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Roadmap Six Sigma - DMAIC
for improving products and processes

» Q& QO

Define Measure Analyse Improve m

Project Main Ys Process Potential Standardize on
Definition Analysis Solutions the Solution
Team , , . Measure
Formation Y s Data X s Data Best Solution Impact
High Level Capability _ - . Lessons
Process Map Analysis Y=Ff(X) Risks and Pilot Learned
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ANALYSE Y=f(X)

Process -
Analysis Try Answering:

What is the process really like?

X s Data

What are the variables that potentially affect
responses?

What do the input variables reveal?

How do causes affect responses?

Try to find a relationship between X and Y.
The first step is called Process Door and the others of Data Door.
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Analyse: Main Deliverable

Fundamental Requirements:

1. Process Characterization in terms of X, Y and Z

2. How were the data collected to characterize Y = f (X) + 2?
Was it used DOE, Historical Data, Simulation, etc ...?

3. How was the analysisof Y = f (X) + Z done? DOE,
Regression, Simulation, Matrix of Cause and Effect, 5Why's

Y=f(X)+Z
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Process
Analysis

In this phase the metrics Y (and its
units) need to be related do X
variables. Here the practitioner needs
to correct characterize the process,
considering all the details.

The Process Door refers to a
selection of tools and techniques that
help you to understand and gain clues
directly from the process itself.
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X and Y by using Flowchart and
Process mapping

Matorial %Ql};b_é |a II i | | I
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Ex.: Egg tray production

Map the Process as “it is”
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Screening X s by using
Brainstorming / Focus Group /...

List of Xs

Use also tools to reach agreement:
« Agreement analysis,

* Cross-Tabulation.

« Pairwise

« AHP
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X and Y by using Cause and
Effect diagram

Machines

Measurement

Inspection
Materials of Construction

A »g,
O"o %
2, )
Qo, Rust
Fasteners

Sensor Error

Why is a metallic
substance in the
product?

Ceiling Beaﬂ ' Inspector

Mother Nature

Materials Manpower
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X and Y by using SIPOC

Suppliers

Customers

| cTQs (optional) |
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Usually 4 to 7 steps

Step 2

Step 3

Step 4

Six Sigma | P. P. Balestrassi

Saogoooooooooo

Step 5




X s data

In this phase (similar to Measure Y 's data) try to list all the
variables that could impact the response(s).

y x1 x2 x3 x4 x5 x6

60323 83 234289 2356 1590 107608 1947
61122 885 259426 2325 1456, 108632 1948
60171 88.2 258054 3682 1616 109773 1949
61187 895 284599 3351 1650/ 110929 1950
63221 96.2 328975 2099 3093 112075 1951
63639 98.1 346999 1932 3594 113270 1952
64989 99 365385 1870 3547 115094 1953
63761 100 363112 3578 3350 116219 1954

Il ie] 40494 ST ACD ﬁﬁ.“'! 4 47900 450

Define the variables as:
« Discrete or Continuous
« Control variables x Noise variables

If needed use Sampling/MSA/and operational definitions
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Control x Noise variables

Input

Control Factors: Parameters
whose nominal values can be
cost-effectively adjusted by the

engineer.

|

Response
System P

|

Moise Factors: Parameters that
influence system variability but are
difficult, expensive, or impossible

to control.
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The transfer function could be established by using qualitative
tools such as:

1) 5Why’s

2) Brainstorming / Brainwriting

3) Fishbone

4) SIPOC

5) Flowchart

6) Process mapping

7) ..

Statistical tools are though preferable:
1) Regression

2) Design of Experiments

3) Simulation
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5 Why's

5 Why’s

Problem (Effect)

A simple ; Why?
qualitative way
to propose ‘ Why?
Cause and
Effect Why7
. Why?
Exemplo: Why?

1. Why is there a high reject rate of widgets? Because the plastic is stained.

2. Why is the plastic stained? Because there is excess oil in the cutting machine.

3. Why is there excess oil in the cutting machine? Because it is clogging as it is months since it
was cleaned.

4. Why is it so long since it was cleaned? Because we only service machines when they break
down, not on a preventative basis.

5. Why only service after breakdowns? Because maintenance says it is cheaper (but what about
the cost of rejects and rework?).
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Y=f(X) by using Regression

Use Regression when historical data is available

: : Mumber
M ElttEd Line PIDt ——  One X vanable — of X —_— Twoto five X —
. variables variables
Regression

%~ Nonlinear Regression...

Stability Study

B¥ Orthogonal Regression...
%A Partial Least Squares... — Objective

I_L Einﬂr}’ Fitted Line Plot... Fit model only Fit rmodel and
optimize response

Binary Logistic Regression |

Hz Ordinal Logistic Regression...

K. Nominal Logistic Regression... Y Y Y
Simple Multiple Optimize
. . | Regression Regression Response
Poisson Regression ° . %

-
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Y=f(X) by using Design of

:><: Experiments -

Use Regression when historical data is not
available but experiments are possible

Summary m
E o Efficient Experimentation

 Factorial Designs

 Fractional Factorial Designs

e Screening Designs

e Taguchi Designs @
e Response Surface Methodology

e Desirability
e Mixtures
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Y=f(X) by using Simulation

Use Simulation when historical data is not
available and experiments are not possible

Define
Population

Build
Model

Statistical Study

Select
Sample

—»

Calculate
Statistics

Simulation Study

Run
Simulation

—»

Make
Inference

Analyze
Output
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