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Lecture — 05
Six Sigma Principle and Focus Areas (Part 2)

Hello friends | am Dr. Jitesh Thakkar, | once again welcome you to our journey of Six
Sigma and we are in this lecture 5 discussing Six Sigma Principles and Focus Areas part
2. Already we have seen some of the important concepts in the last lecture as part 1 and
this time we will try to go deeper into some Six Sigma principles and the focus areas.
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Recap

* Prerequisite for implementing Six Sigma
* Difference between 3 sigma and 6 sigma
* DPMO calculation

* Calculating Sigma level

So, before we proceed further let us just see that what we have discussed last time, we
have talked about some of the prerequisites that an organization must satisfy to implement
Six Sigma as a process improvement strategy. There is a difference between Three Sigma
and Six Sigma and Six Sigma means reduced variability of the processes and hence my
processes are more centric towards mean. DPMO calculation we have seen defects for
defects for million opportunities and then we have also seen that how we can use DPMO
to find the sigma level for a process. And once we know the sigma level we can set the

benchmark for the necessary improvement.
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Concepts Covered:
O Rolled Throughput Yield (RTY)

Q Classic Yield

CONCEPTS COVERED Q First Pass Yield (FPY)

O What is “Hidden Factory?”
O What are Six Sigma roles and

responsibilities?

Now this particular lecture is very very important and | would like you to appreciate the
concepts like Rolled Throughput Yield RTY, classic yield, First Pass Yield FPY. What is
hidden factory is a very very important thing and many organizations they take pride that
they are producing good products their final rejection rate is very low, but there are certain

serious concerns.

So, that we will see and you cannot implement Six Sigma unless you have the organized
systematic effort and for that we need to appreciate that what are the different roles
responsibilities in Six Sigma.
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Rolled Throughput Yield (RTY)

* Shows the effect of variation on both
rework and scrap.

* REWORK = HIDDEN FACTORY

Now, let us see what is RTY typically called rolled throughput yield. So, this shows the
effect of variation on both rework and scrap, now you see you have produced a product

and this product is checked by the quality inspector has either hold or reject.

Now, if it is reject then; obviously, it will lose its entire processing value and even the
material cost because it is scraped. Suppose let us say this is put under hold and you are
permitted to apply the correction through rework then again you have to put additional
processes, human resource, electricity, power, machines everything to correct your defect.
So, both the way it is a loss to the company and typically rework is called as the hidden
factory. So, unless you appreciate the concept of hidden factory you will never realize the

importance of implementing Six Sigma.
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Why RTY?

* It is used to access the true yield of a
process

* It is probability of one unit completing all
measured steps in a process without
encountering any defects

@

So, why RTY? So, typically it is used to assess the true yield of a process, there is
something which is true yield and there is something which is a pseudo yield. So, many a
times in between you may correct the products your WIP final yield may be very good,
but your RTY rolled throughput yield is very poor.

So, it is the probability of one unit completing all major steps in a process without
encountering any defects. So, if my product is produced after having gone through various
steps and processes where no defect is produced, then I will say my rolled throughput yield
is 100 percent and nowhere there is rework scrap rejection anything.
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Rolled Throughput Yield Described

Step1 Yield (in terms of Available Parts)

m l:: Final Yield 90%
Rework 10 Throughput Yield 80%
Yield (in terms of Available Parts) Step2
%
Final Yield 88.9% ';:: 10
Throughput Yield 77.8% Rework 10
iy L Yield (in terms of Available Parts)
Input 80
Serap 10 Final Yield 87.5%
0 Throughput Yield 5%

Rework 1
1 SWayam @
Let us see a very simple example to appreciate the concept. So, step 1 let us say | have
input 100, scrap 10 and rework 10. So, at the end of this process if | compute the yield my
final yield is 90 percent and throughput yield 80 percent. So, 90 percent because | am
producing 10 as a scrap and this 10 will not at all be there so, 90 percent because | have
initially input 100. So, 90 percent is a final yield at the end of the process 1 or step 1, if |

see throughput yield it is 80 percent because 10 is scrap and 10 is rework. Now if | go to

step 2, 10 components are already discarded scrap.

So, now | am left with 90 again let us say there is scrap of 10, rework of 10 | am ending
with final yield at the end of the step 2 88.9 and throughput yield which is much lesser
77.8 percent. Once again | go to step 3 with 80 as input scrap is 10 rework is 10 and
keeping the constant then final yield is 87.5 percent and throughput yield is 75. So, please
see that every time because of my scrap and rework my RTY rolled throughput yield is

significantly going down.

And what does it mean? We will see it, but in general you can understand it means | would
be spending more resources in satisfying the customer requirement. So, typically this is a
hidden factory which is not visible, but this consumes lot of resources adds to the final

cost of the product and hence makes my product less competitive in the market.
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The Hidden Factory

* Classic Yield,
_ S _ Number Shipped _ Started - Scrapped
"N Number Started Started

A

So, typically this hidden factory | just put it that rework is the hidden factory and classic

yield does not account for rework ok. So, this is something where we are making the
mistake when we count the classic yield we just say fine | produce this much of the good
products. But this does not make sense because ultimately you have input of more
resources in terms of manpower machine everything to produce those many products. So,
a classic yield is S by N very simple, number shipped number started in between whatever
is there, whatever leakages are there that has not been counted. So, started minus scrap
divided by started there is no concern for rework which consumes huge amount of

resources.
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The Hidden Factory

+ Most companies follow the mantra - “Meet Target/Schedule at any cost”

+ The cost of not meeting them appears much higher than incurring additional
costs to stick to time

+ This is due to hidden problems
* Problems that interrupts work flow
* Small hardware of software problems and stoppages
+ Checking and reworking/redoing
* Returning/looping to previous stages

So, hidden factory is the concept basically the most companies they follow the mantra
need target schedule at any cost. So, my customer should receive the consignment, but you
cannot just keep doing these at the cost of enormous amount of rework you are producing
within the factory. So, the cost of not meeting them appears much higher, then increasing

additional cost to stick to time and this is mainly due to hidden problems.

So, when you really look at the tip of the iceberg things are not visible, there are many
things which are within the water level and that basically interrupts the workflow smaller
small hardware of software problems and stoppages then checking and reworking, redoing,

rerunning, looping to previous stages and likewise there is a and lot of loss.
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Classic Yield

+ Example:
Total transactions =100
Total Defective - 5, Out of these - 4 reworked
% Rejection - 1%
Step yield =99%

+ To make 100 as input to next step, One additional part is made

Classic yield basically total inspection is 100, total defective 5 out of these 4 are reworked.
Percentage rejection; obviously, because | rework 4, 1 percent and it is 99 percent that is
the classic yield, but as I mentioned classic yield ignores the amount of resources invested
in rework and hence classic yield gives me the false satisfaction about the productivity of
my manufacturing or service system and | am ignoring one of the very important element

which is the hidden factory.
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Final Rejection = 3.
Final yield shows higher value.




So, let us say | have process which typically includes 1, 2 and 3 steps and quantity in is
100 every time for each step let us say in first step there are 5 defectives, second step 3,
third step 2, defectives have corrected in step 1 are 4, step to 2, 2 step 3, 1. So, finally, the
column says that outcome all cases 99, 99, 99; my step yield is 0.99, 0.99, 0.99 and my

classic yield is just the multiplication of these 0.97.

So, I would be happy that my final reject is only 3 my classic yield is 99 percent, but this
IS not the real story because there is huge amount of resources invested in correcting the

error.
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Although, final yield
measures process
performance,
It does not expose HIDDEN
FACTORY

So, although final yield measures the process performance it does not expose the hidden

factory which is within the factory itself and we are not able to appreciate it.
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Classic Yield

+ The % defective is only 3% since output is checked and reworked at every stage
in the ‘Hidden Factory’.

+ Let us say there are three critical to quality characteristics for this product-
customers’ requirements

* Total length

* 0.0.

* Bore I.D.

* The sigma value for this product is calculated as follows,

* Final yield = 97% Opportunities = 3

* Defective rate = 0.03 Defective rate per opportunity = 0,01
* DPMO = 10,000 Sigma level =3.79

i
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So, typically classic yield percent defective is only 3 percent since the output is checked
and reworked and let us say there are 3 critical to quality characteristics for this product,
customer requirement, maybe total length of OD Outer Diameter, bore ID Inner Diameter.
And the sigma value for this product we can calculate has final yield 97 percent because
there is 3 percent defective. Defective rate 0.03; obviously, DPMO it is 10000, opportunity
is 3 defective rate per opportunities is 0.01 and from that table we discuss last time you
can computed the sigma level this is 3.79. But if you really count RTY rolled throughput
yield you realize that this sigma level is just a false indicator based on classic yield it is

giving me the wrong picture of my efficiency, quality in the company.
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First Pass Yield

First pass yield is the probability that all CTQ opportunities produced at a
particular step in the process will conform to their respective standards.

+ Example: Total parts input = 100

— Process A T+  Process B M»  Process C e 97
Rework 4 Rework 2 Rowork 1
Scrap 1 Scrap 1 Scrap 1

A
Now, let us see there is first past yield FPY. Now here | have considered three processes
process A, process B, process C and there is a rework of 4 scrap of 1, rework of 2 scrap of
1 and process C rework of 1’s scrap of 1. | am considering total input as 100 everywhere
you can see that 95 divided by 100 because 4 rework and 1 scrap. So, | am counting now
not only 1, I am counting 4 plus 1 and deducting this 5 from 100. So, 95 by 100 multiplied
by second stage because 1 is scraped | am getting 99 as the input in process B. Out of these

99, three fall into rework and scrap category. So, 96 by 99 in similar way process C 96 by
98.

So, multiplication of these three leads to 0.9. So, you can now see that first pass yield is

much lesser than your classic yield.
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Rolled Throughput Yield

« Lets take another example:

+ |f THREE steps are required for final output and their FPYs are as follows,

Step no, First pass yield %
1 84
2 92
3 96

+ The rolled throughput yield of this process is

)

+ 0.84x0.92x0.96 = 0.7418 or 74% 2

A

Now, if we go to another concept which is very much promising that is rolled throughput

yield then step 1, my first pass yield let us say is 84 percent, step 2, my first pass yield is
let us say 92 percent and in step 3 it is 96 percent. If | just multiply this then it results in
74 percent rolled throughput yield.
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The Hidden Workplace

+ The extent of hidden work is given by

+ Extra resources required =1 -V,

+ For Y, = (.74, 26% is excess resources
+ Total resources = 1+(1-0.74) = 1.26

+ As against 1 required for satisfying customer.

So, here there is a catch and the catch is like this, my role throughput yield is 74 percent it
means 0.74, if | just abstract this from 1 | will get 0.26 that is 26 percent basically this is



the excess resource | will be consuming to correct my products and to improve upon my

classic yield.

So, you can say more technically that 1.26 times | am utilizing more resources in order to
satisfy my customer. So, customer satisfaction is there, but | am utilizing more resources
which is typically a hidden factory can get exposed through your RTY role throughput
yield.
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e Yield (V) = 84% BIOE
VR 0,84 0,92 0.96 = 0.7418 or 74%
N\
m Receiving Inspection
o Yield (V) = 92%
—
Recelving Inspection
318 Yield (Yrp) = 96%

A ‘
So, to better make you appreciate the concept I will just put here the picture of leaking
bucket, everywhere there is a leakage means scrap, rework, and let us say receiving
inspection yield YTP at bucket 1 is 84 percent; bucket 2, 92 percent bucket 3, it is 96

percent. When | multiply these three that is my YRT rolled throughput yield it comes out
to be only 74 percent.
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Calculating RTY

+ Enter these into Excel...
..subtract each from 1 to get the dpu...
..sum the dpu...
then take the negative natural log.

+ Excel command = exp()

é

So, a there is another way to even calculate RTY which is much simplify simplified version

and if we continue with the same example 0.84, 0.99 and 0.96 as the yields then you can

use the excel function command exponential and you can just find the e =928,
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DPU Calculated

Yield DPU

084 0.16

092 008

096 004 RTY
Total DPU 028 7028 = 7550

+ Compare the result with the original calculation.
Yar = 0.84 X 0,92 X 0.96 = 74.18%

« e~ provides a good approximation!

So, here yield is 0.84, same example | am continuing 0.92, 0.96 just 1 minus 0.84 is point
DPU, Defects Per Unit. So, | got 0.16, 0.08, 0.04 and total DPU is 0.28. If you take the
negative power of e then you will get 75.5 percent and if | just multiply this as per my
regular procedure of finding YRT then this comes out to be 74.18 percent. So, typically



we can say that e~4P% it provides a good approximation and more or less you will get the

same calculated value of TRY rolled throughput yield.
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Rational for e~

* Discrete Probability Distribution

The Poisson distribution is used to describe a situation where the
probability of a defect in a particular unit or area within a unit is
low, but the overall likelihood of a defect is high , the most common
situation in applications,

* The Poisson distribution is defined as
oy = fo)xe™
rl nenumber of trials

p probability of an occurrence
rtotal number of occurrence

So, here there is a rational behind e =% we have not yet discuss the statistical concepts in
detail, but here just | would like to say give you some glimpses that why e =% gives me
more or less same rolled throughput yield. So, here there is a probability distribution,
discrete distribution and typically Poisson distribution is used to describe the situation
where the probability of a defect in a particular unit or area within a unit is low, but the
overall likelihood of a defect is high.

So, the most common situation in application, and | can compute using the expression

typically probability distribution function of Poisson distribution Y = , nis the

(np)"xe P
r!

number of trial p is the probability of occurrence and r is the total number of occurrence.
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Rational for e~%"

(dpu)"x e~
=

If r(number of occurrence)= “0" (no defect in the product)= 100% yield,
then “0” can be substituted for r.

Y= e“"’“\

If defects per unit is known, RTY can be calculated

(dpu)" xe~4Pu
r!

So, I can just little bit say do substitution and Y = So, suppose if r is number
of occurrence that is O it means no defects in the products isn’t it, then my yield is 100
percent. So, then 0 can be substituted for r and you will. So, 0 factorial would be 1 and if

you if you put this r then your first term will also become 1.

So, you will get e~P% , So, defect per for unit is known RTY rolled throughput yield can
be calculated.
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Rational for e~%"

+ Because Defect per unit (dpu) can be described as:

* Number of defects per the number of units

* Number of units* the probability of a defect in any unit
+ Defect Per Unit (dpu) can be substituted for np

(dpu)”x e~4P4
e bR
r!



So, this is typically the rational behind e~P* and that will help you to compute more or
less say very close a number of our rolled throughput yield which you can calculate

otherwise.
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Rational for e~%"

+ Based on the Poisson distribution

Y =g9p
+ “e”isaconstant 2.7182818....
+ The natural log(In) of this constant is 1

+ Thus, if we know the number of defects per unit we can calculate RTY

So, this is something that just try elaborated.
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Effect of Complexity on RTY

+ As steps are added to a process, it becomes more complex

« For a constant FPY a each step, RTY decreases as complexity

increases.

Joe

;

So, effect of complexity on RTY, now just think that my particular process may include n
number of steps whatever we have seen so far we just considered three steps and then also



we have seen that there is a significant effect on my rolled throughput yield and my hidden

factory.

So, if you just try to relate the number of steps and rolled throughput yield, you would
really be surprised to see that my first pass yield in this table.
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Effect of Complexity on RTY

Number of Steps FpY

09 0.95 099 0.999
1 0.900 0950 0.990 0.999
2 0.810 0903 0.980 0.998
3 0.729 0.857 0970 0.997
4 0.656 0815 0.961 0.9%
5 0.5%0 0.774 0.951 0.995
6 0.531 0.735 0.941 0.994
7 0478 0,698 0932 0.993
8 0430 0.663 0.923 0.992
9 0.387 0,630 0914 0.991
10 0.349 0599 0.904 0.990

Let us say | am considering 4 different FPY first pass yield 0.9, 0.95, 0.99 and 0.999. | am
keeping first pass yield 0.9 or 0.95 same for all let us say steps. So, you will see that here
0.9 into 0.9 will bring 0.810, further you multiply it by 0.9 0.729 and so on. So, every time
when | multiply say because of number of steps my say rolled throughput yield RTY is

going down.

So, let us see how it looks like when | put it in the graphical form.
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How Process Sigma Affects RTY

wl N\ kol |
. 6o | |
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10,000 100,000 1,000,000
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Rolled Through-put Yield
o

Ah just see that number of operations | am demonstrating on x axis and rolled throughput
yield on y axis. So, process is centered on the target let us say, now if | have number of

operations just see on the x axis 1000, 10000 and I have some amount of RTY.

Then typically I would be following Three Sigma or other way round you can say that if
my process is Three Sigma then | would be able to cater the complexity of maybe around
1000 to 10000 operations with set of RTY and my rolled throughput yield would be very
low if I am increasing the number of operations when the process is maintained at Three
Sigma level. If | just shift to higher sigma, 4 sigma you can say that my ability to
accommodate number of operation increases or for the same number of operations my
RTY is higher you can see five sigma and Six Sigma. Six Sigma can accommodate more

than 10 lakh number of operations and despite of these my RTY is almost 100 percent.

So, you can see that what enormous amount of benefits it gives me in terms of efficient
processes producing less rework if | can achieve higher sigma level 5 sigma or Six Sigma
and my rolled throughout yield will improve like anything it means my hidden factory cost

will drastically come down.
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Problem Solving Methodology: DMAIC

|

Phase
Define

et b I_ Phase 2

Measur

Phase 3

Analyze I

Phate &

Improve
I_ Phase 5 I

Control

L

Projects are worked through these 5 main
phases of the Six Sigma methodology.

/ : '?ﬁ.ﬁﬁi‘a‘*

So, this is possible through a systematic approach of DMAIC, Define Measure Analyze

Improve and Control and typically the first three step, they call the process
Characterization and the last two steps they call improve and control they call they are
called Optimization.
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Application
Roadmap

So, we always try to appreciate this DMAIC cycle you can see here the roadmap it is a
continuous journey and | have to keep checking modifying at the design stage, at the



verification stage and then see that once again | can operate the DMAIC cycle for the

process which achieved the better sigma level and further sigma level can be improved.

(Refer Slide Time: 22:40)

L B BN A A R

DMAIC Phases

Phase 1: Define Phase 2; Measure
v Define Project Scope v Define CTQs
v Select Champlon and GBs v Map the process
v Develop team charter ¥ |dentify inputs and outputs
v Estimate $ impact v Develop measurement plan and validate M.
v Get leadership approval S,

¥ Establish baseline sigma

Phase 3: Analyse Phase 4: Improve
v Make C & E Matrix, etc. ¥ Verify critical process inputs
v Develop input ~ output relationship v Optimize critical process inputs
¥ \dentify critical inputs ¥ Reduce variability & compute sigma
v Develop FMEA

Phase 5: Control

v Develop and implement control plan
v Transfer to operations
v Verify financial benefits
v Document process and continuously

i

So, typically my DMAIC phases define, measure, analyze, improve, and control and as |
mentioned define means you believe clear about your project scope, champions,
greenbelts, estimated, dollar impact, leadership, top management support. Measure; define
CTQs, map the process, establish baseline sigma. Analyze, make C and E matrix and other
as say tools to analyze the process, develop FMEA. Improve and finally, has a part of
control develop and implement the control plan transfer to operations, verify financial

benefit and sustain the process.
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Whatisthe | Whatdatais | Whatarethe | Do we have What do we
problem? available? | root causes of the right recommend?
the problem? |  solutions?
What is the Isthe data | Have the root | How will we Is there
scope? accurate? causes been verify the support for
verified? solutions our
work? suggestions?
What key How should | Where should Have the What is our
metric is we stratify the | we focus our | solutions been plan to
important? data? efforts? plioted? Iimplement?
Who are the | What graphs What clues Have we Are results
stakeholders? |  should we have we reduced sustainable?
make? uncovered? variation?

You can also see the same cycle, | am just trying to expose you right at the beginning to
DMAIC steps and what are the issues we are trying to address. So, define what is the
problem? What is the scope? Measure; what data is available? Is the data accurate?
Analyze, what are the root causes? Have the root causes been verified? And so on.
Improve; do we have right solutions? How will we verify the solutions? And finally,
control; how do we recommend? Is their support for suggestion? What is our plan to

improve and so on?
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DEFINE

DMAIC Phase Steps ] Tools Used
D - Define Phase: Define the project goals and customer (internal and
external) deliverables.
Q) Define Customers and v Project Charter
Requirements (CTQs) v Process Flowchart
0 Develop Problem Statement, Goals |¥ SIPOC Diagram
and Benefits v Stakeholder Analysis
Q |dentify Champion, Process Owner |¥" DMAIC Work Breakdown Structure
and Team v CTQ Definitions
Q Define Resources ¥ Voice of the Customer Gathering
U Evaluate Key Organizational Support
U Develop Project Plan and
Milestones
0 Develop High Level Process Map




So, | also put it another way each phase, its objectives and the various tools that we use.
So, define phase we try to define the project goals and customer requirements and
deliverables. So, project charter process, flow charts, SIPOC, than stakeholder analysis,
DMAIC, CTQ voice of customer, measure phase.
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MEASURE

DMAIC Phase Steps ] Tools Used

M - Measure Phase: Measure the process to determine current performance; quantify
the problem.
Q Define Defect, Opportunity, Unit and | Process Flowchart

Metrics v Data Collection Plan/Example
Q Detailed Process Map of Appropriate | v Benchmarking

Areas v Measurement System Analysis/Gage R&R
Q Develop Data Collection Plan v Voice of the Customer Gathering

O Validate the Measurement System | Process Sigma Calculation

Q Collect the Data

O Begin Developing Y=f(x) Relationship

Q Determine Process Capability and
Sigma Baseline

You can say use process flow chart data collection, benchmarking, voice of customer.
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ANALYZE

DMAIC Phase Steps | Tools Used
A - Analyze Phase: Analyze and determine the root cause(s) of the defects.

Q Define Performance Objectives ¥ Histogram

Q Identify Value/Non-Value Added v Pareto Chart
Process Steps v Time Series/Run Chart

O Identify Sources of Variation v Scatter Plot

Q Determine Root Cause(s) v Regression Analysis

Q Determine Vital Few x's, Y=f(x) v Cause and Effect/Fishbone Diagram
Relationship v 5 Whys

v Process Map Review and Analysis
v Statistical Analysis

¥ Hypothesis Testing

¥ Non-Normal Data Analysis

Analyze histogram, Pareto chart, Cause and Effect, hypothesis testing, non normal data

analysis.
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IMPROVE

DMAIC Phase Steps l Tools Used
1= Improve Phase: Improve the process by eliminating defects.

Q Perform Design of Experiments v Brainstorming

{ Develop Potential Solutions v Mistake Proofing

{ Define Operating Tolerances of Potential ~ |v' Design of Experiments
System v Pugh Matrix

() Assess Failure Modes of Potential Solutions |¥' QFD/House of Quality

Q) validate Potential Improvement by Pilot  |v' Failure Modes and Effects
Studies Analysis (FMEA)

{ Correct/Re-Evaluate Potential Solution

Improve; brainstorming, mistake proofing, QFD, FMEA and so on and finally, control.
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CONTROL

DMAIC Phase Steps I Tools Used
C = Control Phase: Control future process performance,
Q Define and Validate Monitoring and Control v Process Sigma Calculation
System v Control Charts (Variable and
O Develop Standards and Procedures Attribute)
O Implement Statistical Process Control v Cost Savings Calculations
O Determine Process Capability v Control Plan
Q Develop Transfer Plan, Handoff to Process Owner
Q Verify Benefits, Cost Savings/Avoidance, Profit
Growth
Q Close Project, Finalize Documentation
QG icate to Business, Celebrate

Process sigma calculation, control chart, control savings calculation, and control plan.
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Define Define
Define the project goals and customer | Define the project goals and customer
(internal and external) deliverables (internal and external) deliverables DMAIC
Measure Measure V
Measure the process to determine the | Measure and determine customer S
current performance needs and specifications DMADV
Analyze Analyze
Analyze and determine the root | Analyze the product or process options
cause(s) of the defect to meet the customer needs
Improve Design
Improve the process by eliminating | Design (detailed) the product or
defects process to meet the customer needs
Control Verify
Control future process performance | Verify the design performance and
ability to meet customer needs

So, this is how | operate there is a small distinction | would like to bring to your notice
that like DMAIC there is DMADV and typically when there is a need for design and verify
my DMAIC cycle would more like operate as DMADYV and this cycle can help me to have

new product development or new process development.
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When to use DMAIC?

The DMAIC methodology, instead of the DMADV
methodology should be used
when a product or process is in existence at your
company but is not meeting customer specification or
is not performing adequately.

So, when to use DMAIC? So, typically you will use DMAIC instead of DMADYV when a
product or process is in existence and your company is struggling with the customer
specifications.



(Refer Slide Time: 25:38)

When to use DMADV?

“ The DMADV methodology, instead of the DMAIC ™.
methodology should be used when:
/ v A product or process is not in existence at your
: company and one needs to be developed
.‘ v The existing product or process exists and has
N been optimized (using either DMAIC or not) and
N still does not meet the level of customer
B specification or six sigma level.

'é

You will use DMADYV typically a product or process is not in existence and you are trying

to develop a new product. So, existing product or process whatever you have and has been

optimize using either DMAIC or not and still does not meet the level of customer

specification or the sigma level.

(Refer Slide Time: 26:02)

Caution!

Why every project is not a Six Sigma
Project?

' - ]
-
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So, there is a caution every project is not a Six Sigma project please remember, after going

through this journey please do not try to boost that whenever there is a problem I should

consider it as a sigma project it is not like that..
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Solve problems by just
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Because sigma project demands investment, long term commitment, money, resources and
we cannot make a mistake in accepting all the projects as the sigma projects. So, just to
sensitize you suppose you look at a particular organization you may have the problems
maybe let us say 300 problems this large number of problems can just be solved by a very
very simple approach Just Do It, that is it that is called JDI. So, solve problem just by
pondering a moment, you think and try to get the solution. Second is let us say some 29
problems still higher in number you apply KKD, KKD is stands for in Japanese term

Keikan Kan and Dokyu.

So, it means experience, intuition, and guts you use your experience and guts to solve the
problem you do not consider them as DMAIC Six Sigma project. Finally, you will see that
when you really know the scrutiny you will end up with only few problems which demands
a systematic approach DMAIC and a rigorous analysis through Six Sigma and hence the

investment of resources.
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So, same thing you can see here that chronic issues priority projects needs to be identified

and you cannot make a mistake in accepting all the projects as the Six Sigma projects.
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7 Our products are at approximately 3.5 sigma (short
term) quality level today.
» Our development cycle times are estimated to be
30 - 50% longer than best - in - class performance.
*, » Engineering spends approximately 40% of it's time
" supporting current products, 20% of which is
design rework.
# Our customer satisfaction index is below our target.

So, just see organizations have various complaints when they are in this zone of average
company our products are at approximately 3.5 sigma; quality level today our development
cycle times are estimated to be 30 to 50 percent longer than best in class performance.
Engineering spans approximately forty percent of its time, supporting current products our
customer satisfaction it is in index is below our target.



So, the answer lies in systematically adopting and implementing Six Sigma and getting rid

of the hidden factory and gradually, continuously, improving the quality level.
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Most Quality Problems Are Designed In

Manufacturing Defect: 20-30%
Designed in Quality Problems: 70 - 80%
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to improve product quality

So, many quality problems are designed in and you can see very well through this graph
that if you can address them at the concept stage your relative cost is least if you go to little
bit higher the cost increases and finally, if it goes from prototyping to production you have

to have enormous cost waste or money wasted and that may not be recovered.

So, this is the main concern that we try to apply Six Sigma right at the engineering stage
which can bring maximum advantage for the companying finally, 1 would like to
emphasize on Six Sigma roles, you cannot implement is Six Sigma without having a Six

Sigma structure or organization.
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And typically you can see that a when you need all employee to understand vision and

apply the concepts there is the structure of people who basically try to see that Six Sigma
project become successful. So, you can see there are project team members, they are part
time, there is green belt. Part time and they basically help the black belts, their preliminary
knowledge green belt, black belt is a high responsibility devote 50 percent to 100 percent
of time to black belt activities facilitate and practice problem solving, train and coach
builds and project teams master back belt they are full time, train and coach black and
green belts and statistical problem solving experts in depth knowledge and there are
champions who are basically the project owner implement solutions and there is executive
support basically they look for the overall vision, direction, integration and lead the

change.
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Results and Time Allocation for 60 Activities
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So, if we also analyze the various roles in terms of percentage of time allocated then just
see that executive maybe 12 to 13 percent project team leader more or less 12 to 13 percent.
Line management little bit higher 25 percent, greenbelt 30 percent, champions 35 percent
black belts they have to spend almost 95 and same is the master black belt. So, black belts
can conduct 3 to 4 projects annually as a rule of thumb an annual benefits for black belt

are expected to exceed 500000 dollar.
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Crosby’s: Quality Maturity Requires a Journey...

¥ Management's
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Y QualityisFree

Just see that Crosby a well known quality say that quality maturity requires the journey.



So, that is why repeatedly | am saying Six Sigma is a journey and you are trying to move
from the stage of uncertainty, to awakening, to enlightenment wisdom uncertainty. So, you
cannot achieve this in one day, but Six Sigma assures you that if you work on the right
project through DMAIC or DMADYV cycle then gradually your level of awareness will
improve and you will advance on the path of your journey for quality and Six Sigma. So,

just before I end | want to post couple of questions for thinking.
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. What is the difference between First Pass Yield (FPY) and Rolled Throughput

Yield (RTY)? What are its consequences on the profitability of the organization?

2. What is “Hidden Factory”? Why is it important for an organization to be critical
on this?

3. What is the difference between DMAIC and DMADV?
4. Why every project is NOT a Six Sigma project?
5. What are the organizational roles and responsibilities in Six Sigma?

6. How implementation of Six-Sigma will vary in manufacturing and serg

organization?

What is the difference between first pass yield and rolled throughput yield? And what are
its consequences on the profitability of the organization? Think it critically use another
data set recalculate it or gather some practical data or real life data and just try to see that

how really it conveys the concept of hidden factory.

So, the second question is “what is hidden factory”? Why is it important for an
organization to be critical on this? What is the difference between DMAIC and DMADV?
Why every project is not a Six Sigma project? What are the organization roles and
responsibilities? And finally, just give a thought that how implementation of Six Sigma
will vary in manufacturing and service organizations? Where the distinction would really

lie and what are the precautions you would like to follow.
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These are the references you can use Evans, introduction to Six Sigma; Mitra,
fundamentals of quality control and Roderick Munro and Govindarajan,\ certified Six
Sigma green belt to appreciate this concepts. So, with this we can conclude that
organization must improve awareness on hidden factory and critically measure the
utilization of resources in meeting the customer requirement. And DMAIC is the key for

reducing variability and successively improving the sigma level of your processes.
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Conclusion:

* Organization must improve awareness on “Hidden
Factory” and critically measure the utilization of
resources in meeting customer requirements.

** DMAIC refers to a data-driven improvement cycle
used for improving, optimizing and stabilizing

business processes and designs.




So, with this thank you very much I hope you enjoyed this discussion and you are able to
relate the discussion of each particular lecture and this will really help you even to move
from the state of unawareness to awareness and wisdom and maturity in the cycle in the
journey of Six Sigma. So, wish you all the best be with me we will discuss another topic

in the next lecture and continue our journey.



