© 2020 JETIR April 2020, Volume 7, Issue 4 www.jetir.org (ISSN-2349-5162)
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Abstract: This paper gives the summary of the Entire framework of DMAIC of Six Sigma by applying the usage of statistical
software tools like Minitab, Sigma XL & Quality Companion Software and discussing the intricacies of Define, Measure,
Analyse, and Improve& Control Phase with examples.

1.INTRODUCTION

The paper gives a clear concept of the various phases of Six Sigma and the statistical calculations used in it, it has been
derived by referring various books and concisely put together so that it is easy to understand Six Sigma. The Concept of Six
Sigma begins with a process model and its implementation is called Business process Management (BPM) and the process
of Six Sigma began at Motorola in the 1980’s. Six Sigma is the letter o in the Greek alphabet used to denote Standard
deviation, a statistical measurement of variation. Standard deviation can be thought of as a comparison between expected
results or outcomes in a group of operations versus those that fail. Bill Smith of Motorola Coined the term Six Sigma and
is also called the father of Six Sigma; The Quality leader responsible for the term Total Quality Management is Feigen
Baum; robustness in quality management was pioneered by Dr Taguchi; quality leader who did extensive work in
Japanese industry is Dr Deming who paved the way for Quality Management Concept; Walter She wart is also one of
the contributors in Six Sigma, he is sometimes referred to as father of Statistical Control. With Six Sigma Standard
deviation we arrive at 3.4 defects per million opportunities or 99.9997 percent this would mean that at six sigma, an
airline would only loose three pieces of luggage for every one million that it handles. The Three primary elements of Six
Sigma are Customers, Processes & Employees.

Six Sigma is basically the application of Statistical formulas and Methods to eliminate defects, variation in a product or a process.
For example if you want to find the average height of male population in India, you cannot bring the entire population of more
than 2 billion into one room and measure their height for a scenario like this we take samples that is we pick up sample(people)
from each state and use statistical formulas to draw the inference about the average height of male population in a population
which is more than 2 billion. One more example would be say a company manufactures pistons used in motor cycles the
customer demand is that the piston should not a diameter more than 9 cm and less than 5 cm anything manufactured outside
this limits is said to be a variation and the six sigma consultant should confirm that the pistons are manufactured within the said
limits else if there is variation in the range then the company is not operating at 6 sigma level it is operating at a very low
level.

In statistics, the standard deviation (SD, also represented by the Greek letter sigma o or the Latin letter s) is a measure
that is used to quantify the amount of variation or dispersion of a set of data values.

One key innovation of Six Sigma involves the absolute "professionalizing" of quality management functions. Prior to Six
Sigma, quality management in practice was largely relegated to the production floor and to statisticians in a separate
quality department. Formal Six Sigma programs adopt a kind of elite ranking terminology (similar to some martial arts
systems, like Kung-Fu and Judo) to define a hierarchy (and special career path) that includes all business functions and
levels.

Six Sigma identifies several key roles for its successful implementation.

o Executive Leadership includes the CEO and other members of top management. They are responsible for setting up a
vision for Six Sigma implementation. They also empower the other role holders with the freedom and resources to
explore new ideas for breakthrough improvements by transcending departmental barriers and overcoming inherent
resistance to change.

o Champions take responsibility for Six Sigma implementation across the organization in an integrated manner. The
Executive Leadership draws them from upper management. Champions also act as mentors to Black Belts.

o Master Black Belts, identified by Champions, act as in-house coaches on Six Sigma. They devote 100% of their time to
Six Sigma. They assist Champions and guide Black Belts and Green Belts. Apart from statistical tasks, they spend their
time on ensuring consistent application of Six Sigma across various functions and departments.

» Black Belts operate under Master Black Belts to apply Six Sigma methodology to specific projects. They devote 100% of
their valued time to Six Sigma. They primarily focus on Six Sigma project execution and special leadership with special
tasks, whereas Champions and Master Black Belts focus on identifying projects/functions for Six Sigma.

o Green Belts are the employees who take up Six Sigma implementation along with their other job responsibilities,
operating under the guidance of Black Belts.

« Mikel Harry Coined the term Green Belt & Black Belt as one of the Pillars of Six Sigma
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« Deming on Processes states that eighty five percent of the reasons for failure to meet customer expectations are
related to deficiencies in systems and process...Rather than the employee, the role of the management is to change
the process rather than badgering individuals to do better.

Six Sigma Process Table
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An Average american company operates at four Sigma Level.

Noise factors are referred to as random variation or common cause variation.

Common cause variation is a source of variation caused by unknown factors.

Dr Taguchi’s Loss Equation :

Taguchi Constructed a loss equation to determine how much society loses every time when the parts produced do not

match the specified target the loss function is given below :-

L(y) = k(y-T) ~ 2
Wherek=4A / mA2
A = Cost of a defective product

M= | USL—T|

Example : Suppose a manufacturer specifies the target for the diameter of a given rivet(Arivetis a permanent
mechanical fastener. Before being installed, a rivet consists of a smooth cylindrical shaft with a head on one end. The
end opposite to the head is called the tail) to be 6 inches and the lower and upper limits to be 5.98 and 6.02 inches
respectively. A bolt measuring 5.99 inches is inserted in its intended hole of a machine. Five months after the machine
was sold it breaks down as a result of loose parts . The cost of repair is estimated at $95. Find the loss to society
incurred because of the part not matching its target.

We must first determine the value of the constant k
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Now the equation I(y) = k (y-T)*2

Wherek= A / m~"2
T =6 inches (which is the target)
Y =5.99 (the bolt which is actually inserted)
USL = 6.02 ( Upper Specification Limit)
m=| USL-T|=6.02-6=0.02
A = 595 (A = Cost of Repair)
k =($95/0.0004) = $237,500
(y-T)*2=(5.99-6) ~2=0.01 "2 =0.0001
Therefore
L(y)=k (y-T)*2 =5237,500 * 0.0001 = $23.75
Not producing a bolt that matches the target would have resulted in a financial loss to the society that would amount
to $23.75.
The 25 patient/day capacity of a hospital is the result of truly remarkable little law, referred convininiantly as little
law.Little law was proved by John .C.Little of MIT.
That is throughput (TH) is equal to work in process(WIP) divided by cycle time.
TH =WIP/CT

In our hospital example , WIP is the number of patient the hospital accomadates and cycle time is the average length of
the stay.

According to little’s law TH can only be increased if
1] WIP the amount of work the system can process at one time is increased.
2] CT is decreased example length of stay in haspital.

3] Both

1.5 by Default Six Sigma Shift

By offsetting normal distribution by a 1.5 standard deviation on either side, the adjustment takes into account what
happens to every process over many cycles of manufacturing... Simply put, accommodating shift and drift is our ‘fudge
factor,” or a way to allow for unexpected errors or movement over time. Using 1.5 sigma as a standard deviation gives us a
strong advantage in improving quality not only in industrial process and designs, but in commercial processes as well. It
allows us to design products and services that are relatively impervious, or ‘robust,” to natural, unavoidable sources of
variation in processes, components, and materials.”

Statistical Take Away: The reporting convention of Six Sigma requires the process capability to be reported in short-term
sigma — without the presence of special cause variation. Long-term sigma is determined by subtracting 1.5 sigma from our
short-term sigma calculation to account for the process shift that is known to occur over time.

Comparing Six Sigma and Lean

Essentially, Six Sigma and Lean systems have the same goal. They both seek to eliminate waste and create the most
efficient system possible, but they take different approaches toward how achieving this goal. In simplest terms, the main
difference between Lean and Six Sigma is that they identify the root cause of waste differently.

Lean practitioners believe that waste comes from unnecessary steps in the production process that do not add value to
the finished product, while Six Sigma proponents assert that waste results from variation within the process.

Of course, there is truth in both of these assessments, which is why both Lean and Six Sigma methodologies have been so
successful in improving overall business performance in a variety of fields. In fact, these two disciplines have proven to be
especially successful when working in tandem - hence the creation of Lean Six Sigma.
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Value Stream Mapping

Value stream mapping is a lean manufacturing or lean enterprise technique visualization tool for documenting, analysing
and improving the flow of information or materials required to bring a product to market. A value stream map is typically
created as a one-page flow chart depicting the current production path. In lean production, value is the ultimate goal for
customers. Processes that do not provide any value are called waste. Value stream has been embraced as a great
methodology for identifying the inherent waste, and plan to eliminate it, which is an indispensable tool in your six sigma
program.
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Maturity Models —Process Based

A Wide variety of process-based maturity models have been available for some time. Some are focussed specifically on
departments such as Information technology while others include more of the broader aspects of organization.
Regardless, most of these models have their roots in the area of software development. Common process based models

include:

» ITIL ( Information Technology Infrastructure Library)
» |ISO/IEC 15504 ( Software Process Improvement and Process Capability Determination)
» CMMI (Capability Maturity Model Integration)

Most of the above models are level based. For Example the CMMI model, which has grown significantly in popularity is

structured into five levels Initial (Ad Hoc) - Level 0 — Person Dependent Practices
Managed (Repeatable) - Level 1- Document Process

Defined (Defined and Measured) - Level 2- Partial Deployment
Quantitative Managed ( Managed) - level 3- Full Deployment

Optimizing ( self-Optimizing) - Level 4- Measured and Automated

-Level 5- Continuously Improving

Six Sigma Encourages Improvement within the CMMI Framework

Six Sigma success is not equivalent to compliance with standards and models, and vice versa. Industry models and
standards frequently demand measurements, monitoring, and control. Frequently used standards include CMMI models,
ISO, IEEE standards, and ISO 12207. Six Sigma can be used to achieve compliance with aspects of each of these standards.
However, interpreting Six Sigma usage as achievement of model compliance, and likewise assuming Six Sigma when
compliance is found, is a mistake. Six Sigma is not limited to use in high maturity organizations. In organizations that
primarily use CMMI, many people associate Six Sigma with the high maturity process areas. However, there is a direct
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connection between Six Sigma and the generic practices, which are used for process areas at all maturity levels. Six Sigma
enables a tactical approach to the implementation of the generic practices, and therefore much of the intent of the high-
maturity process areas is implemented at lower maturity or within the continuous representation. This drastically
accelerates the cycle time required for the final steps to high maturity by putting the building blocks for the high-maturity
process areas in place. Six Sigma is not a competitor to CMMI or other process models and standards. There are many
domain-specific models and standards. Six Sigma is not domain specific and can be a governance model or a tactical
improvement engine. It can provide the problem definition and statement of benefit against which a decision about
adopting a technology can be made. It can help solve specific problems and improve specific products or processes within
the larger context of overall organizational process improvement. Or, in more general terms, it can serve as an enabler for
the successful implementation of domain-specific improvement models.

Integrate CMMI, Six Sigma, and all other improvement initiatives to provide a standard for the execution of every project
throughout its life cycle. While the previous three approaches are tactical (i.e., they provide a course of action), this is an
approach for setting an organization’s strategy. It is longer term and more visionary. It promotes the idea that an
organization should take control of its destiny and manage its initiatives rather than be managed by them. Six Sigma
methods can be leveraged to design the organization’s standard processes, but the focus here is embedding Six Sigma
alongside other initiatives in the organizational business and engineering processes. This approach can be executed at any
maturity level, with any maturity level as the end goal. When possible, it’s best to start while at low maturity

CMMI is used to create an organizational process infrastructure by addressing particular domains, such as software and
systems engineering. Six Sigma is a top-down initiative that cuts across the entire enterprise, including areas such as
engineering, sales, marketing, and research. Six Sigma is intended to be implemented with a focus on problems and
opportunities, often with narrow scopes, that will yield significant business benefits. It focuses on the performance of
processes and practices as implemented rather than checking for compliance against a definition or model. While these
two improvement initiatives are different by design, they are interdependent in their use. In practice, a back and forth
focus is often effective. For instance, Six Sigma could be used to discover that processes need to be more repeatable,
CMMI could be used to institute processes based on community best practice, and then Six Sigma could be used to
optimize those processes.

1.1.1 Challenges in Implementing Six Sigma

There are several roadblocks if you try to implement Six Sigma in a respective organization there will be resistance stating
that Six Sigma is too Statistical, non-cooperation from employees as they don’t want to come out from the comfort zone
of their work and are afraid whether their performance will be measured during the rigorous process of implementing the
Six Sigma Framework —-DMAIC(Define-Measure-Analyse-Improve-Control) because Lean Six Sigma is all about reducing the
waste, redundant processes and variation in the process ,so people from all the departments like Production , Finance,
Planning have to cooperate in improving the process which they are likely to resist as the people in the organization feel
that they might lose their job during the implementation activity. Typically in an Organization the percentages of people
having neutral attitude towards the implementation of Six Sigma will be 70% and 15% will be resistant towards the Six
Sigma initiative the rest 15% will be supportive for the Six Sigma implementation initiative.

There are some areas where the Six Sigma Consultant finds it difficult to do the formulation of problem statement.
Resistance to implement the concepts, in all levels of management, leading to political intelligence coming into play and
finding and freezing the right team members for implementing and spearheading the projects selected.

Resistance from the employees or employers will be also like they disagree with benefits and return of investment on a Six
Sigma Project, criticizing the statistical tools stating that that they are cumbersome to learn and whether the employees
are trainable on these tools, sometimes the employees will delay the implementation to show that Six Sigma is just a fad
and there are no benefits by implementing it.

There is also a misunderstanding that Six Sigma is meant for large Manufacturing Companies and not small and Medium
Companies so employers of small and medium companies resist to the implementation of Six Sigma.

There can be resistance if the management is not qualified to understand the various business intricacies of their
company.

Stakeholders (People who are investing money in the Six Sigma Project) can also resist the change stating that Six Sigma is
very Complex and whether the Company has the resources to understand the DMAIC Framework.

Other kind of resistance will be from the workers in the factory because they don’t understand the value of implementing
Six Sigma and don’t want interference in their day to day work.

The degree of resistance to implement Six Sigma can vary from organization to organization depending on the
environment, domain of the organization and people working there.

1.1.2 How to overcome the challenges in implementing Six Sigma

These are some strategies as listed below to overcome the challenges while implementing Six Sigma which are as listed

below:
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1. Convince the Management of the Return of Investment based on Operation Costs and Productivity efficiency also
demonstrate the Software Minitab and explain its Simplicity by displaying various graphs in the Software so that
they don’t avoid statistics.

2. Convince the employees that nobody will be out of job but their participation will incur rewards in the form of
financial bonus from the top management

3. Select the best, qualified team in the organization and mentor them and train, certify them to be black belts or
green belts.

4. Form a very good Standard Operating Procedure for imparting training to the employees and prepare training
manuals which are easily understood by the staff with day to day life examples.

5. As per the respective organizational process assets the Six Sigma Consultant has to bring a cultural and smooth
transition in the organization by getting the buy in from the top management and further convincing the staff about

the importance of change management for the better and future prospects and not short term benefits.

Effective Management Decision Making

The following questions can be answered although it is more interesting and useful to get a collective response. As
you answer make note of your score per question so that you can work out your means which have a self-servicing
attribute bias and those that of the observer in answering the questions —choose from the range of 1-4 so that 1= Strongly

agree, 2= Agree, 3 = Disagree , 4= Strongly Disagree.

Do you feel management issues Contribute to business success?

Do you feel individual characteristics contribute to business success?
Do you feel financing issues Contribute to business success?

Do you feel Marketing activities Contribute to business success?

Do you feel HR Issues Contribute to business success ?

Do you feel Economic Conditions Contribute to business success?

Do you feel Competition Contribute to business success?

Do you feel regulations Contribute to business success?

© 0 N o U B~ W NP

Do you feel technology Contribute to business success?

10.Do you feel environmental factors Contribute to business success?
11.Do you feel individual characters impede business success?
12.Do you feel management issues impede business success?
13.Do you feel financing issues impede business success?

14.Do you feel marketing activities impede business success?

15.Do you feel HR Issues impede business success?

16.Do you feel Economic Conditions impede business success?
17.Do you feel competition will impede business success?

18.Do you feel regulations will impede business success?

19.Do you feel Technology will impede business success?

20.Do you feel Environmental factors will impede business success?

e An | (Internal Attribution) to success for questions 1,2,4,5,11,13,14
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e An E(External Attribution) to success for questions 3,6,7,8,9,10,12,15,16,17,18,19,20.

A low score of | Suggests you are more likely to attribute to success to factors over which you have control whereas a low

E score suggests you are more likely to attribute you success to factors which you have limited control.

Note: Meaning of Impede is Hindrance to the progress.

Six Sigma Deployment & Planning Readiness Assessment

Cultural Assessment

Operations Assessment

How do Senior leaders cascade information

How are important Decisions made

Who makes the decision

How fast are the decision made

How are success and failure recognized

How does the organization handle failures?

Does everyone understand the mission vision and strategy
Is everyone aware of critical customer, revenue, and
expense issues?

How are Corporate goals established?

How clear are the goals?

Are the goals measurable?

How is success measured?

Are the right things measured?

How often are things measured?

Are there a few metrics that all employees understand and
use?

Are decision based on assumptions or data?

Who owns each critical process?

Who owns the data?

Are the data on spread sheets, laptops or in a data
warehouse?

Have the data been validated?

Are reports written in simple terms and free from fuzzy
language?

Are updated process maps available for most of the critical
process?

Do executives know what a process map is?

Budgets

Budgeting for a lean Six Sigma project can be difficult since the path from start to finish is unknown. In lean Six

Sigma projects we follow data. Consequently, the path we follow could be circuitous. Fortunately there are several items
we may able to budget for directly or alternately establish a reserve budget. For example we have an assembled team,
with an estimated percentage contribution to the project per week and estimated project duration. Therefore we can
budget labour dollars for the project and in instances where doubt exits it may be possible to establish a project reserve
budget. Such budgets may be set as a percentage (for example, 10%, 15%, and 20%) of the actual dollar budget. These

budgets are typically set aside as contingency dollars to help mitigate risk
Supply/Demand Management

Two important aspects of supply and demand management are the ability to keep the pipeline full and the development

of trained resources’ to sustain the lean six sigma deployment initiative.
1.1.3 Basic Questions to be asked before Implementing Six Sigma

Six Sigma has been successfully applied in banking, healthcare, Military Fast Food Chains, airlines, Hotels, retail stores if

there’s a repetitive process with a problem you can apply Six Sigma.

JETIR2004297 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org ] 682


http://www.jetir.org/

© 2020 JETIR April 2020, Volume 7, Issue 4 www.jetir.org (ISSN-2349-5162)

1.1.4 Below is some basic Questionnaire which can be used by a Six Sigma Consultant

1. List four Problems your business is facing right now?
2. Now think about the day to day operations of your organization list four of the major repetitive processes
3. Next think about the defects affecting your products or services or outputs what four defects you see on a regular
basis list them out
4. Finally what variations you see in your business processes list the four variations it might include the differences in
the way you do things from day to day or in your outputs.
Dr Taguchi’s Loss Equation: Dr Taguchi Defined quality as “loss imparted by the product to society from the time the

product is shipped”. This loss includes not only to the company but also costs to the customer through poor product
performance and reliability, leading to further loss to the manufacturer.

According to Dr Taguchi the mathematical equation for quality loss function is given by L=k(Y-T) 22 where L is Loss, K is a
Constant and Y-T is the distance of the characteristic from the target thus increase in loss is proportional to the square of
the distance from the target. Taguchi’s Contribution later became the foundation for design for Six Sigma (DFSS).

2.DEFINE PHASE SOME TOPICS
2.1 The objectives within the Define Phase which is first phase in DMAIC framework of Six Sigma are:-
Define the Project Charter

e Define scope, objectives, and schedule

e Define the Process (top-level) and its stake holders
e Select team members

e Obtain Authorization from Sponsor

e Assemble and train the team.

Project Title: Project Digest

A SiX Sigma DigeSt Project Lead Project Champion Executive Sponsor |MBB/Mentor

Michael Parker Michael Parker Michael Parker Michael Parker
Primary Metric Secondary Metric
S = Primary Metric: Website Visits i Secondary Metric: Bounce Rate
Data Type: Continuous —_— /\ | Data Type: Attribute~Proportion
: ™M [\ | Frequency: Weekly Y NV W ./ |\ Frequency: Weekly
i e I A Baseline: 471 vsits/week (last10 weeks) | | ‘ A ‘ V Baseline: 63% (last 10 weeks)
- - Goal: 3,500 visits/week \ Ry - Goal: </=60%
Timeline: 2012 J RV Timeline: 2012
Problem Statement & Objective Business Case
Six Sigma Digest currently averages 471 weekly vists to t's webste. Six Sigma Digest is a new online start-up that has only been open for business
- a8 n 8/21/ 1 43 they leadi t r I W i t
The goal is 3,500 weekly visitors. This leaves a gap of 3,029 weekly shce B21/2011.: In the year \eading Up-to ouE 0penklg wa. fade significan
: investments of time and finances to establish our business plan, curriculum,
visitors to be closed by the end of the year 2012. website, learning management system etc. Our marketing budget is low and we

need to fully leverage as many effective online and virtual sales channels as
possble. The trick is figuring out which channels and avenues provide the best
ROI and most impact to our business growth.

High Level Project Timeline Constraints & Dependencies  Project Risks Other Diagnostics
Phase Start Finish |Constraints: Marketing Budget 1. Disclosure Risk: Six Sigma Digest runs the | 1. Unique visitors
Define 11/1/2011 | 12/1/2011 |Pependencies: N/A :i;ac::jswzarr:’ng;cﬁ:;?h information .2_ Avg time on site
Measure 12/1/2011 1/1/2012 2. Y=f(x) c.orrei-a‘-txon .assumptron: To : 2:92:!5 ‘:stlst
malyze | siyaou | oz O I e [Ei iy
y 14 f ) VISKCS L e Y nc :_
g::":::(;’le ii;igi; iiigi; of our true primary metric which is sales. |6 Cost per click
Approval/Steering Committee Stakeholders & Advi Project Team & SME's
Name Organization Name Organization Name Organization
Michael Parker Six Sigma Digest Instructors Six Sigma Digest Blog Commentors Six Sigma Digest
President :Six Sigma Digest Survey Respondants Six Sigma Digest
Customers Six Sigma Digest Customers Six Sigma Digest
Newsletter Subscribers Six Sigma Digest
Instructors Six Sigma Digest

©Copyright Six Sigma Digest 2010
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Project charters the charter documents the why, how, who and when of a project include the following elements

e Problem Statement

e The business case is one of the elements of project charter which asks the following questions why is the project
worth doing? Why is it important to do now? What are the consequences of not doing the project? What activities
have higher or equal priority? How does it fit with business initiatives and targets?

e Project objective or purpose, including the business need addressed

e Scope

e Deliverables

e Sponsor and stakeholder groups

e Team members

e Project schedule (using GANTT or PERT as an attachment)

e Other resources required

2.2 Work break down Structure

It is a process for defining the final and intermediate products of a project and their relationship. Defining Project task is
typically complex and accomplished by a series of decomposition followed by a series of aggregations it is also called top
down approach and can be used in the Define phase of Six Sigma framework.

2.3 The Second is Pareto Analysis which is a vertical bar graph showing problems in a prioritized order so it, so it can be
determined which problems or opportunities should be tackled first. In the define phase the Pareto diagram is used in
conjunction with the WBS to quantify the opportunities inherent in each of the tiny elements resulting from the WBS.

2.3.1 Deliverables

Six Sigma project focus on one or more of the following three deliverables: Cost, Quality and schedule. Factors Critical to
Cost (CTC), include parameters that impact work in progress, finished goods inventory, overhead, delivery, material and
labour, even when the costs can be passed on to the customer. Critical to Quality (CTQ) factors are perhaps most familiar
to operational personnel since they directly impact the functional requirement specified by the internal and external
customers. Critical to Schedule (CTS) factors impact the delivery time of the product or service.

Net Present Value

The net present value (NPV) of an amount to be received in the future is given by the formula P = A(1+i)*-n

Where P = net present value; A = Amount to be received n years from now; i= annual interest rate expressed as decimal ;
this formula assumes that the money is compounded annually.

Example:-
In four years $2500 will be available; what is the NPV of that money assuming an annual interest rate of 8% ?

P=2500(1+0.08)"-4
P=1837.57

Therefore $1837.57 invested at 8% compounded annually will be worth $2500 after 4 years

Cost of Quality

The standard categories of quality costs are as follows

Appraisal Cost — Expenses involved in the inspection process.

Prevention Cost- Cost of all activities whose purpose is to prevent failures.

Internal failure Cost- Costs incurred when a failure occurs in-house.

External Failure Cost- Costs incurred when a failure occurs when the customer owns the product.

Cost of Poor Quality(COPQ) — The parameters which affect the COPQ are excess inventory, excess employee turnover,
rework, idle time of machines, over processing and overproduction.

Pareto Chart was invented by Wilfred Pareto an Italian Economist it principles on the fact that 80% of the defects are
caused by 20% of the defect types.
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Defects per Million Opportunities (DPMO)

A very simple product may have only one CTQ characteristic. For Example, a paper clip may have only have one
opportunity for defect whether it holds the paper or not. Complex products have more than one CTQ characteristic and
therefore have more opportunities for defects. Let Us consider that a computer has 10 opportunities for defects bad
drives, system crashes display flickers etc.

Example a Paper Clip has one opportunity for defect we find 7 clips defective in 1000 clips produced so the Defect per
Opportunity and the DPMO can be calculated as follows

DPO = Defects / Opportunities * total items produced

SoDPO=7/1*1000=0.007

DPMO = DPO * 1 Million(10 ~6)= 0.007 * 10”6= 7000.

Example: - A process produces 40,000 pencils, three types of defect can occur the number of occurrences of each defect

type are:

1] Blurred printing: 36

2] Wrong Dimension: 118

3] Rolled Ends: 11

Total number of defects is = 165 so DPU = Number of defects/ Number of Units = 165/40,000 = 0.004125

Defects per Million Opportunities (DPMO)

To calculate the number of opportunities it is necessary to find the number of ways the defect can occur for each item.

For this product blurred printing occurs in only one way so there are 40,000 opportunities for this defect to occur ; there
are 3 independent places where the dimensions are checked so there are 3 * 40,000=120,000 opportunities for
dimensional defects ; rolled ends can occur at the top or bottom of the pencil so there are 2 * 40,000=80,000
opportunities for this defect to occur thus the total number of opportunity for defects is

40,000 + 120,000+ 80,000 = 240,000

There Defects per million opportunities is calculated as

DPMO = (Number of defects)(1,000,000)/Total number of opportunities = 165,000,000/240,000 = 687.5
So DPMO = 687.5

PPM (Parts per Million is defined simply as PPM=DPU * 1,000,000 from the above example of Pencils PPM=0.004125 *
1000,000 so PPM= 4125

PPM is also used to refer to contaminants as seen in the following example
Example:- Suppose 0.23 Grams of Insect parts is found in 25 Kilograms of Product so PPM=(0.23/25,000) * 1,000,000
So PPM=9.2
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2.3.2 Throughput Yield
For a process, throughput is a measure of the productivity of the process in producing error free product or service. For a

product, throughput is a measure of the quality of the product of the entire product as a function of the quality of its
various features.

The throughput yield is calculated based on the defects per unit (DPU) for each process step

DPU = #errors / # items

Throughput Yield = 1- DPU or e A -dpu = 10 A -dpu

For example if there are 74 errors in products and 600 products DPU = 74/600 =0.12 and Y = 1-0.12 = .88= 88%

DPO = Defects per Opportunity = total defects/ total opportunity.

DPMO=DPO * 1 Million

Throughput (T) is the rate at which an organization generates money through sales.it is based on the total sales minus
the variable cost, which includes the cost of material’s used to produce the goods sold.

Inventory (1) Money invested in purchasing things intended for sales.

Operational Expense (OE) is Money Spent to turn inventory into throughput it includes salaries and wages paid to
workers, rent, utilities etc.

Net profit = T-OE

Return on Asset = (T-OE)/I

Productivity = T/OE

Asset Turn =T/I

Overall Equipment efficiency is calculated based on availability * performance * Quantity

OEE=A*P *Q

A = actual operating time / planned time

P = Ideal Cycle time / Actual cycle time

Q = Acceptable output/ Total output

Staff Required on the Production Line = Total cycle time/Takt Time

2.3.3 Rolled Throughput Yield (RTY)

RTY summarises stepwise throughput yields for a multiple step process or multiple featured product. RTY is the measure
of the overall quality level rolled throughput yield RTY for a N Step process is calculated using the formula
RTY =Y1*Y2*Y3 *. Yn

In the Define Phase we also calculate the future value, present value and net present value of the project which the

formulas are given in my earlier articles.
The First Pass Yield is also first time yield = Units Passing Without Rework/ Input Yield

Final Yield = Final Yield (Including Rework)/Input Yield.
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2.3.4 Process Maps

A process map is used in the define stage to document top level process activities and their stake holder.

2.3.5 Assembling the team

As soon as possible the project manager and project sponsor should arrange a short informal meeting with managers of all
stakeholders groups to inform them that a project is proposed in their functional area with the permission and direction of
the senior executives, this meeting represents an invitation for the middle managers to participate in the project by
contributing a member of their team or to challenge the scope, objective or business needs addressed by the project
proposal.

Quality Function Deployment

Quality function deployment (QFD) is a customer driven process for planning innovation in products or services. It starts
with the voice of customer which becomes the basis of requirements. QFD Matrices are sometimes referred to as “House
of Quality”. In its simplest form QFD involves a matrix that represents customer requirements as rows and product or
service features as columns. The Cell where the row and column intersect shows the correlation between individual
customer requirements and the product or service requirement. The matrix is sometimes called as the “requirement
matrix”.

Engineering Characteristics
(Technical Requirements)

Customer Weight

Feature 1
Feature 2
Feature 3
Feature 4

Customer Requirements

Requirement 1 1 1

Requirement 2 2 1

Requirement 3 3 1
Reguirement 4 4 1
Raw Score 1 2 3 4
Relative Weigth 10% 20% 30% 40%
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. The main purpose of the Kano Model is Customer Satisfaction it is diagrammatically illustrated below:

Kano Model
Completely Satisfied
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Hoshin Kanri is known as shining metal in japanese (also called Policy Deployment) is a method for ensuring that the
strategic goals of a company drive progress and action at every level within that company. This eliminates the waste that
comes from inconsistent direction and poor communication.

Muda is called waste in Japanese.

5S Tool Can Be Best Represented Using Companion By Minitab in Kaizen Option:-

In industries and organizations that have adopted lean approaches, the 5S tool is used extensively. Its associated five
pillars—sort, set in order, shine, standardize and sustain—are particularly useful for achieving sustainable development
when addressing customer satisfaction through improved quality and productivity, lowered costs and reduced delivery
lead times. Waste elimination projects using 5S offer immediate gains because they provide a natural starting point for
continuous improvement and prepare the organization for its more in-depth lean journey. Despite the tool’s usefulness,
however, many organizations have found that they can implement the first three pillars, but struggle to institutionalize the
final two. Research was conducted to identify key factors affecting successful implementation of all 5S pillars. ASQ
members from four Midwestern states who were associated with automotive industry suppliers were invited to
participate in the study. This group represented not only a substantially sized industry, but also one that has used 5S tools
for many years.

2.3.6 Formulas Used In Six Sigma-Define & Pre-Define Phase

In Previous articles | have discussed about the vital DMAIC phase of Six Sigma where | have explained the process in each
phase that is Define, Measure, Analyse, Improve and Control (DMAIC), in this context we are going to learn about formulas
used in Define phase of DMAIC which are critical to control variation in a process thereby making the process or the
product defect free.

We will discuss the First Phase that is given below:

2.3.7 Define and Pre-Define Phase

Takt time = Available time for production/customer demand.
Takt is a German Word for Baton which is used by Music Directors to Control the flow of Music.

Available production time = Scheduled time — Break time — Meeting time.
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Production time is the time required in producing a product so for example if available production time is 400 minutes
and customer demand is 20 units then Takt time = 400/20 =20 minutes so the production has to make 1 unit every 20
Minutes.

Cycle time is split into four components:

Auto time — Time spent by machines running unattended;

Manual time — Time spent in loading, unloading, and adding components during the same process;

Delay time — Time spent waiting for operator or other process to finish, or parts or raw material availability; and

e Machine time — Time spent by machine working on the part.
Process time + Delay time = Total Cycle time
Staff Required on the Production Line = Total cycle time/Takt Time

In an ideal production process, the cycle time must be as close to the takt time as possible.

Lead time is the time between customer order and delivery of the product.

For Example in Delivering a Burger of Mc Donald’s to the customer the company takes 30 minutes so 30 minutes is the
lead time.

Reducing lead time should be the target, but to do so, you should reduce cycle time, set up time, and wait time. Lead time
will automatically get impacted.

Solution

Step 1 — Production time needed

Production time needed = No. of machines * cycle time per part * average daily demand
Time available for set up = Available production time — production time needed

Example: A product works on a takt of 100 minutes and has production cycle time of 400 minutes. What is the crew size?

Solution:
eCrew Size =400/100=4

Staff Required on the Production Line = Total cycle time/Takt Time

¢4 staff are needed on the line to ensure takt target is met.
ROI = PROFITS DIVIDED BY INVESTMENTS * 100

3. COMMON FINANCIAL MEASURES

Revenue growth is the projected increase in income that will result from the project that is calculated as the increase in
gross income minus the cost. Revenue growth may be stated in dollars per year or as percentage per year.
Conceptually margin refers to the difference between income and cost however there are multiple financial concepts
of margin which is used to measure the efficiency and effectiveness of an organization’s financial capabilities and
finesse.

> Percent profit margin : This metric provides and overall sense of how efficiently an organization converts sales
into profits it is computed as given below :-

» Percent profit margin= (Sales of a product or service- Cost of a product or service/ Sales of a Product or Service) *
(100)

= (Net Profit/Net Sales) * 100

» Percent Gross Margin: This metric measures the efficiency of producing sales. It is computed as Follows
Percent Gross Margin = (Gross profit/Net Sales) * 100

» Percent Operating Margin: This Metric Measures how effectively an Organization Controls Cost not related to
production and sales of a product or service
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It is Computed as Percent Operating margin = (Operating profit/Net Sales) * 100

» Gross Profit = Net Sales — Cost of Goods Sold

» Cost of Goods Sold = Cost of Raw Goods + Cost of Labour + Cost of Inventory

» Net Profit = Net Income = Net Earnings = Bottom Line = Total revenue — Total Expenses
» Operating Profit = Operating Income = Earnings = Gross Profit — Operating Expenses

3.1 Cost Benefit Analysis

Top Management must approve funding for Projects that require significant financial resources, therefore before a
proposed project is initiated, a cost-benefit analysis using projected revenues, costs and net cash flows is performed to
determine the project’s financial feasibility. The analysis is based on estimates of the project’s benefits and costs and the
timing thereof. The result of the analysis are a key factor in deciding which projects will be funded. Upon project
completion accounting data are analysed to verify the projects financial impact on the organization. In other words the
management must confirm whether the project added to or detracted from the company’s financial wellbeing.

A cost-benefit analysis attempts to evaluate the benefits and costs associated with a project or initiative. Two types of
benefits can be evaluated: direct or indirect. Direct benefits are easily measured and includes issues such as increased
production, higher quality, increased sales, reduced delivery costs and lower warranty costs. Indirect benefits are more
difficult to measure and include such items as improved quality of work life, increased internal customer satisfaction and
better trained employees.

The Simple formula for computing benefit-cost ratio is:

> NPV of all Benefits anticipated/ > NPV of all costs anticipated

Note: NPV Stands for Net present Value where NPV is calculated using the formula P = F (1+i) * -n where P = Net Present
Value, F = Amount to be received n years from now also called as Future value: and | = Annual interest rate expressed as
decimal the formula assumes that the money is compounded annually and n stands for number of years.

3.1.1 Strategizing

SWOT

A SWOT analysis is an effective strategic planning tool applicable to an organization or project objective. SWOT stands for:
strengths, weaknesses, opportunities, and threats. It is attributed to Albert Humphrey from Stanford University during the
1950s and 1960s.

Strengths and weaknesses are identified with respect to the internal capabilities of an organization. They provide an
introspective view. Strengths and weaknesses should not be considered opposites. This will become apparent in the
example below.

Strengths address what the organization does well. This might be: research and development, production, marketing,
acquisitions, partnering, and so on. Strengths need to be assessed fairly and objectively to bring credibility to the SWOT
analysis.

Weaknesses address the organization in terms of skills, capabilities, and competencies. For example, an organization
continually fails to deliver its products to its customers on time. This might be due to a lack of skill, incapable processes, or
poor training of employees. Note: A weakness should never be improved at the expense of a strength! On the other hand,
opportunities and threats provide the organization with an external view. Quite simply, we are trying to identify
opportunities for the organization to grow to new levels, and threats to the organization that will impede its progress.
Threats are often barriers to an organization’s growth and can represent a competitive disadvantage. When analysing a
SWOT, the question to ask is, “How can the organization leverage its strengths and improve its weaknesses to take
advantage of the opportunities while mitigating or eliminating the threats?”

PEST

An analysis similar to SWOT is the PEST analysis, which brings together four environmental scanning perspectives that
serve as useful input into an organization’s strategic planning process:

J Political. This perspective looks at political stability, threats of wars, regulatory issues, tax considerations, labour
problems, laws, and so forth. For example, as this book is being written, we have:

Political stability. Mid-term congressional elections have shifted the dominating party from Democratic to Republican in
the U.S. House of Representatives.

Threat of wars. The war in Afghanistan continues; arguably, the war in Iraq is over; an unstable ruler of North Korea
recently died and leadership was assumed by his hardliner son; Iran is clamouring for its own nuclear weapons and
attempting to threaten the world’s oil supply; and terrorist bombings are rampant.

Regulatory issues. The recent financial meltdown has resulted in strengthening the power and authority of regulatory
agencies.

Tax considerations. In an attempt to stimulate the economy, the federal government has proposed special depreciation
considerations designed to motivate organizations to purchase capital equipment.
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Labour problems. Eight and a half percent unemployment continues to strain our government welfare systems, and public
pension legacy issues continue to mount.

Laws. Broad-sweeping healthcare and financial reform laws were passed that will have significant impact to both
organizations and individuals.

Economic. This perspective looks at currency exchange rates, market conditions, unemployment rates, inflation factors,
interest rates, and so forth. Current examples include: the U.S. dollar against other major international currencies, rates of
unemployment in the United States and in other major countries of the world, almost zero percent inflation, low GDP
growth rates in the developed world, outsourcing to low-cost nations such as India, China, and those of Southeast Asia,
and, in some cases, negative interest rates on bonds.

Social. This perspective looks at education considerations, demographics, health factors, cultural implications, and so
forth. Current examples include: the widening educational gap between the United States and other first-world countries,
and shifting demographics such that “baby boomers” are now the largest group, and consequently place the biggest strain
on the U.S. healthcare system.

Technological. This perspective looks at new technology developments, rate of technological change, cost impact of
technology, and so forth.

Aligning Training to Strategy: If training is to be positioned as supporting the needs of the organization senior leaders
must be involved with and stand behind the training plans. Technically training plans are action plans that support the
strategic plans of the organization , if the plans do not have strategic outcomes, then the organization should not be
supporting the training so the following sequence should be followed 1]Strategic plan>Human Resource Strategic
Plan=>Training Plan>Training Needs Analysis.

Training Plans Are Not a Panacea: Often poor Performance is attributed to a skill or knowledge deficiency that can be
corrected by training. Nonetheless many times the root cause of poor performance is not skill related at all. However
training cannot remedy a situation caused by poor performance or other root causes that are not skill related. For
example, to expect training can fix operating systems problems is unrealistic. Consider the following points below where
training would not be beneficial.

Increased defects in a manufacturing environment caused by outdated or inadequate equipment 2] unsatisfactory help
desk customer support resulting from poor morale and compensation issues 3] Mistakes caused by employees working
overtime on a sustained basis.

5.DFSS

While DMAIC may be traditionally viewed as the foundation for Lean Six Sigma, its application is primarily limited to
improving existing processes; it does little to Address the design of new products or processes. This concept is

illustrated in the flowchart given in Figure 1.0

Fortunately, several additional structured methodologies exist. Several of the common methodologies are depicted in
Figure 1.0. Each of these methodologies has its usefulness as long as the nuances of each are fully understood.Table
1.1 has been created to provide a loose comparison between the DMAIC and DFSS methodologies. These comparisons
are not exact, but do provide a sense of how the methodologies align. This table may be beneficial for readers who
may be required to use multiple methodologies or find themselves in need of selecting one suitable for a particular

project.
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Figure 1.0 The DFSS family of methodologies.

Table 1.1 Comparing DMAIC and DFSS methodologies.

DFSS
DMAIC | DMADV DMADOV | DMEDI IDOV
Define | Define Define Define Identify
Measure | Measure Measure Measure
Analyse | Analyse Analyse Explore* Design
Improve | Design Design Develop

Optimize Optimize

Verify** Verify** Implement | Validate***

Control

DMADV is a well-recognized Design for Six Sigma (DFSS) methodology and an acronym for define, measure, analyse,
design, and verify. Note that the ASQ Black Belt Body of Knowledge replaces “verify” with “validate.” The difference is
likely because, although different, “verify” and “validate” are often used synonymously.

Design. Quite simply, this means carrying out the process of designing a product or process. Many organizations have well-
established policies and procedures for their respective design processes. One valuable Lean Six Sigma technique that
supports the design process is quality function deployment (QFD), the details of which were discussed in Chapter 15.
Additional tools useful in this phase include pilot runs, simulations, prototypes, and models.

Verify. This phase is directed at ensuring that the design output meets the design requirements and specifications and is
performed on the final product or process. Basically, verification speaks to the design meeting customer requirements and
ensures that the design yields the correct product or process. By contrast, validation speaks to the effectiveness of the
design process itself and is intended to ensure that it is capable of meeting the requirements of the final product or
process.

Both verification and validation are necessary functions in any design process. As such, this suggests that DMADV might be
more appropriately named DMADVV.

5. SIX SIGMA (SARBANES OXLEY ACT-2002)

The Sarbanes—Oxley Act of 2002 changed many of the rules under which corporations and executives were required to
provide information to investors and to others. In many respects, the Act defined a customer service approach that
corporations would be required to adopt (in addition to attempting to prevent a repeat of many abuses among corporate
executives, accounting firms, and analysts that came to light in 2001 and 2002). For example, the new law “requires steps
to enhance the direct responsibility of senior corporate management for financial reporting and for the quality of financial
disclosures made by public companies.”4 This “direct responsibility” means that the officers of companies are required to
personally certify the accuracy of financial statements. In a very real sense, this represents a government-enforced form of
customer service. If we recognize that the investor is a customer of the company whose stock he or she owns, then what
are the customer requirements and expectations?
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Where Lean Six Sigma meets Sarbanes-Oxley

A key requirement of Sarbanes-Oxley is that of internal control over financial reporting, which is covered under
section 404 of the act further , the SEC has established rules that such internal controls satisfy the following three
functions
Recordkeeping: This function addresses the processes associated with transactions an dispositions of a company’s assets.it
Requires that a sufficient level of detail should be kept that is accurate and detail.

Compliance: This function addresses the processes that ensure transactions are actually recorded and receipts and
expenditures are accurate and made only when authorized by the management. Also financial statements must be
prepared according to the generally accepted accounting principles (GAAP).

Prevention and detection this function addresses the processes that ensure the prevention and/or detection of
unauthorized use or disposition of company assets.

From the above discussion, it should be clear that lean Six Sigma and Sarbanes-Oxley relate to each other through two
central ideas

Processes: For Sarbanes- Oxley to be Successful, processes need to be inventoried, mapped and improved. Simplified
process facilitate the compliance function

Control: Sustaining the gains is what improvement is all about consequently, tools like mistake proofing and control plans
are beneficial and support prevention and detection of functions

6 TOOLS OF THE TRADE
6.1 Tools used In Define Phase
5 Whys Data  Collection | Prioritization
Plan Matrix
Activity network | Failure Mode and | Process
Diagrams effect analysis Decision

Program Chart

Advance quality | Flowchart/process | Project

planning mapping as is Charter

Auditing Focus Groups Project
management

Benchmarking

Force Field

Analysis

Project Scope

Brainstorming Gantt Chart Project
Tracking
Cause and effect | Kano Model Quality
diagrams Function
Deployment
(QFD)
Check sheets Matrix Diagrams Run Charts
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plan

Communication

Meeting Minutes

Sampling

6.2 Tools used in Measure Phase

Control Charts Multi voting Stakeholder
Analysis

Critical to Quality | Nominal Group | SIPOC

tree Technique

Customer Pareto Charts Tollgate

feedback review

Customer PERT Tree diagrams,

identification Y= F(x)
Basic Statistics Histograms Regression
Brainstorming Hypothesis Testing Run Charts
Cause and effect | Measurement System | Scatter Diagrams
diagram Analysis
Check Sheets Meeting Minutes Statistical process

Controls (SPC)

Circle Diagrams

Operational Definitions

SIPOC

Correlation Pareto charts Taguchi loss Function

Data Collection Probability Toll gate review

Data collection Plan Process capability | Value Stream maps
analysis

Failure Mode and effect

Process Flow metrics

analysis
Flowcharts Process maps
Gage R&R Project Management

Graphical methods

Project Tracking

6.3 Tools used in Analyse Phase

Affinity Diagrams

Non Parametric Tests

Y=f(x)

Anova

Parametric tests

Basic Statistics

Process Capability

Analysis

Brainstorming

Project Management
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Cause and Effect | Project tracking

diagrams

Components of | Regression

Variation

Design of experiments Root cause analysis

FMEA Run charts

Gap Analysis Scatter diagrams
Histograms Simulation
Hypothesis Testing SIPOC

Meeting Minutes Tollgate review
Multi vari Studies Tree diagram
Multiple regression Waste analysis

6.4 Tools used In Improve Phase

Activity network | PERT

Diagrams

Anova Process Capability
Analysis

Brainstorming Project Management

Control Charts Project tracking

Design of | Risk Analysis

Experiments(DOE)

FMEA Taguchi designs

Process Mapping ( to | Toll gate review

be —Future)
Gantt charts Value Stream maps
Hypothesis Testing Work breakdown

Structure (WBS)

Measurement System | Y=f(x)

Analysis (MSA)

Meeting Minutes

Pareto charts
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6.5 Tools used in Control Phase

5S Pre control

Basic Statistics Project management

Communication Plan Project tracking

Control Charts Run Charts

Control Plan Six Sigma Story board

Data Collection Standard Operating
procedures(SOP)

Data Collection plan Statistical process

control (SPC)

Kaizen Tollgate review

Kanban Total productive

maintenance

Lessons Learned Training Plan
deployment
MSA Work instructions

Meeting Minutes

Mistake proofing / Poka
Yoke

7. MEASURE PHASE SOME TOPICS

As we have already discussed about DMAIC (Define-Measure-Analyse-Improve-Control) phase of Six Sigma in my previous
articles in this paper we will discuss about the formulas and the deliverables of the measure phase of Six Sigma.

Before proceeding ahead a brief recap of the Measure phase. Every organization measures various performance
parameters during the course of the day to access whether their plans are working and achieving the desired results. If
there are no measurements it will be not possible to know whether the organization is meeting customer requirement
and making profits. At the same time it is not economical to measure every activity and control all the parameters. When
there is a specific problem in the organization to be eliminated the first step is to measure the extent of the problem.
Measurement of key performance parameters of any process is a key to find solutions and eliminate the problem in the
process. During measure phase the performance of the current process is measured to identify the problem area.

We ask the following questions given below in measure phase:

v What needs to be measured?

v" How to measure it?

v' What is the customer requirement?

v' What is the variation between the customer requirement and the current level of performance?
v’ Is there any additional measurement required to precisely know the problem?

v' What measurements are required after the process is improved?

A factor rarely discussed in the ranks of Six Sigma is the raw cost of collecting data. Unfortunately promising projects may
be abandoned simply because of the high cost of acquiring the necessary data.

In Measure phase we will be faced with 2 types of Data that is 1] Continuous Data 2] Discrete Data.

Continuous data are the data which are measured to the finer elements and expressed in units of physical property such
as length, height, diameter, temperature and weight and Discrete data is that data which cannot be measured these are
data regarding characteristics like colour, odour, and count data such as pass/fail.

To measure data to improve the process of a part manufacturing factory we should also determine the sampling plan from
the sampling types such as 1] Simple random Sample here the lot we collect is homogeneous that is from the same
category. 2] Stratified Sample this is a refined method of random sampling where the lot is segregated based on certain
criteria from a heterogeneous lot. 3] Systematic Sample in this samples are taken after every fixed interval of time when
the machine produces the part 4] Rational Sample is done when the team finds there are large numbers of data already
existing, it is possible to identify a critical area from the past records and collect samples only from specific area.
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Dr Kaoru Ishikawa Diagram or Fishbone Diagram or Cause and Effect Diagram

5 why’s is a tool used that is often used in conjunction with cause and effect diagram; the idea of 5 why’s is to take
potential causes of a problem and to dig deeper by asking “Why” upto 5 times. The goal is to get something that is
actionable.

Measurement Material Machine

Sub Processes D'
Sub Processes D’

The Problem /
Final Outcome

SubProcesses

Mother Nature Man Power Method

Central Limit Theorem: The Central Limit Theorem states that the sampling distribution of the sample means
approaches a normal distribution as the sample size gets larger — no matter what the shape of the population
distribution. This fact holds especially true for sample sizes over 30. All this is saying is that as you take more samples,
especially large ones, your graph of the sample means will look more like a normal distribution.

Data are of 2 types Continuous or variable and Discrete or Attribute.

Nominal data examples are Go-No-Go-Reject-No Reject; ordinal Data examples are taste attractiveness; interval type
examples are calendar, time , temp and ratio examples are elapsed time, distance, weight etc.

Approaches for Sampling:-

1] Systematic Sampling where samples are collected after a particular period of time.
2] Collecting sample in Groups
3] Random Sampling that is randomly pick up samples from the assembly line.

4] Stratified random sampling data collected in strata(Segment).

Formulas used in Measure Phase

Some Little Statistics

Central tendency is defined as the tendency for the values of a random variable to cluster round its mean, mode, or

median.
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Central Tendency Population Sample

Mean/Average K=y (Xi)A2/N XBar =5 (Xi)A2/n
Median Middle value of Data

Mode Most occurring value in the data

Dispersion

Variance o2 =5(X-w"2/N SA2 = 5(Xi- XBar)”*2/ n-1
Standard Deviation o=V 3(Xi- u)A2/ N s = v 3(Xi- XBar)A2/ n-1
Range Max-Min

Standard deviation is a mathematical tool to help us assess how far the values are spread above and below the mean.

A high standard deviation shows that the data is widely spread (less reliable) and a low standard deviation shows that
the data are clustered closely around the mean (more reliable).

The standard deviationis a measure of the spread of scores within a set of data. Usually, we are interested in
the standard deviation of a population. However, as we are often presented with data from a sample only, we can
estimate the population standard deviation from a sample standard deviation.

Variance

The square of standard deviation is known as Variance. Why did we need to define one more parameter, when
standard deviation appears to be the right answer? It has some interesting and useful properties. Prominent one is the
addition property for two independent data sets or observations. In other words, variance of the sum of independent
data sets or observations (also referred random variables) is the sum of their variances.

Zis the Z score, or Sigma score. A low Z score means that a significant portion of the tail of the distribution is extending
past the specification limit. A high Z score means that not much of the distribution is extending past the specification
limit. The table below shows Z scores related to defects per million opportunities. Notice that the Sigma values we
identified earlier are represented here.

You may also see the z score formula shown to the left. This is exactly the same formula as z = x — u / o, except that x (the
sample mean) is used instead of u (the population mean) and s (the sample standard deviation) is used instead of o (the
population standard deviation).

Gage Repeatability& Reproducibility (R&R) Study
Repeatability also Known as Equipment variation and Reproducibility also known as appraiser variation.

Attribute R&R study is for conducting study on discrete variables and not continuous variables which can be measured

on a measuring scale.
The MSA Manual published by Automotive Industry Action Group (AIAG) specifies the following Norms:

v IF GRR is less than 10 percent the measurement system is acceptable
v If GRR is between 10 and 30 percent equipment may be accepted based upon the importance of application, cost
of measurement, device, cost of repair etc.

v' Measurement System is not acceptable for GRR beyond 30 percent.
We can use Minitab to execute GAGE R&R Studies by Clicking on Assistant option then—> Click on Gage R&R.

Gage Attribute MSA is for Categorical data (Good, Bad) to do this in Minitab Go to Assistant Menu -> Click on

MSA(Measurement System Analysis) and Select Attribute Agreement Worksheet then select number of operators ,
how many times to repeat this procedure , number of items , Standard of items whether good or bad then you get
worksheet created by Minitab in that enter in the results column the 2 categories (Good, Bad) then click on Attribute

Analysis and select the relevant columns and you get the thermometer graph which tells us accurately what the
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percentage accuracy of the Gage. Kindly note Gage R&R Variable MSA is For Continuous Data and Gage Attribute MSA

is for Categorical Data or discrete data.

Reproducibility: Variation is average of measurement made by different operators using the same gage measuring the
same object. ... Repeatability: The random variations in measurement when one operator uses the same gage to measure

the same part at several times

In Gage Repeatability & Reproducibility for Variable/Continous data you should have minimum 10 parts and 3

operators in the study to get a favourably precise output.

It is very important to know that if the process is found to be stable using Capability Analysis formulas and by Gage R&R

Study we can directly move to the Improve or control Phase else we have to start again from Define Phase.

About Minitab: In Minitab Options of Probability Distributions are available in Calc Option and all the formulas are

available by clicking on the options Help> Sample Data all the data sets of all tests available here you have to just

download and do the respective analysis.

Graphical Analysis

1] Gage Run Chart

Example of Gage Run Chart

An engineer selects 10 parts that represent the expected range of the process variation. Three operators measure the 10
parts, three times per part, in a random order.

The engineer creates a gage run chart to assess the differences in measurements between different operators and parts.

Open the sample data, GageData.MTW.

Choose Stat > Quality Tools > Gage Study > Gage Run Chart.
In Part numbers, enter Part.

In Operators, enter Operator.

In Measurement data, enter Measurement.

Click OK.

N

Interpret the results

For each part, you can compare the variation between measurements that were made by each operator and examine the
differences in measurements between operators. You can also view the measurements in relationship to the horizontal
reference line. By default, the reference line is the mean of all the observations.

Most of the variation is due to differences between parts. Some smaller patterns also appear. For example, Operator B
does not measure consistently, and Operator C usually measures lower than the other operators.
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Gage Run Chart of Measurement by Part, Operator

Reported by:
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Use a gage run chart to assess the variation in the measured values for each measured part. The gage run chart helps you
see how much measurement variability is due to operators or parts.

This gage run chart shows the measurements of 6 parts that are selected from a manufacturing process. The parts
represent the normal variation of the process. 3 operators measure each part with the same gage 3 times in a random

Gage Run Chart of Response by Part, Operator

Reported by:
Gage name: Toleramoe:
Date of study- Misc
o 1 2 3 4 5 B Operator
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Panel varighle: Port

order.

The part-to-part variation is quite noticeable in this chart—Part 2 and Part 6 have higher measurements than Part 1 and
Part 5.

Step 2: Assess the variation between measurements from each operator

For each part, you can compare both the variation between measurements made by each operator, and differences in
measurements between operators. You can also look at the measurements in relationship to the horizontal reference line.
By default the reference line is the mean of all observations.
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Gage Run Chart of Response by Part, Operator

Reported by:
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This gage run chart shows that the operator's measurements do not have good repeatability. Each operator measures
each part 3 times (3 trials). When the same operator measures the same part, the differences between the measurements
are large. Oscillations could indicate that the operators adjust how they measure between measurements.

Gage Run Chart of Response by Part, Operator

Reported by-
Zage name: Toleranoe:
Date of study: Misc
1 2 3 Oparator
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This gage run chart shows that the operators measure more consistently for each part, but the differences in the
measurements between operators for the same part are large

Example of Crossed Gage R&R Study

An engineer selects 10 parts that represent the expected range of the process variation. Three operators measure the 10
parts, three times per part, in a random order.

The engineer performs a crossed gage R&R study to assess the variability in measurements that may be from the
measurement system.

Open the sample data, GageData.MTW.

Choose Stat > Quality Tools > Gage Study > Gage R&R Study (Crossed).

In Part numbers, enter Part.

In Operators, enter Operator.

In Measurement data, enter Measurement.

Under Method of Analysis, select ANOVA.

Click the Options button. Under Process tolerance, select Upper spec - Lower spec, and enter 8.
Click OK in each dialog box.

© N O Uk~ W NP

Interpret the results

The two-way ANOVA table includes terms for the part, the operator, and the part-operator interaction. If the p-value for
the interaction is 2 0.05, Minitab omits the interaction from the full model because it is not significant. In this example, the
p-value is 0.974, so Minitab generates a second two-way ANOVA table that omits the interaction from the final model.
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Use the variance components (VarComp) to compare the variation from each source of measurement error to the total
variation. In these results, the %Contribution column in the Gage R&R table shows that the variation from Part-To-Part is
92.24%. This value is much larger than Total Gage R&R, which is 7.76%. Thus, much of the variation is due to differences
between parts.

Use %Study Var to compare the measurement system variation to the total variation. The Total Gage R&R equals 27.86%
of the study variation. The Total Gage R&R %Contribution might be acceptable depending on the application. For more
information, go to Is my measurement system acceptable?.

For this data, the number of distinct categories is 4. According to the AIAG, you need at least 5 distinct categories to have
an adequate measuring system. For more information, go to Using the number of distinct categories.

The graphs also provide the following information about the measurement system:

In the Components of Variation graph, the %Contribution from Part-To-Part is larger than that of Total Gage R&R. Thus,
much of the variation is due to differences between parts.

The R Chart by Operator shows that Operator B measures parts inconsistently.

In the Xbar Chart by Operator, most of the points are outside the control limits. Thus, much of the variation is due to
differences between parts.

The By Part graph shows that the differences between parts are large.

In the By Operator graph, the differences between operators are smaller than the differences between parts, but are
significant (p-value = 0.00). Operator C's measurements are slightly lower than the measurements of the other operators.

In the Operator* Part Interaction graph, the lines are approximately parallel and the p-value for the Operator*Part
interaction found in the table is 0.974. These results indicate that no significant interaction between each Part and
Operator exists.

Gage R&R Study - ANOVA Method

Two-Way ANOVA Table With Interaction

Source DF SS MS F P

Part 9 88.3619 9.81799 492.291 0.000
Operator 2 3.1673 1.58363 79.406 0.000
Part * Operator 18 0.3590 0.01994 0.434 0.974
Repeatability 60 2.7589 0.04598

Total 89 94.6471

a to remove interaction term = 0.05

Two-Way ANOVA Table Without Interaction

Source DF SS MS F P

Part 9 88.3619 9.81799 245.614 0.000
Operator 2 3.1673 1.58363 39.617 0.000
Repeatability 78 3.1179 0.03997

Total 89 94.6471

Gage R&R

Variance Components

%Contribution
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Source VarComp (of VarComp)
Total Gage R&R 0.09143 7.76
Repeatability 0.03997 3.39
Reproducibility 0.05146 4.37
Operator  0.05146 4.37
Part-To-Part 1.08645 92.24
Total Variation 1.17788 100.00

Process tolerance = 8

Gage Evaluation

Study Var %Study Var %Tolerance
Source StdDev (SD) (6 xSD)  (%SV) (SV/Toler)
Total Gage R&R 0.30237 1.81423 27.86 22.68
Repeatability 0.19993 1.19960 18.42 14.99
Reproducibility  0.22684 1.36103 20.90 17.01
Operator 0.22684 1.36103 20.90 17.01
Part-To-Part 1.04233 6.25396 96.04 78.17
Total Variation 1.08530 6.51180 100.00 81.40

Number of Distinct Categories = 4

Gage R&R for Measurement

Gage R&R (ANOVA) Report for Measurement

Reported by-
Zage name: Toleranoe:
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2] Box Plot

A box plot sometimes called a box and whisker plot is an alternative to the histogram , it shows the location,spread ,
shape of the data it may also show outliers.

A box plot consists of 2 tails the length of the box describes the middle 50% of the data it is called as interquartile range
, the two tails extend out to the expected range of measurements the middle line in the box is the median.
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A plant fertilizer manufacturer wants to develop a formula of fertilizer that yields the most increase in the height of plants.
To test fertilizer formulas, a scientist prepares three groups of 50 identical seedlings: a control group with no fertilizer, a
group with the manufacturer's fertilizer, named GrowFast, and a group with fertilizer named SuperPlant from a competing
manufacturer. After the plants are in a controlled greenhouse environment for three months, the scientist measures the
plants' heights.

As part of the initial investigation, the scientist creates a boxplot of the plant heights from the three groups to evaluate
the differences in plant growth between plants with no fertilizer, plants with the manufacturer's fertilizer, and plants with
their competitor's fertilizer.

Open the sample data, PlantGrowth.MTW.

Choose Graph > Boxplot > One Y > With Groups.

In Graph variables, enter Height.

In Categorical variables for grouping (1-4, outermost first), enter Fertilizer.
Click OK.

ok wN R

GrowFast produces the tallest plants overall. SuperPlant also increases plant height, but its variability is greater, and
SuperPlant does not have a positive effect on a large proportion of the seedlings. The graph shows that GrowFast causes a
greater and more consistent increase in plant height.

Boxplot of Height
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Run charts are also known as trend charts or time series charts they are plot of data over time.The vertical axis is the

data value and the horizontal axis represents time eg days, weeks.The run chart helps determine shifts,drifts,pattern in

data over time. Run charts can show a stable process where the location,spread and shape of the data remain constant

over time. When the process has change the run chart shows a upward trend.

what is the difference between standard normal distribution and normal distributions?

Both are normal distributions but standard normal distribution is a particular case of Normal distribution when the
mean is 0 andstandard deviation or variance is 1. This makes Y a “Standard “distribution. So basically X is

Normally distributed and Y is “Standard” normally distributed.

what is the difference between z distribution and normal distribution?

The '2' distribution is a special case of the normal, whose mean is zero and standard deviation is one. ... It is a statistic of
data generally known as z-statistic for normal distribution and the value of z is defined as z =(x-mean)/s.d. that makes the

mean and variance of given data to zero (0) and 1 respectively.

CAPABILITY ANALYSIS

Normal Capability Analysis requires the data to be normal you can check the normality of the data in Minitab 18 using
Anderson-Darling test and then convert the data into normal form using Box-Cox Transformation or Johnson
Transformation.

Calculate the Process Capability — Process Capability is measured by comparing the variation in the product to the upper

and lower specification limits, assuming that the product mean value is exactly centred between the upper and lower

specification limits
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The process capability is calculated using the formula CP = USL-LSL/6 * Standard Deviation where CP = process

capability index, USL = Upper Specification Limit and LSL = Lower Specification Limit.
The Process capability measures indicates the following

1. Process is fully capable
2. Process could fail at any time

3. Process is not capable.

When the process is spread well within the customer specification the process is considered to be fully capable that
means the CP is more than 2.In this case, the process standard deviation is so small that 6 times of the standard deviation

with reference to the means is within the customer specification

Example: The Specified limits for the diameter of car tires are 15.6 for the upper limit and 15 for the lower limit with a

process mean of 15.3 and a standard deviation of 0.09.Find Cp and Cr what can we say about Process Capabilities ?
Cp= USL-LSL/ 6 * Standard deviation =15.6 -15 /6 * 0.09 = 0.6/0.54 = 1.111

Cp=1.111

Cr=1/1.111=09

Since Cp is greater than 1 and therefore Cr is less than 1; we can conclude that the process is potentially capable.
Long term Potential Performance

The long term process performance is calculated using the similar methods as Cp and Cpk with the difference being that

the standard deviation used in this case applies to long term variations.

Formula is Cp = USL-LSL/ 6 * Long term Standard Deviation.

Cpk= USL-XDouble-Bar/3 * Standard deviation or Cpk = X double bar — LSL/ 3 * standard deviation.
The process is said to be stable and centred when Cp=Cpk

It is perfectly possible for Cpk to take a negative value if the centre of the process is outside one of the specification limits

this would represent over 50% of nonconforming products.

Formulas for Cp Cpk and Pp Ppk are Similar
People often get confused about the difference between Pp/Ppk and Cp/Cpk.

Cp, Cpk Formula & Calculations

(TISL— LSL)
Cp=—"—"""
6&
( - )
CplU = ,USLA X
3
B |
CpLs | X ;ALSL.
3a

Cpk = Min(CpU,CplL)
(Cpk > 1.33 is desirable)
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6

Pp, Ppk Formula & Calculations

(LISE— LSL)
=
a
( =¥
Pyl = |UJSEL— X )
3a
(X - |
Pyl = | X — LSL)
3T
Fplk = Min|FpU, FpL)

(Ppk > 1.33 is desirable)

Cok measures how close you are to your target and how consistent you are to around your average performance. A
person may be performing with minimum variation, but he can be away from his target towards one of the
specification limit, which indicates lower C,x, whereas C, will be high. On the other hand, a person may be on average
exactly at the target, but the variation in performance is high (but still lower than the tolerance band (i.e., specification
interval).

In such case also C,k will be lower, but C, will be high. Cok will be higher only when you r meeting the target consistently
with minimum variation.”

The rationale for considering 1.5 sigma shift is based on the Motorola experience that the mean of the process does not
remain constant but varies depending on factors such as tool wear , temperature changes, material variation, drift in
measuring instruments, changes in chemical concentration.

Difference between Cp & Cpk :

Cp is the potential capability indicating how well the process would be if it were centred on the target; this is not
necessarily it’s actual performance because it does not consider the location of the process, only the spread it doesn’t
take into account closeness of the estimated process mean to the specification limits.

Another metric used in conjunction with Cp is Cpk the formula for Cpk = min] USL-Xbar/3 standard deviation , X bar —
LSL/3 Standard Deviation].

Cpk does take into account the location of the data by considering the closeness of the mean to the specification limits.

If Cpk > 1.5 then it is Motorola 6 Sigma Capability and as per Motorola university Cp ,Cpk, Ppk , Pp are interpreted in the
same manner.

You must have a C,x of 1.33 [4 sigma] or higher to satisfy most customers.

In the Six Sigma quality methodology, process performance is reported to the organization as a sigma level. The higher the
sigma level, the better the process is performing.

The process capability index is a dimensionless number(Number without unit of measure) that is used to represent the
ability to meet customer specification limits.The index compares the variability of a characteristic to the specification
limit.two basic process capability indices are Cp,Cpk.

Cp = USL-LSL/6 * standard deviation or Cp = Voice of Customer/Voice of the process= VOC/VOP= Tolerance/Natural
process variation

However the Cp index is limited in its use since it does not address the centering of the process relative to the
specification limits for that reason Cpk was developed; it is defined as Cpk= Min(Cpku,Cpkl)

Where Cpku is the upper process capability index and given by Cpku = USL- Mean/ 3 * Standard Deviation

Cpkl is the lower process capability index and given by Cpkl = Mean-LSL/ 3* Standard Deviation where Mean is the
process average.

The Cpk can be easily Converted into a sigma level using Sigma Level = 3 * Cpk

In Cpk the K is called the k-factor; it measures the level of variation of the process mean from the specified target.
Cpk= (1-k)Cp

Where k = (USL+LSL)/2- Xbar the whole / (USL-LSL)/2
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If K=0 it means that the process is perfectly centred and therefore Cpk = Cp

Cp and Cpk represent long term capability while Pp and Ppk represent short term capability. The AIAG suggests that
using Ppk for less than 30 day production run(that is short term) and Cpk for everything thereafter (That is long term).

Long term variability = short term variability + 1.5 sigma Shift.

If the data is Normal and you have multiple set of variables you can do a Capability Analysis using the option
Stat—=>Quality Tools—> Capability Analysis> Multiple Variables Normal.

If the data is Non-Normal and you have multiple set of variables you can do a Capability Analysis using the option
Stat—>Quality Tools—> Capability Analysis=>Multiple Variables Non-Normal.

Non Destructive Testing (Ultrasonic Testing)

The application of high frequency vibration to the testing of materials is a widely used and important non-destructive
testing method. Ultrasonic waves are generated in a transducer and transmitted through a material which may contain a
defect. A portion of the waves will strike any defect present and be reflected or “echoed” back to a receiving unit, which
converts them into a “spike” or “blip” on a screen. Ultrasonic inspection has also been used in the measurement of
dimensional thickness. One useful application is the inspection of hollow wall castings, where mechanical measurement
would be difficult because of part interference. The ultrasonic testing technique is similar to sonar. Sonic energy is
transmitted by waves containing alternate, regularly spaced compressions and refractions. Audible human sound is in the
20 to 20,000 Hertz range. For non-destructive testing purposes, the vibration range is from 200,000 to 25,000,000 Hertz.
(Where 1 Hertz = 1 cycle per second).

Process Performance Indices

The Process Performance Index is a dimensionless number that is used to represent the ability to meet specification
limits on a characteristic of interest.

The Pp is Computed as Pp= USL-LSL/ 6* Standard deviation.

Similar to the Cpk the Ppk is Computed as Ppk = Min (Ppku,Ppkl)

Where Ppku is the upper process capability index and given by Ppku = USL-XBar/ 3 * Standard Deviation.
Ppkl is the lower Process capability and given by Ppkl = Xbar- LSL/ 3 * Standard deviation.

If the data is Non-Normal you can do a Non-Normal Capability Analysis using the option Stat->Quality Tools—> Capability
Analysis>Non Normal Capability Analysis.

Long Term and Short Term Capability
Cp and Cpk Represents long term capability while Pp and Ppk represent short term capability. The AIAG suggests using
Ppk for less than a 30 day production (that is short term) and Cpk for everything thereafter is long Term.

Example of Normal Capability Sixpack

An engine manufacturer uses a forging process to make piston rings. The quality engineers want to assess the process
capability. They collect 25 subgroups of five piston rings and measure the diameters. The specification limits for piston ring
diameter are 74.0 mm £ 0.05 mm.

The engineers perform normal capability sixpack to check the assumptions for normal capability analysis and to evaluate
how well the diameters of the piston rings meet the requirements.

1. Open the sample data, PistonRingDiameter.MTW.

2. Choose Stat > Quality Tools > Capability Sixpack > Normal.
3. In Single column, enter Diameter.
4

. In Subgroup size, enter 5.
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In Lower spec, enter 73.95.

In Upper spec, enter 74.05.

Click Options.

In Target (adds Cpm to table), enter 74.
Click OK in each dialog box.

w 0 N o U

Interpret the results

The Xbar and R charts indicate that the process is stable, with no points beyond the control limits. The Last 25 Subgroups
plot indicates the data are randomly and symmetrically distributed around the process mean. The normal probability plot
indicates that data are normally distributed. Therefore, the assumptions for normal capability analysis are satisfied and
the capability of the process can be analyzed.

The histogram and capability indices indicate that the process is approximately centered on the target and the
measurements are within the specification limits. The capability indices Cpk, Ppk, and Cpm are all greater than 1.33, which
is a generally accepted minimum value for a capable process. Therefore, the engineers conclude that the forging process
satisfies customer requirements for the diameters of the piston rings.

Process Capability Sixpack Report for Diameter
Xbar Chart Capability Histogram
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Why is Weibull the default distribution for nonnormal capability analysis?

The Weibull distribution is one of the most commonly used distributions to model nonnormal data. The Weibull
distribution is described by the shape, scale, and threshold parameters. Depending on the values of these parameters, the
Weibull distribution can take various shapes.

Distribution Plot
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Effect of the shape parameter
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Effect of the scale parameter

Distribution Plot
Weibull, Shape=5, Scale=3
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Effect of the threshold parameter

One of the main advantages of the Weibull distribution is that it can be similar to the characteristics of other types of
distributions, making it very flexible in fitting different types of data. Examples of uses of the Weibull distribution in place
of other distributions:

The exponential distribution is a special case of Weibull distribution frequently used to study the scattering of radiation or
wind speed.

The Weibull distribution is an alternative to the normal distribution in the case of skewed data.

Other distributions for nonnormal capability analysis

Minitab also provides the following nonnormal distributions to model data for nonnormal capability analysis:

Lognormal
3-parameter lognormal
Exponential
2-parameter exponential
Gamma

3-parameter gamma
Logistic

Loglogistic
3-parameter loglogistic
Smallest extreme value
Largest extreme value

To determine which distribution best fits your data, use your process knowledge and the results of a distribution fit
test, such as Individual Distribution Identification available in Stat-> Quality Tools—> Individual Distribution
identification.

Before and After Capability Analysis Using Minitab

Open Minitab-.> Select Assistant->Select baseline Process data & Enter the before column values and in improved Process
data -> Select the column where the improved data is there -> enter -> specify the lower specification limit and upper
specification limit and the target value which you want to achieve and then click on OK.

How to Determine Sample Size, Determining Sample Size

In order to prove that a process has been improved, you must measure the process capability before and after
improvements are implemented. This allows you to quantify the process improvement (e.g., defect reduction or
productivity increase) and translate the effects into an estimated financial result — something business leaders can
understand and appreciate. If data is not readily available for the process, how many members of the population should
be selected to ensure that the population is properly represented? If data has been collected, how do you determine if
you have enough data?

Determining sample size is a very important issue because samples that are too large may waste time, resources and
money, while samples that are too small may lead to inaccurate results. In many cases, we can easily determine the
minimum sample size needed to estimate a process parameter, such as the population mean #.

When sample data is collected and the sample mean x is calculated, that sample mean is typically different from the
population mean . This difference between the sample and population means can be thought of as an error.
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Sample Size Calculation Example

Problem

A production manager at a call centre wants to know the average time an employee should spend on the phone with a
customer. She wants to be within 2 minutes of the actual length of time and standard deviation of the average time spent
is 3 minutes. What sample Size of calls should she consider if she wants to be 95% confident of her result?
Solution

We are solving for the sample size #.

A 95% degree confidence corresponds to & = 0.05. Each of the shaded tails in the following figure has an area of GV =
0.025. The region to the left of Zag and to the right of z =01is 0.5 -0.025, or 0.475. In the table of the standard normal (=)

distribution, an area of 0.475 corresponds to a z value of 1.96. The critical value is therefore ‘24 = 1.96.

z_ AF :
=
The margin of error E =2 and the standard deviation & =3, ~% = 1.96 Using the formula for sample size :

n=(Z‘3§*3) N2 [ 272=(1.96*3)"2 /4=34574 /4 =8.643
So we will need to sample at least 9 calls.

Minitab Navigation Stat=>Power and Sample Size=>Sample Size for Estimation and Enter the known standard deviation
earlier and the confidence interval.

Minitab’s power and sample size capabilities allow you to examine how different test properties effect each other. For

example with a 2 Sample T test you can calculate.

1] Sample Sizes.

2] Differences (Effects) the minimum difference between the mean for one population and the mean for other you

can detect.
3] Power-The probability of detecting a significant difference when one truly exists.
If you enter values for any 2 Minitab will calculate the third.

The Deliverables of the Measure are given in the table below:

Project Deliverables

Stage

Measure Detail Process Map with points at which
to gather data

Data collection forms

Measurement tools, include gauge R&R

studies

Data on the Process

Process capability and Six Sigma

Calculation

Cost of Quality

Project Status Form
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Probability is the chance or likelihood that something will happen. In statistics the words chance and likelihood are
seldom used to describe the possibilities for the event to take place; instead the word probability is used along with some
other basic concepts. An event is an outcome of an experiment. Determining the number of defects out of a sample of
100 is an experiment and there are many possible events the possible outcomes can be anywhere between 0 and 100.

Discrete probability distributions

A distribution is said to be discrete if it is built on discrete random variables. The discrete probability distributions are
Binomial and Poisson

Binomial distribution is one of the simplest probability distributions. It assumes an experiment with n identical trials with
each trial having only 2 possible outcomes considered as success or failure. Each trial is independent of the previous one.

Problem: An operations manager has 16 production lines that produce the exact same type of product. The Production
lines are supposed to be operational at 6:00 AM every day. The Probability for a machine on a line to go down is 0.15. The
operational manager wants to know how many lines will be operational at the start of the shift. He also wants to have the
distribution for the probability of the lines not operating.

Solution :- Open Minitab -> Click on Calc then Click on Probability Distribution and then on Binomial and in column C1
enter values 1 to 16 when the binomial Distribution box appears in number of trials enter 16 and probability of

success enter 0.15 and in input column enter C1 you get the probability as shown in the table below.

Binomial withn=16 and p=0.15

X P(X<x)

1 0.28390
2 0.56138
3 0.78989
4 0.92095
5 0.97646
6 0.99441
7 0.99894
8 0.99984
9 0.99998
10 1.00000
11 1.00000
12 1.00000
13 1.00000
14 1.00000
15 1.00000
16 1.00000

Poisson distribution: The binomial are used to calculate the probability for one outcome out of two. Not all situations
exhibit only 2 alternatives. For instance an engineer might want to know the number of defects in a engine these
examples do not state a number of trials nor do they state the number of alternative outcomes they only describe the
occurrence of an event within a time frame.

Problem: For Example the employee attrition rate at a company follows a Poisson distribution with a mean of 4 a month;
the HR Director wants to know the probability that between five and seven employees would leave the company next
month.

We will use SigmaXL tool to do the