Six Sigma
Prof. Jitesh J Thakkar
Department of Industrial and Systems Engineering
Indian Institute of Technology, Kharagpur

Lecture — 04
Six Sigma Principles and Focus Areas Part - 1

Hello friends, I welcome you to the journey of Six Sigma. And this is lecture 4, Six Sigma
Principles and Focus Areas Part 1; and something in detail related to fundamentals of six
sigma principles will be discussed in part 2 — lecture 5. Before we proceed to this particular
lecture, let us just have a small recap.
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Recap

* Pursuit of Quality

* Importance of Quality

* Dimensions of Quality

* Definitions of Quality given by Quality Gurus
* History of Continuous Improvement and Milestones in Quality
* Evolution of Six Sigma at Motorola
* Variation and Six Sigma

* Lean-Six Sigma

So far we have talked about pursuit of quality. Why quality is important, why today
organizations they are continuously striving for better and better quality standards and
benchmarks. Importance of quality, how the company they really perceive the quality, and
try to justify their business competitiveness and sustainability through the dimension
quality. There are various dimensions of quality, and we cannot say that quality is only
unidimensional perspective; it is a multidimensional, multi attribute perspective. And we

have talked about various perspectives of the quality like reliability, safety, aesthetics and

many others in the previous lecture.

We have also seen the various definitions offered by quality gurus; the renowned

personalities in the domain of quality like Crosby, Deming, Juran, Ishikawa and many



more. We have gone through a systematic journey of history of continuous improvement
in various milestones in quality. So, since last 80 years or 90 years, companies,
organizations, they are striving for better and better quality, and we have seen the various
milestones. Then we talked about evolution of Six Sigma at Motorola. And the problem
Motorola has faced, and as a solution they discovered something called Six Sigma a
systematic approach for implementing DMAIC, and improving the quality of various

processes by reducing variability.

We have also seen the variation in six sigma. Variation is the enemy. And if you can have
better control over the variations, then automatically your processes will improve; and in
turn you can say that you are improving on the sigma level. And then we have seen that
what is lean-six sigma, and what kind of synergistic effect in terms of waste reduction

through lean as well as variability reduction through six sigma an organization can achieve.
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Concepts Covered:

O What is six sigma?

O What is a shift in quality paradigm?
CONCEPTS COVERED ‘;: O How do we recognize difference between
3 sigma and 6 sigma?

O What is DPMO (Defects per Million
Opportunities)?

O How do we calculate Sigma level?

=00

Now, in this particular say lecture 4, we will focus on the couple of concepts like what is
six sigma? What is the shift in quality paradigm? How do we recognize difference between
3 sigma and 6 Sigma? What is DPMO — Defects Per Million Opportunities? And how do

we really calculate sigma level in practice?
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“Six Sigma is a problem-solving technology
that uses human assets, data, measurements
and statistics to identify the vital few factors
to decrease waste and defects while
increasing customer satisfaction, profit and

shareholder value."

So, six sigma is a problem-solving technology as | mentioned it is a philosophy, it is a
compass of tools and techniques for analyzing the situation, reducing the variability. And
typically this uses the data, assets, measurements, assets maybe human assets, physical
assets; and typically statistics to identify the vital few factors which are really causing the

problem and focus is on decreasing the waste and variability.
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Six Sigma as a Philosophy
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Now, if you see this diagram, then the idea would be say pretty much clear that when we

look at the old belief, people use to believe that high quality means high cost; if you want



better quality, you have to spend more; but this is now no more a fact, we believe that high
quality means low cost. You can even you can read couple of good books from Crosby
like Quality is Free, the Quality without tears. And you will find that higher quality,
basically helps you to reduce your appraisal cost by spending little more on prevention,

and higher quality is at low cost.

So, if you see this second diagram with the new belief, then when we move our process
from 4s to 5s to 6s, you will see that every time your prevention and appraisal cost typically
depicted by this particular curve is shifting at the lower end. And with respect to quality
you are able to achieve better tradeoff between internal and external cost, and the
prevention and appraisal cost. So, as you are reducing the variability, improving your

processes as you are advancing to higher sigma level; your total cost comes down.
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So, to achieve Six Sigma a process must not produce anything more than 3.4 defects per
million opportunity. So, you can see that such a stringent target we are trying to achieve
through a systematic process of DMAIC as a part of six sigma. And this means that Six
Sigma concept means, 99.99966 percent probability that 3.4 defects per million
opportunity can only occur. So, this is exactly where the companies they are trying to set
the benchmark by achieving extremely low defect rate. Hence reducing scrap, rework and
another way | will say that producing better and better A grade quality products which can

exchange better value to the customers.
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What is Six Sigma?
+ Tool box of quality and management tools for problem resolution
+ An organized process for structured analysis of data

+ A business philosophy continuous improvement.

+ Six Sigma is used to reduce product and process variation.

+ The statistical representation of Six Sigma describes quantitatively how
process is performing.

+ Methodology to improve the key processes.

So, as we mentioned couple of times that Six Sigma is typically a tool box of quality and
management tools for problem resolution. Organized process for structured analysis of the
data. Business philosophy for continuous improvement, and it is used to reduce the product
and process variability. And typically, the use of statistics is emphasized to see that we do

not only bring the improvement once, but we can also sustain the improvements.
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Six Sigma Qualifiers
+ For implementing 6a, company should be open to change

« Earlier, Plan Do Check Analysis (PDCA) approach was employed to achieve
Six Sigma objectives. However, such approach only analyze the process but

not offer any improvement.

+ In order to tackle this difficulty, DMAIC (Define Measure Analyze and

Control) is used to accomplish Six sigma Objective

There are certain Six Sigma qualifiers we cannot just implement the Six Sigma without
setting a prerequisite in the organization. So, typically for implementing Six Sigma, the



most important thing that company should be open to change; you must have open minded
top management, you must have workers with very least resistance to change, and you
must have a culture of arguing, accepting, debating and working continuously towards
better and better quality standards.

So, previously if you see, then Plan Do Check and Analyze this was the approach which
was well known, companies they have used to achieve the sigma level, improvement in
the sigma level or Six Sigma. But this approach was not very much workable typically,
because it was not focusing much on the improvement part and more on the analyze part.
So, then subsequently this DMAIC approach was developed typically with Define
Measure Analyze Improve and Control, and this is typically used as the central approach

in achieving the Six Sigma for the given process or the function in the organization.
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How quality is measured in Six Sigma ?

Fundamental and novel definition of Quality is DEFECT.

Anything that dissatisfies the

customer

So, how quality is measured in Six Sigma? So, fundamental definition is quality is
DEFECT. So, if you can get rid of defect, minimize defect, you are improving on quality.
So, anything which dissatisfies the customer is not acceptable as a part of say customer
requirement, as a part of product design, this is not acceptable. And we should try to see
that defect rate in terms of wrong customer requirement, assessment or producing the

products which is not meeting the specification should be avoided.
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Six Sigma for Industries
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Now, if you see this Six Sigma for industries, then you will really be surprised to see that
if you are 1 sigma then your PPM defect rate parts per million is almost 690000 its huge
and more than 40 percent, cost is associated with poor quality. So, if you are living with
this standard, it is better to close the business; because you are highly non-competitive and
your business cannot survive. If a little bit say improve upon sigma 2 sigma, then it will
say be 308537, but still caused because of poor quality is in percentage 30 to 40 percent.
3 sigma again it is high 20 to 30 percent typically this is called as industry average, but |
will not say this is the excellence or the ultimate quality level which a world-class

companies looking for.

So, now if we go further, and let us say strive through DMAIC improvement in the sigma
level, then 4 sigma means 6210 defects parts per million 15 to 20 percent. 5 sigma further
reduction and 6 sigma is at the top which is only 3.4 parts per million defective less than
1 percent defect or less than 1 percent say cost of poor quality because of defects. So, this
is something where world-class standard companies are trying to achieve and it is very

much possible through a systematic approach of Six Sigma.
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99% Just isn’t Good Enough

Why Should We Measure?

99% defect rate 99.99966% defect rate
At least 200,000 wrong drug prescriptions each year 68 wrong drug prescriptions each year
Two short or long landings at major airports each day One short of long landings at major airports each day
5000 incorrect surgical procedures every week 1.7 incorrect surgical procedures every week
Twenty-thousand articles of mail lost per hour Seven articles of mail lost per hour
Unsafe drinking water for almost fifteen minutes each day | One unsafe minutes every seven month
No electricity for almost seven hours each month No electricity for almost seven hours every five years

I Three sigma capability (93.32%) Historical Standard I

I Four sigma capability (99.38%) Current Standard I

| Sixsigma capabilty (99.99966%)  New Standard |
B
k @ ) £ s % y

Now, just to bring more insights into this concept of Six Sigma, and just to sensitize you

that what happens if you are operating let us say at 99 percent defect rate, and if you are
operating at 99.9996 percent defect rate, you may say that there is hardly much difference;
99 percent and 99.99966 percent more or less same, but let us just try to evaluate it, and

what could be the consequences.

So, if you see at least when 2 lakh wrong drug prescription each year, if you are operating
at 99 percent defect rate; and if you increase your sigma level means achieve the better
quality, then only 68 wrong drug prescription each year. Huge difference and you do not
think in terms of only the drug prescription, but there is a loss of human health and societal
cost by writing wrong prescriptions in such a high number. Let us see another thing. Too
short or long landing at major airport each day, even one accident can cause death of
hundreds of the people; here too short or long landing at major airports each day. Just see

this goes half, one short or long landing at major airport each day.

Another example, 5000 incorrect surgical procedures every year; if you are operating just
at little lower standard, then 5000 incorrect surgical procedures. You look at the Six Sigma,
1.7 incorrect surgical procedure every week. So, there is a huge difference and you really
get excited, you really get say fascinated to opt for Six Sigma journey when you see such

a huge difference typically in the critical processes.



Similarly, we can say that twenty-thousand articles of mail lost per hour; here it is seven
articles of mail lost per hour. Similar way unsafe drinking water for almost fifteen minutes
each day, and if you are at Six Sigma one unsafe minute every month, every seven month
and this is such a low defect rate. So, likewise electricity also | have compared, and you
can see that three sigma is 93.32 percent, four sigma is 99.38 percent and Six Sigma is
99.9996 percent.

So, basically we are trying to see that how you can move in your journey from 2 sigma to
3 sigma to 4 sigma and then 6 sigma. So, please remember that it is a journey, and Six
Sigma is not like a wrapper which you can put on the chocolate and you will get something
outstanding quality. If your processes are at 2 sigma or 3 sigma, you should set the realistic
benchmark, realistic milestone, and then strive for achieving that higher sigma level again
from that you investigate; identify the root causes and once again move to the higher sigma

level.
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THE 6-SIGMA GOALS
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So, typically there are Six Sigma goals like defect reduction, yield improvement. The
moment you will reduce the defect your resources will be saved, and your raw material
utilization will also improve, manpower utilization will improve, your yield will improve.
Client satisfaction obviously, when | am providing A grade products or services with very

less defect rate, | have a better control over cost as well as the quality and my customer



satisfaction enhances, and obviously as a result of these your company can improve the

profits, maximize the profits, enhance the sustainability.

(Refer Slide Time: 15:29)

~  Define Mission and Vision
*  Create Strategy

" = Classify Core Processes and Enabling Processes
*  Prioritize Focus Based on Strategy

*  Map Key Processes

*  Determine VOC (Voice of Customer), VOB (Voice
of Business), VOE (Voice of Employee)
Requirements

~  Establish Indicators

~  Establish Measurement Systems
*  Determine Baselines and Targets
*  Characterize Gaps

, * Administrate PCS

*  Measure
m * Analyze

* Improve
= Control

So, typically we say in Six Sigma that identify core processes; so you define your mission
and vision statement, your strategy, classify core processes and enabling processes,
prioritize focus based on strategy. Second is establish process control system, so you can
map your key processes, determine voice of customer, voice of business, voice of

employee requirement, establish indicators, subsequently identify performance gap.

You are operating in an industry, maybe let us say petroleum, maybe in service or maybe
let us say manufacturing typically, you have your competitors assessment and use this to
identify the performance gaps. Apply MAIC that is Measure Analyze Improve and
Control, and this will help you not only to investigate the root causes, identify the reasons
to address them, it will also help you to set the appropriate measure, control and sustain

your proposed improvements.
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DMAIC (Define Measure Analyze and Control)

DEFINE
Set project goals and objectives

MEASURE
Narrow range of potential causes and establish baseline
capability level

ANALYZE
Evaluate data/information for trends, patterns, causal
relationships and “root causes”

IMPROVE
Develop, implement and evaluate solutions targeted at
identified root causes

CONTROL
Make sure problem stays fixed and new methods can be
furt_er improved over time

Control

Improve

So, typically this keeps on rotating in the form of DMAIC - Define Measure Analyze
Improve and Control. So, define means set project goals and objective. Measure means
narrow range of potential causes and establish baseline capability level. Analyze evaluate
data information of trends, patterns, causal relationship, root causes I am | am trying to dig
out, so that is the analysis part. Improve, so develop implement, evaluate solutions targeted
at identified root causes. And control that we make sure problem stays fixed and new

methods can further improve over time.
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RESULTS FROM SIX SIGMA
IMPLEMENTATIONS

How Six Sigma is Implemented and Applied Will Determine the Results




So, typically just see that when you are implementing Six Sigma. And if I just try to
visualize the Six Sigma implementation in the form of let us say normal distribution, then
the colour which you see here; this is your pink colour, this is the excellent region and it
means that if your Six Sigma can result into sum in percentage monetary or maybe in terms
of defect rate this particular result, then your implementation is successful and

subsequently the benefits can be sustained.
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After Implementing 60

FACTOR INFERIOR BELOW AVERAGE |  ABOVE AVERAGE
Average Level of Unknown or less than [May be knownand  [Known and 40% to
Improvement per 30% 30% to 40% 60%

Project

Average Finandial Generally not Not well defined and |Defined, tracked and

Results per Project  |quantifiable less than an average of {average around $100K

S40K per project per project

Organizational Little ornoimpact on |More frequent use of |Trend or movement

Approach/Culture  |the behaviorof the  [data, butinisolated  [towards the use of

Change ogranization cases analytical methods
and data oriented
decisions
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Now, just see that when | say after implementing Six Sigma, how do we analyze it. So,
average level of improvement per project; suppose it is unknown or less than 30 percent
typically your column 1, it is said inferior. Suppose, it is known and 30 percent to 40
percent, it is still below average. If it is 40 to 60 percent, it is above average; and it would

be excellent if it is known and greater than 60 percent.

So, I am investing huge amount of time, resources, money, top management is committing,
S0 it is necessary for me to see that Six Sigma can really give me tangible benefit in terms
of profitability, in terms of reduction in cost. And if this improvement is more than 60
percent, then I am successful in my implementation. Similar way, you can see the financial
part that generally not quantifiable if your implementation is not adequate, if it is inferior.
Below average not well defined or it is less than 40 K dollar 40000 dollar, then it is below

average. And if it is around 100 K 100000 dollar per project, then I will say that my Six



Sigma implementation is yielding above average result. And if it is more than 150 K dollar,

then it is excellent.

So, similar way you can see another intangible aspect that is organizational approach and
cultural change. So, Six Sigma remember is a methodology, it is a philosophy basically it
not only helps you to improve the quality of the processes by reducing variability, but it
continuously put the organization under a process of improvement, refinement in terms of
its attitude, organizational culture, their passion for quality, learning through team and this
component is extremely important to realize in order to see the benefit long lasting as well

as implementation of Six Sigma with a greater is in other processes also.

So, if you can see that there is little impact on organizational culture, than my Six Sigma
implementation is inferior. If | can say more frequent use of data, but in isolated case still
it is below average. Above average trend or movement towards use of analytical methods,
people are motivated they want to use the analytical approach logical approach, discuss
with each other work in team. And finally, I will say that my Six Sigma implementation is

bringing excellence result, if it becomes a way of thinking and passion for the work.
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Six Sigma Variation Reduction

Process Variation Should be Less Than Specifications
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So, we can very well see through this diagram that what is the variation reduction and how
Six Sigma basically helps us to achieve this. So, you can see that there is a region of
consumer complaint, and the moment you go out of your specification limit; either upper

specification or lower specification, you will find that your products or services are not



performing well. Suppose, | commit as a say a restaurant to deliver my order within 30
minutes; and if it is delivered in 1 hour, the food is now no more say delicious to consume,
it has become cold, then my customer would not like if 1 am crossing this specification

limit.

So, you have specification limit and you are operating with a particular say bell shaped,
inverse bell shaped curve. And you can see that if the variability is high, then there is a
possibility then your process may get shifted and you will be producing more defects;
means producing product or services not meeting the customer expectation, but you can
see the green region, and you will see that if I can bring my variability very close to

nominal value, then basically I am producing A grade services and products.
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Six Sigma System

Improving Profitability
A 1 Sigma Improvement Yields.....

* 20% margin improvement

+ 12 to 18% increase in capacity

* 12% reduction in number of employees
+ 10 to 30% reduction in capital

Source: Six Sigma - Harry & Schroeder
iR swayan JECE

So, Six Sigma is a system for improving profitability. And just see that one sigma
improvement from your present status can yield 20 percent margin improvement. 12 to 18
percent increase in capacity. You can better utilize the capacity, 12 percent reduction in
number of employees, please do not miss understand that Six Sigma should be used as a
strategy to give layouts to the people; we want to utilize the people for better purpose, | do
not want my people simply to waste the time on rework or say inspection, but rather they
can be utilized in better function where their competency can really bring value for the
company. 10 to 30 percent reduction in capital, and these are some of the public results

which really motivates the companies opt for Six Sigma.
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3 Sigma Vs 6 Sigma

6 Sigma curve
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Now, this is something very very important that 3 Sigma and 6 Sigma. And please
remember this slide throughout the course, many a time student they make a mistake when
we ask that what is the difference between 3 sigma and 6 Sigma; they will say 3 sigma
means small, 6 Sigma means large, this is a big cross wrong. Please understand 6 Sigma
is about reducing variability and making your process is more centric to mean value, target

value, when you achieve these you can see here that 6 Sigma curve is more centric towards

the mean value, variability is lock where as 3 sigma is widely spread it.

Now, if you see this both the process is three sigma and 6 Sigma, then they both are within
the specification limit lower specification and upper specification, but you can just see if
there is a small shift in 3 sigma process, immediately you will start producing defective
products or services; whether it is crossing lower specification or upper specification, but
in case of 6 Sigma there is a huge band available. Even if there is a shift because of certain
reason, maybe beyond your control, even if there is a shift in mean you will find that your
processes are well within the specification limit, and probability of producing defective

items is very very less.
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In a 3 sigma process the values are widely spread along
the center line, showing the higher variation of the
process. Whereas in a 6 Sigma process, the values are
closer to the center line showing less variation in the
process.

So, 3 sigma process the values are widely spread along the centre line, as | have shown.
And the higher variation of the process is typically a problem, this we are able to reduce

in case of 6 Sigma.
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3 Sigma Vs 6 Sigma

»The process in which the process spread of Six Sigma (i.e. 3 Sigma on either
side just fits within the specifications). In this case one must be extremely
careful to ensure that the process average never slips off the target,

otherwise the curve will shift and non-conforming items will increase.

»With Six Sigma requirement the process mean can shift by as much as 1.5

So, this is exactly what | explained. And you can see the remark put in underline that even
if there is a shift of 1 sigma 1.5 sigma, then also | would and if | am operating with 6
Sigma, | would not be producing say defective products, but this become very much
evident in case of say 3 sigma. In 6 Sigma, the defectives produced with 1.5 sigma shift is



just 3.4 non-conforming items per million, and this is almost close to 0; and this shows
that we can achieve almost 0 defect through 6 Sigma.
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So, this is exactly explained that your process may shift towards right or left with 1.5 sigma
and still you are well within the specification limit, and you are producing the A grade
products and services.
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11989 Bill Smith defined
Six Sigma as...

“Organized common sense.”

So, in 1989 Bill Smith defined Six Sigma as organized common sense. So, it is a systematic

approach as | am telling you repeatedly through DMAIC cycle and it is an organized



common sense to identify the root cause, identify the appropriate solution, control it and
then sustain it.

(Refer Slide Time: 26:57)

Six Sigma: Saving Categories

1. Cost Reduction (including cost at standard
and costs not included in standard cost)

2. Cost Avoidance (can be difficult to
document)

3. Inventory Reduction

4. Revenue Enhancement

Receivables Reduction

Six Sigma can bring enormous benefits in terms of cost reduction, avoidance sometimes,

inventory reduction, revenue enhancement and receivable reduction.
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Perspective
Lean Six Sigma

+ Performance Standard
* 3.4 defect per Million
* Fundamental Change

* Processes

* Product

* Culture

So, typically it is a radical change. You can drastically improve your sick let say defect,
overall defect rate by improving your sigma level.
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Lean Six Sigma: What are we

looking for?
High Accuracy Low Accuracy High Accuracy Low Accuracy
High Precision High Precision Low Precision Low Precision

And if you see this particular representation, then it is high accuracy, high precision; low
accuracy, high precision; high accuracy, low precision; low accuracy, low precision;
obviously, I would like my processes to achieve high accuracy and high precision, it means
I should be close to target and my overall reading should also fall within a particular say

closeness, so that | can achieve high precision high accuracy.
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Basic Metrics

+ Sigma level

+ Capability (C, and Cy)

+ Defective Parts per Million (PPM)

+ Defective vs. Defects

« Defects per Million Opportunities (DPMO)
+ Rolled Throughput Yield (RTY)

+ Typical Lena Metrics

+ Cost of Poor Quality



There are basic matrix which we will discuss over a period of time. Sigma, capability C p
and C pk, defective parts per million, defective versus defects, then DPMO role throughput

yield, typical lean metrics, cost of poor quality and so on.
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Why Should We Measure?
Good Place to Start

So, typically you can see that why should we measure? And good place to start. So, we
typically use z score, we will see later on. And normal distribution to judge my sigma level

and 1 sigma or 1.5 sigma shift, it may take place as the processes are under the operation.
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Defective vs. Defects

+ Defective: An item that always contains at least one defect and may contain

more defects.
« Defect: A characteristic that makes the process output defective.

+ Example: A defective toaster can contain many individual defects

Defective Output ﬁ Defects > 1




So, there are some basic terminology | would like to introduce, one is defective, another
is defect. So, an item that always contains at least one defect and may contain more defect,
it is typically called defective. Defect means a characteristic that makes the process output
defective. And you may say that a defective is basically faulty product because of one
defect or more defect.
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Basic Metrics

So, Six Sigma matrix and measurement let us just try to little bit focus on couple of matrix
PPM is defects Parts Per Million. And I can measure PPM as defectives divided by total
sample into 1000000 that is basically 10 lakh, and this is how | measure.
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Basic Metrics

DPMO

+ DPMO=Defects per Million Opportunities

* DPMO s sensitive to the occurrence of defects

+ DPMO provides a stable measure to gauge process
performance.

* DPMO is driven solely by defect quantity.
« DPMO = Number of defects

Number of opportunities X 1,000,000

Second is DPMO. So, Defects Per Million Opportunity and this is sensitive to the
occurrence of the defects. So, DPMO typically provides a stable measure to gauge process
performance. And it is the ratio of number of defects divided by number of opportunity
into 10 lakh, and this measure can really help us to identify the sigma level of my process.
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The Sigma Capability

i ilr2es L
1 | What process do you want to consider?

2 | How many units were put through the process?

3 | Of the units that went into the process, how many came out
oK?

4 | Compute the yvield for the process defined =(Step 3)/(Step 2) 0.8870

5 | Compute the defective rate =1+(Step d) 0113

6 | Determine the number of potential things that could make | =N(CTQs) or Dos u©
bill defective. Defect Opportunities

7 | Compute the defectives rate per CTQ =[Step 5)/(Step 6) 0.0047

8 | Compute the defects per million opportunities (OPMO) =(Step 7) X 1,000,000 4,709

9 | Convert the DPMO (Step 8) into a sigma value, using the
Sigma conversion chart

Let us just take a simple example, and the process here is billing, I want to figure out that
what is the sigma level of this particular process. So, the question | am asking what process
do you want to considered? So, the answer is billing. How many units were put through



the process? So, 1283. Of the unit that went into process, how many came out ok? So,
1138. Compute the yield for the process defined? So, | just take the ratio of step 3 then 2,

so it comes out to be 0.8870. Compute the defective rate? 1 minus step 4, so 0.113.

Determine the number of potential things that could make bill defective? So, let us say my
CTQ NCTQ is 24. Compute the defective rate per CTQ? So, obviously I will take the ratio
of step 5 and step 6; this comes out to be 0.0047. And eight compute the defect per million
opportunity? So, this would be say step 7 into 10 lakh that is 4709, and this I can relate
with sigma level from a particular table I will show you, and this corresponds to 4.1.
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Six Sigma Conversion Table

YIELD (%)) OPMO SIGMA YIELD (%) DPMO SIGMA
668 90 0.000 95.99| 40100 3,250

s | o .| 2mo| 350
15.87 | 841300 0,50 98.78 12200 3.750
ne| ™| om0 99.38| 6200  4.000
20:63 {130 {1 080 %7 00| 42%
4013 598700 1.2%

99.87 1300 4,500
99.94 600 4.75%
99.977 230 5.000

) 90981 1%0]  52%
U 250 99,997 30 5.500
vl w0l amol | W] 167] 5750
9332 66800 99.99966 34| 6,000

So, just see this table and you will get an idea. | have DPMO, let us say in the previous
one | computed, my DPMO is 4709. And if you see here, then the corresponding sigma
level will be somewhere in between DPMO 3000 and 6200.
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Example

* An airline wishes to measure the effectiveness of its baggage handling system.
A DPU measure might be lost bags per customer. However, customer may have
different number of bags; thus, the total number of opportunities for error is
the average number of bags per customer times the number of customers.

* If the average number of bags per customer is 1.6, and the airline recorded 3
lost bags for 8000 passengers in one month, then there are (8,000)(1.6)
opportunities for error, and

* DPMO = 3/[(8000)(1.6)] X 1,000,000 = 234.375 (equivalent to 5 Sigma)

* Use of DPMO allows us to define quality broadly.

So, say it would be somewhere around say, it would be somewhere around 4.1 sigma, so
this is how we compute the sigma. And | would like to add one more example, we are all
aware that airlines many a times they miss handle our baggage, and there is a loss of
baggage also. So, and airline wishes to measure the effectiveness of its baggage handling
system. A DPU measure might be lost bags per customer, and customer may have different
number of bags. So, the total number of opportunities for error is the average number of

bags per customer times the number of customers.

So, let us say if the average number of bags per customer is 1.6, and the airline recorded 3
lost bags for 8000 passengers in 1 month, then there are 8000 into 1.6 opportunities for

error.
DPMO = 3/[(8000)(1.6)] X 1,000,000 = 234.375 (equivalent to 5 Sigma)
So, knowing the present sigma level can definitely help me to strive for the higher one.

Before I close the session, | just want to float couple of questions this will help you even
to have a quick brush up of the concepts we have discussed, and internalize the concepts
better.
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. What is Six Sigma?
2. Why 3 Sigma is not adequate for achieving excellence?

3. What s the key difference between 3 Sigma and 6 Sigma?

4. What are prerequisite for implementing 6 sigma in an organization?

5. How do we calculate DPMO and what is its relation with Sigma level?

So, what is Six Sigma? Why 3 sigma is not adequate in today’s competition for achieving
excellence? What is the key difference between 3 sigma and 6 Sigma? Again cautioning
you, please do not make a mistake. What are the prerequisite for implementing 6 Sigma is
an organization? Organization cannot implement 6 Sigma just like that they must have
open and deadness. How do we calculate DPMO and what is its relation with the sigma

level?

(Refer Slide Time: 34:02)

References:

QO Mitra, Amitava, Fundamentals of Quality Control and Improvement, 3rd
edition, Wiley India Pvt Ltd.

O Evans, J R and W M Lindsay, An Introduction to Six Sigma and Process
Improvement, CENGAGE Learning, 3rd Indian reprint.

O Mitra, Amitava, Fundamentals of Quality Control and Improvement, 3rd
edition, Wiley India Pvt Ltd,

O Roderick A. Munro and Govindarajan Ramu and Daniel J. Zrymiak, The
certified six sigma Green Belt Handbook, Second Edition, ASQ Quality Press and
Infotech Standards India Pvt. Ltd,




So, these are couple of things we have discussed. For greater detail you can see this
references Mitra, Evans by introduction to Six Sigma and Fundamentals to Quality,

Roderick and so on.
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Conclusion:

* Variation is the enemy.

+ To achieve Six Sigma, a process must not produce
more than 3.4 defects per million opportunities.

+ DPMO helps to calculate the sigma level.

So, the conclusion is that variation is the enemy. If you want to achieve Six Sigma, a
process must not produce anything more than 3.4 defects per million opportunity and

DPMO helps to calculate the sigma level.

So, with this thank you very much for your patience; and interest in learning this particular
course. Please revise the concepts. And we will continue with the concepts principles and

focus area as part — 2 in the next lecture.



