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MPN\® Introduction

What is Six Sigma?

The Six Sigma methodologies are a business
philosophy and initiative that enables world-class
quality and continuousimprovementtoachieve the highest
level of customer satisfaction. Metricsare established that
align an organization’s strategic goals and values to
that of their customer’s needs and expectations.

Sigma (o) representsaunitofmeasurementthat designates
the distribution or spread about the mean (average) of a
process. Inbusiness, asigmavalueisametricthatrepresents
how well a process is performing and how often a defect
is likely to occur. The higher the sigma value, the less
variation and fewer defects the process will have. Six
Sigma is the new standard of excellence at only 3.4
defects per million opportunities (DPMO).

How does it work?

The Six Sigma philosophy uses data and statistical
toolsto systematically improve processes and sustain
process improvements. Process metrics are evaluated
based on a comparison of average and variation to
performance specifications or targets.

The methodology is a project-focused approach
consisting of five phases: Define, Measure, Analyze,
Improve, and Control. Projects are selected and Defined
from business, operational, and customer needs, based
on their linkage to executive strategies. In the Measure
phase, tools are applied to validate the measurement
system and to characterize the process. In the Analyze
and Improve phases, sources of variation are identified,
a statistical relationship between the process input and
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output variables is established, and the process
performance is optimized. The Control phase applies
traditional and statistical tools to sustain process
improvements. Emphasis is placed on controlling the key
processinputstoconsistently achieve key process outputs.

The DMAIC Model

What is it?

The DMAIC model is a set of tools outlined in five
phases that are used to characterize and optimize both
business and industrial processes. Each project must
complete the five phases in chronological order.

Define Phase

In the Define phase, the customer needs are stated and
the processes and productstobeimproved are identified.

« High-level process
mapping

Steps Activities/Tools Output(s)
Create « Define process to « Problem statement
problem improve « Project scope
statement « Define project « Project goals

objectives
« |dentify project
stakeholders
« Identify customers
Identify « CT Trees « Identified customer
CTQs needs
Define « Identify performance | « Gap analysis
performance | measures « Business impact
standards « Financial analysis (project savings)

« Project definition

« Project charter

« Project plan/
timeline

« High-level process
map

« Definition of
performance
measures

2 Introduction
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Measure Phase

The Measure phase determines the baseline and target
performance of the process, defines the input/output
variables of the process, and validates the
measurement systems.

Steps Activities/Tools Output(s)
Understand |+ Process-map the as-is |+ Detailed process
process and process map
validate « Identify process « Identified process
measurement| inputs/outputs output variables
system + Collect data (POV) — (y's) and

« Evaluate measurement | their measurements
system of process y’s |+ Identified process
input variables (PIV)
= (x's)
« Validated
performance data
* Measurement system
capability on y's
« Data collection/
sampling plan
Determine |+ Control charts on * Baseline control
process process y's charts
capability « Capability analysis « Baseline capability
« Graphical techniques |+ DPMO
* Zvalue
Finalize « Cause and effect  Revised project
performance | analysis goals
objectives « Create FMEA * Quantified project
* Review of project objectives
goals and plan « Validated financial
goals
* Revised project
plan
« Cause and effect
relationships
* Prioritized risk

©2002 GOAL/QPC,
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Analyze Phase

The Analyze phase uses datato establish the key process

inputs that affect the process outputs.

Steps Activities/Tools Output(s)
Identify « Detailed process map |¢ Identified sources
sources of « Brainstorming of variation
variation « Fishbone diagram « |Identified potential

« Cause & Effect leverage variables
Matrix (KPIVs)
*« FMEA » Updated process
*« SPConx'sandy’s map
* MSAonXxs * Updated FMEA
Screen « Graphical analysis « Potential x’s critical
potential « Hypothesis testing to process
causes « Multi-Vari analysis performance
« Correlation and « |dentified
regression analysis improvement
opportunities
» Data on KPIVs
« Statistical analysis
of data

4
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A Work Breakdown Structure
for the Development of
an Educational Course

Completion

Class Definition Time

Develop Class Objectives 2 Days
Develop Class Outline 3 Days
Assign Lecture Authors 1 Day

Lecture Material

Subject 1
First Draft 4 Days
Review 2 Days
Final Draft 3 Days
Subject 2
First Draft 6 Days
Review 2 Days
Final Draft 5 Days
Printing .
Hire Subcontractor 3 Days
Print Material 5 Days
©2002 GOAL/QPC, Project Management 13
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A CTX Product Tree or Flowdown

®—>| Critical Requirements for Quality, Delivery, and Cost

Complex 4’@
System "®

croictoicTe| [ctictoicTe| [cToictoicTe
4 : : : : : : :
Subsystem CTQ:CTDICTC| |CTQ:CTD:CTC CTQ!CTD:CTC| |CTQ:CTD:CTC|
4—@ [ [ [
Element CTQ:iCTDICTC| [CTQiCTDiCTC CTQiCTDiCTC

1. Critical requirements for quality, delivery, and
costaretranslated fromthe CTS characteristics.

2. The complex level is the first level of the
product tree and describes the final product
or service that is delivered to the customer.
CTQs, CTDs, and CTCscan be found at this
level and are usually expressed as a function
of the immediate lower level characteristics:
CTQ-complex = f (CTQ-systemy, ... CTQ-
system,).

3. The system level isa more detailed breakdown
of the complex level. CTQs, CTDs, and CTCs
can be found at this level and are usually
expressed as a function of the immediate lower
level characteristics: CTQ-system = f (CTQ-
subsystemy, ... CTQ-subsystem,,).

4. The subsystem level is a more detailed
breakdown of the system level. CTQs, CTDs,
and CTCs can be found at this level and are
usually expressed as a function of the
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In a Six Sigma process, customer satisfaction and
business objectives are robust to shifts caused by
process or product variation.

Six Sigma as a Statistical Measure

Three Sigma Process

Average =0
St. Dev. = 2
Tolerance = 12
LSL Shift the average 1.50 usL
By shifting

a three sigma
process 1.50,
we create
66,807 defects
per million
opportunities.

Six Sigma Process

Average =0
St.Dev. =1
Tolerance = 12
LSL Shift the average 1.50 uUSsL
—»
By shifting
a six sigma
process
1.50, we create
only 3.4 defects
per million
opportunities.
T
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Graphical Summary

Graphical summary is a tool that can be used to
summarize acollection of individual observations fora
continuous variable. Quantitative inferences about the
data set can be made by analyzing the many statistics
that a graphical summary provides. Most common
statistical programs provide some version ofagraphical
summary; the following summary comes from
MINITAB™ software.

Graphical Summary

Anderson-Darling
Normality Test

A-Squared: 0.261
0.

P-Value: .671

A Mean 375.000
StDev 23.925

Variance 572.4

Skewness  -3.5E-01

; Kurtosis -4.4E-01

N 21

Minimum 325.000

\ \ \ \ \ 1st Quartile  360.000

B {E Median 375.000
3rd Quartile  395.000

Maximum  415.000

95% Confidence Interval for Mu 95% Confidence
I Interval for Mu
= i ‘ ‘ ‘ 364.110  385.890
3(?5 375 3£§5 3%)5

] 95% Confidence
Interval for Median

95% Confidence Interval for Median 365.000 395.000

95% Confidence
E Interval for Sigma

18.304 34.549

i i ©2002 GOAL/QPC,
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linearity, 74, 77-78
repeatability, 75, 81-82
reproducibility, 75, 81-82, 87-89
stability, 75, 78-79, 86
variability (precision), 75, 88-89

median, 35-36

mean, 35, 145

mode, 36

multicolinearity, 176
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process drift, 45, 241
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R?, 77,173,176

Rl,qj, 173-174, 176
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roles and responsibilities, 7-10
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sample, 38-39, 143, 149

scatter diagram, 107-108

shift factor, 63-64

short-term data, 62, 64

sigma value (Z), 41, 46-48, 61-64
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skewness, 104-105
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sparsity of effects principle,
190, 201

standard deviation, 36-37, 146
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descriptive, 33
inferential, 33

t-distribution table, 251-253
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total productive maintenance,
237-240

type | error, 149-150, 153

type Il error, 150, 153

variable data, 34, 73-74, 76-79, 95,
222,225, 228

variance, 36-37

variation, 43-45, 74
common cause, 44
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short-term, 44
special cause, 44

work breakdown structure
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Z or Z score, 41, 46-48, 61-64

Z table, 246-247

Z transformation, 41-43





