is interesting and important for you then you go ahead. I am touching
because if I do not touch you will not perhaps know in many cases what exactly is the

solution? That is why I am presenting it.
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Parameter and Tolerance Design

¢ Parameter and tolerance design with the loss function approach brings in a new
perspective (Salient contribution of Taguchi).

Parameter Design aids in dampening the effect of noise by choosing the proper
level for control factors without eliminating or controlling the cause of variation,
to make the product robust despite noise factors.

-

* Parameter Design improves the uniformity of a product and can usually he
achieved without extra spending and sometimes even at a savings. That is, by
setting certain parameters of a product or process design to render the
performance minimally sensitive to causes of variation.

The Tolerance Design, undertaken only after the parameter design, improves
quality at minimal cost by tightening tolerances on product or process
parameters to reduce the performance variation.

-

Now, parameter and tolerance design I have already discussed that. Parameter design aids in
dampening the effect of noise by choosing the proper level for control factors without
eliminating the control controlling of the cause of variation and we have said. And, it

improves the uniformity of the product.

The tolerance design undertaken only after the parameter design improves quality at minimal
cost by tackling the tolerances. It is done only after parameter design and it improves quality
at minimal cost by tackling tolerances on product or process parameters to reduce the

performance variation. So, this is the tolerance design.
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Parameter Design with Inner and Outer Array

L4 OA outer arrny(noise factors) . P X
The objective here is not

to present the background

iz 1 2 2 1
theory ~ or  analytical
Y 1 2 1 2 AN
. treatments  behind ~ the
1.8 OA inner array (control factors) X | | 2 b ‘Robust I)L‘s‘ign (RD)
A B C D E F G Method’, for which
Column No. Data resources are abundant
Trial rather
No. 1 i 4 * . ¢ i il L to familiarise with the
| I 1 1 1 1 1 1 $ b ¥ * tools and techniques
2 | | | 2 2 b} 2 * L # * available  for the RD
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4 1 2 2 2 2 1 1 & . % *
5 2 1 2 1 2 1 2w s ? %
6 2 | 2 2 | 2 | 3 4 » i
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Now, here this is what you will see when you study anything in parameter design. I will soon
after give the all the links where from. You can see this is this is this is combination of two
arrays. One is L8 for the inner array or control arrays which Taguchi called inner array L8 or

O8 and on top you find L4 or OA4 outer array which is the noise factors.

Suppose, there are three noise factors. So, three noise factors at two level each. So, it will be
four treatment conditions and here in the control you have seven factors and two levels. So,
there will be eight treatment conditions. So, when I combine these two, we get this parameter

design outlay.

Now, what we do is yl, y2, y3, y4 these are the responses that is the result. If we conduct a
conduct a study with this conditions when that noise level is 1111 and the say when all these

are at level 1 these are the values. These are the responses. So, we take the average of it and



do calculation or find the signal to noise ratio, we will discuss separately when we discuss in

a separate discourse on this. But we would understand what the process is.
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Some available resources focused in Parameter Design

0 https://www.youtube com/watch?v=4ti8rfzhdxg

U https://www.youtube.com/watch?v=hPrQXgQ-dY8

Q https://www.youtube.com/watch?v=kcVfAvglL7M

0 https://www.youtube.com/watch?v=9L huoPK[YE

Q https://www.youtube.com/watch?v=YcqzmJFnOJE&list=PLbRMhDVUMngfYz2e0ZskAd8I30EKSI Vb&index=46

Here are these sources links from where you can understand parameter design. I would give a
glimpse of this. I said it is a primer. We will not go into the detail of this because details are
plenty available. Only where the details are not as a hugely available or not practically

available the tolerance is a I will take a special discourse.
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Tolerance Design

% Tolerance design (or Parameter Tolerance Design) is undertaken when the
outcome of parameter design is rendered inadequate in reducing variation.

* Usually, in the parameter design, highly expensive component imposing stringent
restriction of variability is not considered initially due to economic reasons to
contain the cost.

However, if quality of these components must yet to be improved to reduce
variation to the desired extent, then tolerance design needs to he employed.

b

‘Tolerance’” does not relate directly, according to Taguchi’s approach, to the
specification limits for a product or process and rather it is used in the sense of
how much variation, say, in dimensions, components and assemblies will be
tolerated hy a system to perform as per requirement specification and therefore
for making only such allowance.

# In tolerance design, the loss function is used to substantiate the increased costs
of higher quality components by lower loss to society.

Now, we are into that tolerance design. I have already said the things about it. Only thing to
be remembered a tolerance here is not directly according to according to Taguchi approach is
not connected to the specification. But, it is connected to the variation of the you know
ranges. Now, we have to find out which what will be the tolerance for a given parameter
based on this operation. I have already discuss the other aspects of it. So, when you will study

this slide later you will know that already these aspects have been discussed.
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*» Tolerance design (TD) requires the use of tighter tolerances or higher
quality, higher cast materials to reduce variations to appropriate levels.

+% The standard deviation or variance of a factor becomes an appropriate
measure of the actual variation.
% The real feat in tolerance design is uncovering the relationship hetween
the variance of the component or factor , and

the variance of the performance characteristic of target or interest.

% The essence of TD is:

{1 If variance of the factor or the component attribute is reduced (at some cost),
then a reduction in variance of the performance characteristic will be realised.

 This improves the overall quality and reliability of the product or system

Now, the real feat in tolerance design is uncovering the relationship between the variance of
the component factor and the performance characteristic of the product. So, if we can relate
these two, then our job is done. So, essence is the variance of the factor or the component
attribute is reduced obviously, maybe at some cost, then a reduction in variance of the

performance characteristics will be realized.

So, this relationship how much if I reduce the particular tolerance range how much
improvement we can bring in to the performance of product. This relationship is to be

established and this improves the overall quality of the product.
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Design for Reliability

In substance, Design for Reliability (DfR) is a process that effects and insures a product, or system,
performs a specified function in a use environment over the expected lifespan.

Decreasing Constant Increasing
Failure
Rate

Fallure
Rate

Fallure
Rate

Observed Failure
Rate

b Early
% "Infant
. Mortality"
% Fallure

Failure Rate

Constant (Random)
Fallures

',

Bath-tub Curve (Ref: Wikipedia)

And, it leads us to the last leg of today's discussion is that design for reliability. So, what is
design for reliability? It is just to see which perhaps you have read earlier also, but I will
explain the bathtub curve which is called on y-axis you will find failure rate how it fails and
why excess is this time. And, you can see that initially there would be multiple failure

because it is called teething problem.

So, when you are launching some planning something new launching something new doing
some new program there are many snacks, so, which will fail. So, initially in the red line will
find that initially there will be some failure and it will become steady; whereas, the wear and

tear will not happen in the beginning, but towards the end.

So, in the yellow line it is showing that and the green line is the random or called constant

failures which is uniformly going on. So, combining these three, we get the blue line which



looks like a bathtub and therefore, it is called a bathtub curve and that gives us indication that

the useful life mostly is in the blue zone in the middle section that is the constant failure rate.
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Reliability assessment through System Block Diagram

*% Reliability Block Diagram (RBD) is a diagrammatic representation for finding
how component reliability contributes to the overall reliability of a
complex system.

% This is a representation of blocks (each representing a component of the
system with associated reliability factor) connected in parallel or series
arrangement.

% The ‘blocks' may be conceived as switches, where a closed switch means a
working component and an open switch represents a failed component. If a
path may be found through the network of switches from beginning to end,
the system still works.

Reliability assessment through system block diagram, this is one interesting part that
engineers or the designers mainly will have to assess the system reliability which actually is
dependent on the component reliability involved in the system. So, we will see an example

better than understanding or discussing theory.
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Computation in RBD

L
-

B B

...... (1-Rn)

We will go to a computation of reliability block diagram. So, suppose this is the diagram.
This is how things are connected say R1 and R2 are in parallel here. Similarly, the system
somewhere it is in series somewhere it is in parallel. So, if we have to calculate the reliability
then the reliability is if it is in series anything is in series. Say, here say for example, R4 and

R5 has are in series.

So, for that part of reliability calculation it will be multiplication, but for R1 and R2 it is
parallel. So, it will be 1 minus 1 minus R1 into 1 minus R2 that is what is given in the

formula.
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Example for Series-Parallel RBD (Problem)

Now, I will be closing today's discussion mainly after showing this which is the example of a
series parallel system where within the blocks you will find the reliability values put in. Now,

if I ask you what is this system reliability, you would be using that formula just you have

learnt the series and parallel.
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Example for Series-Parallel (Solution)

The solution is here I am giving the solution. So, you will find that these values wherever is
there and step by step whatever you see and you can try it once the lecture is over and when
you hear that, then you can do this calculation and final system reliability is 0.756 or in some

people where it is called 75.6 percent or something.
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Necessity for a discourse on Tolerance Design that is scantily available

% Reliability assurance, particularly in context of Complex products, involves
advanced circuitry (example for in mechatronic products) sophisticated
power requirements, new parts, new material and technologies, that
results in complexity and less robust parts and features imposes difficulties
inensuring.

& The tolerance design, chiefly for complex products needs an exclusive

discussion besides the computational procedure to arrive at that (Will be
inthe next discourse), as the procedural explication is scantily available in
particular.

So, now here we close today's discussion on this part, but I would also point out that some
discussions are necessary for tolerance design which is very important and we will take up a
new discourse for this. And, reliability assurance particularly for mechatronics complex

products these are very important. So, it will be dealt with the complex products context.
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This presentation is on Quality in Product Design as a primer focused on Robustness
and Reliability, two salient aspects. The session discusses the Robust Design approach
for mitigation of performance variation and considers FMEA (Chiefly, the Design
FMEA) as one of the pathways to start with and thereafter focuses mostly on the
Taguchi Design Methodology. Taguchi’s ‘loss function’ precept and the Orthogonal
arrays in parameter design are discussed, explicating the relevant definitions. The
tolerance design is touched upon here, however, an exclusive discourse is warranted
as information resources are scantily available, which will be taken up in the next
session as part of the need in a complex product perspective. The present discourse
also touches upon the Reliability aspect of product engineering.

And, so, here we have discussed the various aspects of robust and robust design and
reliability involving FMEA and Taguchi's loss function how it works and presents discourse

in the product engineering.
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References I

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

This is the reference and I am sure that you would love to do the you know certain
calculations as has been shown here and you will go to the parametric design thing. And, [ am
sure you would be interested to do that and this is rather easily available the parameter design

and that is simple. I hope it helps you.

Thank you very much for listening to this discourse. Thank you once again.



