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Lean vs. Six Sigma
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Six Sigma is a process that enables companies to 
increase profits dramatically by streamlining 
operations, improving quality, and eliminating defects 
or mistakes in everything a company does, from raw 
materials to finish goods. A Six Sigma process generates 
a defect probability of 3.4 parts per million (PPM).

 Key activities in Six Sigma are:
1. Understanding customer needs (in quantifiable terms) 
2. Translating the needs into the measurable outcomes 

 Key objectives in Six Sigma are:
1. Understanding & measuring the process inputs
2. Looking at the root causes of variation 

Values of Six Sigma
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 X1 . . . XN

 Independent
 Input-Process
 Cause
 Problem
 Control

f (X)Y=

The Focus of Six Sigma

• Y
• Dependent
• Output
• Effect
• Symptom
• Monitor
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key process input variable (KPIV)

Key Process Input Variable (KPVI)
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PPM in Six Sigma
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Sigma Quality Level
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30,000-Foot-Level Metric
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Six Sigma Roadmap: DMAIC 
Next Project Define

Customers, Value, Problem Statement
Scope, Timeline, Team
Primary/Secondary  & OpEx Metrics
Current Value Stream Map
Voice Of Customer (QFD)

Measure
Assess specification / Demand
Measurement Capability (Gage R&R)
Correct the measurement system
Process map, Spaghetti, Time obs.
Measure OVs & IVs / Queues

Analyze (and fix the obvious)
Root Cause (Pareto, C&E, brainstorm)
Find all KPOVs & KPIVs
FMEA, DOE, critical Xs, VA/NVA
Graphical Analysis, ANOVA
Future Value Stream Map

Improve
Optimize KPOVs & test the KPIVs
Redesign process, set pacemaker
5S, Cell design, MRS
Visual controls
Value Stream Plan

Control
Document process (WIs, Std Work)
Mistake proof, TT sheet, CI List
Analyze change in metrics
Value Stream Review
Prepare final report

Validate 
Project $

Validate 
Project $

Validate 
Project $

Validate 
Project $

Celebrate    
Project $
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Project Name:
Estimated 

completion 
date

Actual 
completion 

date

  Define Customers and Requirements (CTQs) 
  Develop Problem Statement, Goals and Benefits 
  Identify Champion, Process Owner and Team 
  Define Resources 
  Evaluate Key Organizational Support 
  Develop Project Plan and Milestones 
  Develop High Level Process Map

  Define Defect, Opportunity, Unit and Metrics 
  Detailed Process Map of Appropriate Areas 
  Develop Data Collection Plan 
  Validate the Measurement System 
  Collect the Data 
  Begin Developing Y=f(x) Relationship 
  Determine Process Capability and Sigma Baseline

Met Measure Phase Criteria No
Measure

Define
Met Define Phase Criteria

StatusDMAIC PROCESS AND PHASE GATE

No

Six Sigma Methodology (DMAIC)
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Six Sigma Methodology (DMAIC)

  Define Performance Objectives 
  Identify Value/Non-Value Added Process Steps 
  Identify Sources of Variation 
  Determine Root Cause(s) 
  Determine Vital Few x's, Y=f(x) Relationship

  Perform Design of Experiments 
  Develop Potential Solutions 
  Define Operating Tolerances of Potential System 
  Assess Failure Modes of Potential Solutions 
  Validate Potential Improvement by Pilot Studies 
  Correct/Re-Evaluate Potential Solution

  Define and Validate Monitoring and Control System 
  Develop Standards and Procedures 
  Implement Statistical Process Control 
  Determine Process Capability 
  Develop Transfer Plan, Handoff to Process Owner 
  Verify Benefits, Cost Savings/Avoidance, Profit Growth 
  Close Project, Finalize Documentation 
  Communicate to Business, Celebrate

Analyze
Met Analyze Phase Criteria No

Improve
Met Improve Phase Criteria No

Control
Met Control Phase Criteria No
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DFSS vs. DMAIC
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Measure

Machining a shaft
on a lathe

Inputs (x’s)
Rotation speed
Traverse speed
Tool type
Tool sharpness
Shaft material
Shaft length
Material removal per cut
Part cleanliness
Coolant flow
Operator
Material variation
Ambient temperature
Coolant age

Outputs (Y’s)
Diameter
Taper
Surface finish
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Measurement System Error

Precise but 
not accurate

Accurate but 
not precise

Not accurate 
or precise

Accurate 
and 
precise
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Variable Gauge R&R - What’s Involved?

1 Gauge

3 Appraisers

10 Parts
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Repeatability
Repeatability is the variation in measurements obtained 

with one measurement instrument when used several times by 
an appraiser while measuring the identical characteristic on the 
same part. It is also commonly known as equipment variation. 

In the above figure, the repeatability of Gage A is more than that 
of Gage B as shown by their probability density functions. 

Gage A

Gage B

Gage A

Gage B

Gage A

Gage B
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Reproducibility is the variation in the average of 
measurements made by different appraisers using the 
same instrument when measuring the identical 
characteristic on the same part. It is commonly known as 
appraiser variation.

Operator A

Operator C

Operator B

Reproducibility
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+

=

Repeatability

Reproducibility

Repeatability and Reproducibility
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Average and Range Method (Example)
Consider the following example: (Taken from Measurement 
System Analysis Reference Manual)

No. of Appraisers = 2

No. of Trials         = 3

No. of parts          = 5
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Process Capability

Lower Specification Limit, Upper Specification Limit 20
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Process Capability
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BEFORE
40 NVA STEPS

NOTE: FROM THE CUSTOMER’S 
VIEWPOINT ALL OF ORDER ENTRY 
IS NON-VALUE ADDED

Order Entry Process Map (As-Is)
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AFTER
11 NVA STEPS

REMEMBER: FROM THE CUSTOMER’S VIEWPOINT 
ALL OF ORDER ENTRY IS NON-VALUE ADDED

We eliminated the steps that 
were NVA and 

UNNECESSARY (WASTE)
BEFORE

40 NVA STEPS

Order Entry Process Map (New)
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Value Stream Map - Current State
Customer

Demand = 45 per day
2 shifts

Stamping
342

CT=1sec
Co=1 hr.
Uptime=85%

S. Weld # 1

CT=3 min
Co=10 min.
Uptime=70%

I

I

I
ICoils

5 days

CT= 15 min
Co=0 min.
Uptime=100%
2 shifts

CT= 67 min
Co= 23 min
FTY = 67%
2 shifts

Shipping
I I
81

202122

Assembly Test

90

1X
Daily

90/60/30 day
Forecasts

Order Entry

Production
Control

MRP

6 WEEK
Forecast

Suppliers

WEEKLY SCHEDULE
Lead Time - 34 Days

5 days

1 sec

7.6 days

3 min

1.8 days

15 min

2.7 days

67 min

4.5 days

4 min

2 days

Lead Time 
=23.6 days

1 shift1 shift

CT= 4 min
Co=0
Uptime=100%
2 shifts

Competitive Lead Time 
= 3 Days

Takt Time
= 18.2 Minutes

Orders/day
= 36

Queue 
= 1.5 Days

Touch Time 
= 89 min
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Define

Control

Improve Analyze

Measure

Six Sigma Innovation & the DMAIC Algorithm

Define the problem and customer
requirements.

Measure defect rates and document
the process  in its current incarnation.

Analyze process 
data and determine
the capability of 

the process.
Improve the process and remove

defect causes.

Control process performance and
ensure that defects do not recur.

Analyze Phase
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Ref: www.ccse.kfupm.edu.sa%2F~duffuaa%2Fdownload%2FCourses%2FSE534% 



LSS Workshop 2014, Smart Manufacturing Group 26



LSS Workshop 2014, Smart Manufacturing Group 

Failure Mode and Effects Analysis

Item Potential Potential
S
e
v

C
l
a
s
s

O
c
c
u
r

Current
D
e
t
e
c

R
P
N

Responsibility
Actions Results

Failure Effect(s) of Recommended & Target
Function Mode Failure

Potential Causes/
Mechanisms(s)

Failure
Controls

Action(s) Completion Date
D
e
t

O
c
c

R
P
N

Actions
Taken

S
e
v

What are the 
functions, features
or requirements?

What can go 
wrong?

- No Function

- Partial/ Over/ 
Degraded
Function

- Intermittent
Function

- Unintended
Function

What 
are the

Effect(s)?

How 
bad 
is it?

What are 
the Cause(s)?

How
often 
does

it
happen? 

How can this 
be prevented
and detected?

How
good is

this 
method

at
detecting

it? 

What can be done?

- Design changes

- Process changes

- Special controls 

- Changes to standards, 
procedures, or guides

Prevention/Detection

(D,F,GM. FMEA, 2001)Summary of DFMEA/PFMEA

Who is going
to do it and

when?

What did they
do and what

are the
outcomes

Potential
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System FMEA Product

28

Ref: Bertsche, B., Reliability in Automotive and Mechanical Engineering, Springer, 2008.
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Risk Priority Number (RPN)

Occurrence (O)

Severity (O)

Detection (O)

30
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Web-based Collaborative Methods 

to Facilitate FMEA Process for 

Beamformer

Web-based FMEA
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Improve Phase

Cost-Benefit Analysis Generating  Solutions

Generate solutions including
Benchmarking and select
best approach based on

screening criteria

A
B
C
D

4
1
3
2

Perform cost-benefit
analysis for the

preferred solution

Assessing Risks

Use FMEA  to identify
risks associated with the

solution and take
preventive actions

Piloting
Test 

Full scale 
Original

Pilot the solution on
a small scale and

evaluate the results

2 4 86 10

G

1 3 5 7 9
A

B
C

D

FE

JIH

G

Implementation 

Develop & Execute a full plan
for implementation and
change management

Selecting the Solution

Recommend a solution
involving key
stakeholders.

Design of Experiments

Use DOE and response
surface optimization to
quantify relationships.
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Control Phase
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Comprehensiveness 
of Problem Solving 
Approaches

Problem 
Solving 

Approach

Statistical 
Approach

Systems Design 
Approach

7 Statistical 
Tools

Industrial 
Engineering Tools

New Seven 
QC Tools

Advanced 
Statistical Tools

35



LSS Workshop 2014, Smart Manufacturing Group LSS Workshop 2014, Smart Manufacturing Group 

LEAN

36

A moving assembly line is continuously 

flowing, like a river, and the ideal is to keep all 

material continuously flowing. 

Anything that prevents the flow of material is 

waste.
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Toyota Production Systems House Diagram

37

(Liker, 2004)

Best Quality – Lowest Cost – Shortest Lean Time –
Best Safety – High Morale

Through shortening the production flow by eliminating waste

Just-in-Time
Right part, right 

amount, right time
• Takt time

planning
• Continuous flow
• Pull system
• Quick 

changeover
• Integrated 

logistics

Jidoka
(In-station quality)
Make Problems 

Visible
• Automatic Stop
• Andon
• Person-machine 

separation
• Error proofing
• In-station quality

control
• Solve root cause 

of problems 
(5 Why’s)

People & Teamwork
• Selection  * Ringi decision 

making
• Common * Cross-trained

goals

Continuous Improvement

Waste Reduction
• Genchi * Eyes for waste
• Genbutsu
• 5 Why’s    * Problem Solving

Level Production (heijunka)
Stable and Standard Processes

Visual Management
Toyota Way Philosophy
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IE/Statistical Tools and Techniques …

benchmarking

PUSH/PULL

PERT/CPM

SYNCHRONOUS

TPS

Heuristic
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Challenges in U.S. Manufacturing Systems
U.S. Manufacturing Foreign Manufacturing

Plan

IE/Statistics tools

Theory

Execution

Practice

Mentoring
Culture

Flexibility

Quality
Robustness

IE/Statistical Tools and Techniques …

? ?
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• The Certified Six Sigma Green Belt Handbook, Roderick 
A., Munro, Matthew J. Maio, Mohamed B. Nawaz, 
Govindarajan Ramu, Daniel J. Zrymiak, ASQ Press, 2007

• Antony, J., Kumar, A. and Banuelas, R., World Class 
Applications of Six Sigma: Real World Examples of 
Success, Butterworth-Heinemann; 1 edition, 2006.

• Breyfogle, F. W. III, Implementing Six Sigma, John Wiley 
& Sons, Inc., 2003.

• Cavanagh, R. R., Neuman, R. P. and Pande, P. S., The Six 
Sigma Way: How GE, Motorola and Other Top 
Companies are Honing Their Performance.

• Eckes, G., The Six Sigma Revolution. New York: John 
Wiley and Sons, Inc., 2001.
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• Gitlow, H. S. and Levine, D. M., Six Sigma for Green Belts 
and Champions, Pearson Education, 2005.

• Kubiak, T.M. and Benbow,  D. W., The Certified Six Sigma 
Black Belt Handbook, 2nd Edition.

• Munro, R. A., Maio, M. J. and Nawaz, M. B., Govindarajan
Ramu, and Daniel J. Zrymiak, The Certified Six Sigma 
Green Belt Handbook.

• Pries, K. H. Six Sigma for the New Millennium: A CSSBB 
Guidebook, Second Edition.

• Pyzdek, T. and Keller, P., The Six Sigma Handbook, Third 
Edition: A Complete Guide for Green Belts, Black Belts, 
and Managers at all levels.
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Six Sigma Related Resources
• Annual Lean Six Sigma & Process Improvement Summit

• Lean and Six Sigma Conference – ASQ,, AZ 
http://www.asq.org/conferences/six-sigma/ 

• American Society for Quality, http://www.asq.org/index.html

• ASQ Reliability Division, http://www.asq.org/reliability/index.html 

• IEEE Reliability Society http://www.ieee.org/portal/site/relsoc 

• IIE Quality Control/Reliability Division, 
http://www.iienet2.org/Landing.aspx?id=898 

• Institute of Industrial Engineers, Six Sigma, Quality and Reliability, 
http://www.iienet.org/ 

• IIE Engineering Lean Six Sigma Conference
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Six Sigma Related Resources
• International Journal of Lean Six Sigma

• International Journal of Quality & Reliability 
Management, Emerald

• International Journal of Quality, Statistics, and Reliability 

• International Journal of Reliability, Quality & Safety 
Engineering, World Scientific Pub.

• International Journal of Six Sigma and Competitive 
Advantage

• International Society of Six Sigma Professionals (ISSSP), 
http://www.isssp.com/
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Six Sigma Related Resources
• National Science Foundation (NSF) Industry University Cooperative 

Research Center for Quality and Reliability Engineering, Rutgers 
University and Arizona State University, 
http://coewww.rutgers.edu/~ie/qre/about.html 

• Quality & Productivity Journal

• Six Sigma References from ASQ Store: http://www.asq.org/quality-
press/search-
results/index.html?search_mode=keyword&search_query=six+sigm
a

• Some real-world applications  http://www.amazon.com/World-Class-
Applications-Six-Sigma/dp/0750664592

• www.isixsigma.com

44



LSS Workshop 2014, Smart Manufacturing Group LSS Workshop 2014, Smart Manufacturing Group 

Thank You 
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