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La� Tesis� de� Grado,� se� desarrolla� en� una� empresa� dedicada� a� la�

comercialización�de�electrodomésticos�de�línea�blanca�y�marrón�(audio�&�video)�

en� Ecuador,� con� presencia� desde� el� año� de� 1997,� que� actualmente� está�

implementando�a�nivel�mundial� la�metodología�six�sigma�en� todas�sus�plantas�

de� producción� y� sus� centros� de� información� (oficinas).� Dedicada� en� Ecuador�

exclusivamente� a� brindar� el� soporte� en� ventas� y� servicio� técnico� para� sus�

clientes,�con�oficina�principal�en� la�ciudad�de�Guayaquil,�donde� la�operación�a�

nivel�de�Latinoamérica�se�maneja�desde� la�ciudad�de�Panamá,�se�presenta�el�

proyecto� de� Mejora� de� Pronóstico� de� una� Bodega� de� Repuestos� de�

Electrodomésticos�a�través�de�la�Metodología�Six�Sigma.��

Esta�tesis�por�medio�del�uso�ordenado�de�diferentes�herramientas,� (la�mayoría�

estadísticas)� se� define� que� el� proceso� de� pronóstico,� requiere� mejoras,� se�

establece�los�métricos�para�cuantificar�el�proceso�y�poder�analizarlo,�se�planteo�

las� mejoras� y� se� establecen� los� controles,� que� permite� alcanzar� los� objetivos,�

reduciendo�el�monto�de� inventario,�su�costo�por�baja� rotación,�y�mejora�de� los�

tiempos�de�análisis�en�órdenes�de�compra.�
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ACC:� Línea�de�accesorios�para�cualquier�línea.�
AUDIO:� Línea�de�audio�
BACKORDER.:� Pedidos�de�repuestos�pendientes�
Big�Y:� Se�define�así.�
Cpk:� Es�el� índice�de�Capacidad�para�un�proceso�estable.�Es�

el� cociente� entre� la� amplitud� requerida� y� la� amplitud�
natural,� teniendo� en� cuenta� la� media� del� proceso�
respecto� al� punto� medio� de� ambos� limites� de�
especificación.�

CSA:� Centro�de�Servicio�Autorizado��
CTQ:� Puntos�Críticos�(Critical�Quality)�
DMAIC:� Es�la�Organización�y�estructura�Six�Sigma,�metodología�

Six� Sigma,� el� cual� comprende� la� fase� de� definición,� la�
fase�de�medición,�la�fase�de�análisis,�la�fase�de�mejora�y�
la�fase�de�control.�

FILLRATE.:� Índice�de�disponibilidad�de�ítems�
FIFO:� (First�In,�First�Out�S�primero�en�entrar,�primero�en�salir).�

Método�de�estructuración�de�datos�que�es�utilizado�en�
colas.�

Forecasting:� Pronóstico��
ITEM.:� Descripción�corta�de�un�repuesto�
KPI:� Indicador�de�desempeño�
Lead�time:� Tiempo�de�espera.�



�
LIFO:� (Last�In,�First�Out�S�último�en�entrar,�primero�en�salir).�

LIFO�es�un�método�de�estructuración�de�datos�para�la�
creación�de�pilas.�

�
Little�y:� Se�define�así.�
Minitab:� Programa�informático�que�analiza�en�forma�estadística�

los�datos�ingresados.�
�
MON:� Línea�de�monitores.�
MWO:� Línea�de�horno�microondas�
Ppm:� Partes�por�millón�
PHONES:� Línea�de�teléfonos�celulares�
(PM):� Gerente�de�Producto�[Product�Manager]�
P/O.:� Orden�de�compra�(Purchase�order)�
PSI:� � �������Compras,�Ventas�e�Inventario.�(Purchase,�Sales,��
QFD:� Desarrollo�o�despliegue�de�la�función�de�calidad�(Quality��

function�deployment)�
RAC:� Línea�de�aires�acondicionados�
REF:� Línea�de�refrigeradoras�
RTAT:� Tiempo�Promedio�de�Reparación�(Repair�Technical�

Average�Time)�
R&D:� Investigación�y�Desarrollo�(Research�&�Development)�
SVC:� Departamento�de�Servicio�(Service)�
TDR:� Proyecto�de�Reingeniería�(Tear�Designe�Redefine)�
TURNOVER�RATE.:�Índice�de�rotación�en�meses�
TV:� Línea�de�televisión�
VAC:� Línea�de�aspiradoras�
VIDEO:� Línea�de�video.�
VOC:� Voz�del�Cliente�(Voice�of�Customer).�

�������Inventory).�
WM:� Línea�de�lavadoras�
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Max� Máximo�
Min� Mínimo�
$k� Miles�de�dólares�
6∂� Six�Sigma�
KRW� Won�moneda�de�la�República�de�Korea�del�Sur�
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Fillrate 2003 2004

USL * *

TARGET * *

LSL 75.0000 75.0000

MEAN 66.9833 63.0500

SAMPLE N 12 12

StDEV (Within) 9.0438 9.3965

StDEV (Overall) 14.2290 12.4454

Cp * *

CPU * *

CPL -0.3 -0.42

Cpk -0.3 -0.42
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Inventario 2003 2004

USL 60.000 60.000

TARGET * *

LSL 20.0000 20.0000

MEAN 55.1667 34.7225

SAMPLE N 12 12

StDEV (Within) 2.7457 1.0912

StDEV (Overall) 6.9220 7.1087

Cp 2.43 6.11

CPU 0.59 7.72

CPL 4.27 4.5

Cpk 0.59 4.5

Analisis de Capacidad
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Turnover Rate 2003 2004

USL 3.000 3.000

TARGET * *

LSL * *

MEAN 9.2025 2.9008

SAMPLE N 12 12

StDEV (Within) 1.9844 0.1387

StDEV (Overall) 4.1844 0.9542

Cp * *

CPU -1.04 0.24

CPL * *

Cpk -1.04 0.24

Analisis de Capacidad
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Upon completion of this course, you will be able to�

Explain the purpose of Measure Phase within D-MAIC.

Understand what is meant by �Process Ys�.

Interpret graphs of baseline data.

Understand the importance of using measurement systems that are repeatable and reproducible.

Measure Phase Overview

Name: ___________________________________________

Date: ____________________________________________

Instructor:  ________________________________________

MM

Reviewed By: _______________________________________ Date: ___________________________

Identify a process within your plant or organization, and specify the primary process output.

List customers of the process.

For one primary customer group, identify what they care about. Select one critical customer care-about.

Identify a Process Y. That is, determine what can be measured as an output of the process that links to 

the customer care-about.

MM

Measure Phase Overview

High-Level �As-Is� Process Map High-Level �As-Is� Process Map 

Measures of 

process output

Verified 

measurement 

systems

Baseline graphs

High-level �as-Is� 

process map

To baseline the 

performance of the 

existing process.

Remember: 

Measure what is 

important to the 

customer!

Create high-level �As-Is� map.

Determine measures and 

verify measurement system.

Determine performance 

standards.

Plan, collect and graph data.

Set improvement target.

11
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Course ObjectivesCourse Objectives

ReviewReview

ApplicationApplication

Measure Phase TasksMeasure Phase TasksMeasure Phase Outputs Measure Phase Outputs 

Notes

Baseline Performance of �Make Seat Frame� ProcessBaseline Performance of �Make Seat Frame� Process

Purpose Purpose 

Additional Resources

ExamplesExamples

Collect and Graph the DataCollect and Graph the Data

0Subgroup 10 20 30 40 50 60

10
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Baseline Performance Target Performance (Not Actual Data)

GAP

In this case, goal is to �

� Reduce variability in weld strength, and 
� Increase the average weld strength.

Set TargetSet Target

Collect and Graph the DataCollect and Graph the Data
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Baseline Performance Target Performance (Not Actual Data)

GAP

In this case, goal is to �

� Reduce variability in weld strength, and 
� Increase the average weld strength.

Set TargetSet Target
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Baseline Performance Target Performance (Not Actual Data)

GAP

In this case, goal is to �

� Reduce variability in weld strength, and 
� Increase the average weld strength

Set TargetSet Target

Stamp Weld Paint Assemble

Process: Make Seat Frame
Output

Seat 

Frame

Example from Seat Frame Plant:

Stamp Weld Paint Assemble

Process: Make Seat Frame
Output

Seat 

Frame

Example from Seat Frame Plant:

Weld Strength is selected as Process Y since it is 

linked to critical customer care-about: �safe during 

crash.�

Extended application: Participate on a Six Sigma team.

AG Six Sigma Website: http://w3.ag.na.jci.com/Departments/six_sigma/ > Reports & Materials  > Training Materials

Six Sigma Online Skills Training: http://w3.ag.na.jci.com/administration/training/sixsigma/indexsixsigma.htm

AG Six Sigma Website:  http://w3.ag.na.jci.com/Departments/six_sigma/ > R-DMAIC Process > Measure Phase

Suggested Reading:  Wheeler, Donald J., Understanding Variaton � The Key to Managing Chaos, SPC Press, 

Knoxville, TN, 2000.



Identify causes (Xs) of 

variation and defects.4

Provide statistical evidence 

that causes are real.

Commit to improvement 

target for Y.

5

Identify what�s important 
to the customer.
Define project scope.

1

Determine what to 
measure (Y) and validate 
the measurement system.

2

Quantify current 
performance and 
estimate improvement 
target.

3

Put controls in place to 
maintain improvement over 
time.

8

Provide statistical evidence 
that the improvement is 
sustained.  (3 months of data) 

9

Determine solutions (ways 
to counteract causes)
including operating levels 
and tolerances.

6

7

AnalyzeAnalyze

MeasureMeasure

DefineDefine

ControlControl

ImproveImprove

Measure_OF_E_1-28-04.ppt

Install solutions and
provide statistical evidence
that the solutions work.

MeasureMeasure

Tools Sequential Questions Outputs

Improvement Project Storyboard � Measure Phase
Use the tools as appropriate to the project. The questions are a guide to what should be asked of the Team by the Champion and Black Belt.

Baseline Performance of a Process

� Input-Process-Output (IPO)

Diagram

� Process Mapping

� Check Sheet

� Pareto Diagram

� Measurement Systems Analysis  (MSA)

� Process Capability Analysis

Updated Problem

Statement/Project 

Objective

- narrowed project scope

Validated Measurement

System Analysis

Baseline Process/Product

Performance (Cpk, PPM 

or DPMO, Sigma Level)

Estimated Improvement 

Target

7. For each critical characteristic selected for improvement, 
specifically what should be measured (Y)? What are the collateral Ys
to be measured? How will you assure that you do not negatively 
affect other critical outputs?

8. What are the process boundaries within which we can make 
changes to improve the Ys?

9. What existing data is available to assess current performance?

10. Is the measurement system adequate? If not, how can it be 
improved?

11. What are the  �opportunities� and defects at each process step?

12. What is the current performance (Cpk, PPM or DPMO, Sigma 
Level)?

13. Based on this analysis has the scope of the project been 
narrowed sufficiently to establish a manageable and specific focus?

14. What is the estimated improvement target?

F
re

q
u
e
n
c
y

A
B

C

D

E

PARETO OF SPECIFICS

Cp, Cpk

0 1.5- 1.5 4.53.52.5- 4.5 - 3.5 - 2.5

PROCESS CAPABILITYPROCESS MAP

CHECK SHEET

Specific

Indicator
Current Level

Target

SPECIFIC IMPROVEMENT

TARGET

B
e

tt
e

r

Show Data/Graphs

Champion/BB

Exit Review

3020100

9000

8000

7000

6000

5000

4000

3000

2000

Observation Number

In
d
iv

id
u
a

l V
a

lu
e

I Chart for P-30

Mean=5505

UCL=8512

LCL=2497

Upper Control 

Limit

Upper Control 

Limit

Average 

Push-out = 

5505

Average 

Push-out = 

5505

Lower Control 

Limit

Lower Control 

Limit

Time 

� Process Behavior Charts show if a process is stable over time.

� The centerline shows where the process is running on average.

� The control limits represent the natural bounds of the data.
(People do not decide what control limits should be.
The data decides).

� If the points fluctuate randomly inside the control limits,
then the process is stable.

� Process Behavior Charts show if a process is stable over time.

� The centerline shows where the process is running on average.

� The control limits represent the natural bounds of the data.
(People do not decide what control limits should be.
The data decides).

� If the points fluctuate randomly inside the control limits,
then the process is stable.

� This analysis looks at how much of 
the product is inside engineering 
specification limits.

� Remember, a �Six Sigma� process 
yields 3.4 parts per million (PPM) 
over the long term.

� This analysis looks at how much of 
the product is inside engineering 
specification limits.

� Remember, a �Six Sigma� process 
yields 3.4 parts per million (PPM) 
over the long term.

Process Capability:Process Behavior:

750070006500600055005000450040003500

Lower 

Specification 

Limit

Upper 

Specification 

Limit



Upon completion of this course, you will be able to�

Explain the purpose of Improve Phase within D-MAIC.

Understand what is meant by �output response,� �factors� and a �designed experiment (DOE).�

Understand what is meant by a counteraction.

Determine possible ways to counteract potential causes.

Understand the importance of verifying the counteraction with data

Improve Phase Overview

Name: ___________________________________________

Date: ____________________________________________

Instructor:  ________________________________________

II

Reviewed By: _______________________________________ Date: ___________________________

Brainstorm at least 5 possible counteractions for the verified cause given below (or for example 

provided by instructor).

Evaluate the brainstormed counteractions using the following criteria:

� Effectiveness

� Ease to implement

� Cost

� Safety

Select the counteraction(s) that received the best evaluation.

II

Improve Phase Overview

DOE from Molding ExperimentDOE from Molding Experiment

List of verified 

counteractions

Verification data 

from short-term 

trial of solutions 

Plan for full-scale 

implementation

�To-Be� Process 

Map

To identify and 

implement 

counteractions to 

verified causes.

Remember: Be 

creative! Think out 

of the box!

Brainstorm counteractions for 
each verified cause
(or conduct DOE)

Evaluate and select 
counteractions
(or identify best levels from DOE)

Conduct short-term 
verification of counteractions, 
and plan full-scale 
implementation

11

22

33

Improve_OF_E_1-28-04

Course ObjectivesCourse Objectives

ReviewReview

ApplicationApplication

Improve Phase TasksImprove Phase TasksImprove Phase Outputs Improve Phase Outputs 

Notes

Evaluating Counteractions from Prototype ProcessEvaluating Counteractions from Prototype Process

Purpose Purpose 

Additional Resources

ExamplesExamples

A team focused on improving service within a restaurant

(Michelle�s Steakhouse) collected the baseline data at left.

One verified cause for meals returned to kitchen:

Steak �doneness� (well, med well, med, med rare, rare) is a matter 

of perception. Brainstorm possible counteractions for this cause!

Y1: Meals returned to Kitchen per 200 Orders
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Subgroup

On 

average,

28 out 

of 200 

orders 

have 

meals 
returned 

to 

kitchen.

Y1: Meals Returned to Kitchen per 200 Orders
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Subgroup

On 

average,

28 out 

of 200 

orders 

have 

meals 
returned 

to 

kitchen.

Request Call Return from Supplier

Auto-fax: Modify Access Database to fax

and e-mail confirm.

Send Supplier E -Mail Version of the PO file

Fax from Master Contact List

C
o

s
t

E
a

s
e

 to
 

Im
p
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m

e
n

t

E
ffe

c
tiv

e
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e
s
s

Counteractions

Request Call Return from Supplier

Auto-

Send Supplier E -

Fax from Master Contact List
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Counteractions

Legend: Very effective, easy to implement, low cost

Moderately effective, moderately east to implement, moderate cost

∆ Not very effective, hard to implement, high cost
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Die Temp Nozzle Temp Shot Size Inj. Press

Factor Effects

Y = Part Strength

Extended application: Participate on a Six Sigma team.

AG Six Sigma Website: http://w3.ag.na.jci.com/Departments/six_sigma/ > Reports & Materials  > Training Materials

Six Sigma Online Skills Training: http://w3.ag.na.jci.com/administration/training/sixsigma/indexsixsigma.htm

AG Six Sigma Website:  http://w3.ag.na.jci.com/Departments/six_sigma/ > R-DMAIC Process > Improve Phase
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Identify causes (Xs) of 

variation and defects.4

Provide statistical evidence 

that causes are real.

Commit to improvement 

target for Y.

5

Identify what�s important 
to the customer.
Define project scope.

1

Determine what to 
measure (Y) and validate 
the measurement system.

2

Quantify current 
performance and 
estimate improvement 
target.

3

Put controls in place to 
maintain improvement over 
time.

8

Provide statistical evidence 
that the improvement is 
sustained.  (3 months of data)

9

Determine solutions (ways 
to counteract causes)
including operating levels 
and tolerances.

6

7

AnalyzeAnalyze

MeasureMeasure

DefineDefine

ControlControl

ImproveImprove

Improve_OF_E_1-28-04.ppt

Install solutions and
provide statistical evidence
that the solutions work.

ImproveImprove

Tools Sequential Questions Outputs

Improvement Project Storyboard � Improve Phase
Use the tools as appropriate to the project. The questions are a guide to what should be asked of the Team by the Champion and Black Belt.

Solutions to Counteract 

the Causes

Optimal Settings and 

Tolerances for Key 

Process Input Variables 

(Xs)

Small-scale Installment of 

Solutions & Data Verifying 

their Impact on Y

Collateral Y Impact 

Assessment

Full-scale Implementation 

of Solutions

New Process Map

Show Data/Graphs

Champion/BB
Exit Review

20. For each verified cause (X), what are the possible ways to 
counteract the cause?

21. Of these possible solutions, which ones are thought to be most 
effective, easiest to implement and lowest cost?

22. For each key process input variable (X), what is the optimal 
setting and tolerance.

23. How can each �solution� be verified with data prior to full-scale 
implementation?

24. Will these solutions allow us to meet our improvement target?
If not, what causes or solutions have we missed?  What is the 
predicted impact on Y?

25. What is the predicted impact on collateral Ys?

26. How do we implement all solutions full scale (what, where, when,
how, who?) Is the process owner engaged in the installment of the 
solutions?

� Design of Experiment (DOE)

� Error Proofing

� Statistical Tolerancing

� Failure Mode & Effects

Analysis   (FMEA)

� Hypothesis Testing FMEA

L/S

WorkpieceL/S

Workpiece

Correct

Incorrect

Errorproofing

Y

N

C

X

DOE (optimize)

BEFORE AFTER

EFFECT

Decision Criteria

(1) (2) (3) (4) (5)

A

Solution B

Options C

D

Decision Matrix

Design of Experiment (DOE)

W3BasicDesignofExperiments.ppt9Johnson Controls, Inc. © June 2003

Molding ExampleMolding Example

Molding

Inputs Output (Y)Process

Part 

Dimension

Cycle Time

Mold Temp 

Holding Pressure

Holding Time

Material Type

Objective:  To achieve uniform part dimension at a 

particular target value.

Factors
in the 

experiment

Output
of the

experiment

( )

W3BasicDesignofExperiments.ppt9Johnson Controls, Inc. © June 2003

Molding ExampleMolding Example

Molding

Inputs Output (Y)Process

Part 

Dimension

Cycle Time

Mold Temp 

Holding Pressure

Holding Time

Material Type

Objective:  To achieve uniform part dimension at a 

particular target value.

Factors
in the 

experiment

Output
of the

experiment

( )

W3BasicDesignofExperiments.ppt10Johnson Controls, Inc. © June 2003

Components of DOEComponents of DOE ExamplesExamples

Experimental Trials or Runs
The specific test combinations of factors and levels that are

run during the experiment.

Time x Temp:

The best level for time 

depends on what

temperature is set.

Interactions
The degree to which factors depend on one another.  Some

experiments evaluate the effect of interactions.  Others do

not.

Factor Levels

B.  Mold Temp.            600° 700°

E.  Mat�l. Type            Nylon  Acetal

Levels
The values at which factors are set.

A.  Cycle Time

B.  Mold Temp.

C.  Holding Pressure

D.  Holding Time

E.  Material Type

Factors
The process input variables that are set at

different levels to see their effect on the

output. 

Part Dimension
Output Response 
The output that is measured as the result of the experiment

and is used to judge the effects of factors.

+1+1-1+1-13

+1+1+1-1-12

-1-1-1-1-11

DataEDCBARuns

-1=Low Level     +1=High Level

.

.
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Components of DOEComponents of DOE ExamplesExamples

Experimental Trials or Runs
The specific test combinations of factors and levels that are

run during the experiment.

Time x Temp:

The best level for time 

depends on what

temperature is set.

Interactions
The degree to which factors depend on one another.  Some

experiments evaluate the effect of interactions.  Others do

not.

Factor Levels

B.  Mold Temp.            600° 700°

E.  Mat�l. Type            Nylon  Acetal

Levels
The values at which factors are set.

A.  Cycle Time

B.  Mold Temp.

C.  Holding Pressure

D.  Holding Time

E.  Material Type

Factors
The process input variables that are set at

different levels to see their effect on the

output. 

Part Dimension
Output Response 
The output that is measured as the result of the experiment

and is used to judge the effects of factors.

+1+1-1+1-13

+1+1+1-1-12

-1-1-1-1-11

DataEDCBARuns

-1=Low Level     +1=High Level

.

.

What is a Design of Experiment (DOE)?

Deliberate and systematic changes of input variables (factors)

to observe the corresponding change in the output (response).

Why conduct a DOE?

� To find the factors that most strongly affect the process output.

� To find the best operating levels for the strong factors.



Upon completion of this course, you will be able to�

Explain the purpose of Control Phase within D-MAIC.

Understand what is meant by �hard� versus �soft� controls.

Understand the importance of using hard controls and visual management.

Interpret a control plan.

Control Phase Overview

Name: ___________________________________________

Date: ____________________________________________

Instructor:  ________________________________________

CC

Reviewed By: _______________________________________ Date: ___________________________

For the example below (or for example provided by instructor), brainstorm possible ways to assure the 

team�s counteraction stays in place over time. 

From your brainstormed list of ideas, select the �control� method that you believe would be best. Why?

CC

Control Phase Overview

Visual Control � Injection Molding ExampleVisual Control � Injection Molding Example

Control Plan (hard 

controls in place)

Plan implemented to 

collect validation data

�Before� & �After� graph

Visual management 

system

To control the Xs to 

maintain the 

improvement in the Ys.

Remember: Use hard 

controls whenever 

possible!

Create and execute complete 

Control Plan

Identify and install visual 

management system

Create �Before� & �After� 

graph to show improvement

Create and execute plan to 

leverage across the company

11

22

33

44

Control_OF_E_1-28-04

Course ObjectivesCourse Objectives

ReviewReview

ApplicationApplication

Control Phase TasksControl Phase TasksControl Phase Outputs Control Phase Outputs 

Notes

Control Plan � Injection Molding ProcessControl Plan � Injection Molding Process

Purpose Purpose 

Additional Resources

ExamplesExamples

Steak �doneness� (well, med well, med, 

med rare, rare) is a matter of perception.

Flow Meter Standard

Date: XX/XX/XX

9

8

7

6

5

4

3

2

1

Adjust the flow until the top of 

the float is in the Green area.

If, during molding, the top of the 
float moves into the yellow 

areas, adjust the flow.

If the top of the float can not be 

adjusted into the green area, shut 
down the job and find the root 

cause of the flow problem.

For Questions, Comments or Suggestions contact 

Mary at 5671 on day shift.

 Sample Manufacturing Control Plan                         
Part Name/Family:             Prepared by:                            Page:     of 
Part Number:                     Approved by:                            Document No: 
Plant/Area:                                                                          Rev. Date: 

 
Process / 

step/ 
Characteristic
/ Parameter 

CTS 
Specifications/ 
Requirement 

Measurement 
Methed 

Sample 
Size 

Frequency 
Who 

Measures 
Where 

Recorded 
Decision Rule/ 

Corrective Action 

Injection 
Molding 

(Machine 
# 16) 

Y : Part 
Dimension 

CTQ 
3.250 + 0.005 in. 

Cpk=2 
Gage # 042 5 Each hour Operator 

X Bar & R 
Chart 

If out of control 
condition appears, 
100% inspect all 
parts since last 

check. If X Bar out-of 
control, adjust 

injection pressure. If 
R out-of �control, 

adjust coolant flows. 

          

� 
X : Cavity 
Pressure 

CTQ 
1200 + 15 psi 

Cpk = 2 

Pressure 
transducer in 

cavity 
5 

(automatic, 
continuous reading) 

X Bar & R 
(automatic, 
on monitor)  

If out-of-control 
condition appears, 
check:  Injection 

pressure settings; 
Temperature 

controller.  

          

� 
X : Coolant 

Flow 
CTQ 5 gal / minute 

Flow meter on 
machine 

1 Each hour Operator 
Check 

Sheet by 
Machine 

If flow in yellow, 
adjust to green. If 
flow in red, 100% 
inspect all parts since 
last check, and adjust 
flow to green. 

A team focused on improving service within a restaurant 
(Michelle�s Steakhouse) collected the baseline data below.

Y1: Meals Returned to Kitchen per 200 Orders

100

50

40

30

20

10

0

M
e
a

ls
R

e
t
u
r
n

e
d

100

50

40

30

20

10

0

M
e
a

ls
R

e
t
u
r n

e
d

100

50

40

30

20

10

0

M
e
a

ls
R

e
t
u
r
n

e
d

100

50

40

30

20

10

0

M
e
a

ls
R

e
t
u
r n

e
d

Subgroup

On 
average,

28 out 
of 200 
orders 
have 
meals 

returne
d to 

kitchen.

One verified cause for meals returned to 
kitchen:

Measure: Analyze:

Improve:
Counteraction: Server will always provide 

customers with this description of steak 
�doneness�:

Control: Brainstorm possible ways to assure that all servers communicate this 
�doneness� description to all customers who order steaks.

Rare:Cold pink center
Med Rare:Cool pink center
Med:Warm pink center
Med Well: Warm, slight pink center
Well: Hot, cooked-through center

Extended application: Participate on a Six Sigma team.

AG Six Sigma Website: http://w3.ag.na.jci.com/Departments/six_sigma/ > Reports & Materials  > Training Materials

Six Sigma Online Skills Training: http://w3.ag.na.jci.com/administration/training/sixsigma/indexsixsigma.htm

AG Six Sigma Website:  http://w3.ag.na.jci.com/Departments/six_sigma/ > R-DMAIC Process > Control Phase
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1 2

Identify causes (Xs) of 
variation and defects.4
Provide statistical evidence 
that causes are real.
Commit to improvement 
target for Y.

5

Identify what�s important 
to the customer.
Define project scope.

1

Determine what to 
measure (Y) and validate 
the measurement system.

2

Quantify current 
performance and 
estimate improvement 
target.

3

Put controls in place to 
maintain improvement over 
time.

8

Provide statistical evidence 
that the improvement is 
sustained.  (3 months of data)

9

Determine solutions (ways 
to counteract causes)
including operating levels 
and tolerances.

6

7

AnalyzeAnalyze

MeasureMeasure

DefineDefine

ControlControl

ImproveImprove

Control_OF_E_1-28-04.ppt

Install solutions and
provide statistical evidence
that the solutions work.

ControlControl

Tools Sequential Questions Outputs

Improvement Project Storyboard � Control Phase
Use the tools as appropriate to the project. The questions are a guide to what should be asked of the Team by the Champion and Black Belt.

Quantify the Improvement

� Control Plan

� Control Chart

� Visual Management

� Procedures / Work Instructions

� Process Capability

� Total Productive Maintenance 

CONTROL SYSTEM

Control Plans

BEFORE AFTER

Performance
BEFORE

AFTER

Process Capability

New Standard Operating 
Procedures and Controls in 
Place

New Process Capability Data

Comparison of New 
Performance Level to Target

Project Handed-off to Process 
Owner

Project Documentation

Validated Cost Savings and 
other Benefits
(3 months of data)

Opportunities to Translate 
Improvements to Other Areas 
(deployment plan)

Show Data/Graphs

Champion/BB
Exit Review

Project End
Control Chart

27. Specifically, how can we control each key process input 
variable over time? What are the new standard operating 
procedures, visual controls and what is the training plan?

28. What data collection system(s) should we put in place to 
control Xs and monitor Y?

29. Are the measurement systems adequate?

30. How does the new performance level compare to our 
improvement target? Are we able to maintain the new level?

31. Did we reach our financial goals?

32. What further improvements are needed?

33. How can we apply what we learned to obtain 
improvements in other areas? If appropriate, is the plan in 
place to deploy improvements to these other areas?

7500700065006000

5500

5000

4500

40003500

Examples of hard controls:
� Tool modification
� Elimination of manual operation mode
� Adding positive locators
� Any error-proofed system that prevents 

defects

Examples of hard controls:
� Tool modification
� Elimination of manual operation mode
� Adding positive locators
� Any error-proofed system that prevents 

defects

Before After

Before

After

LSL USL

Remember,
hard controls
are needed to 
maintain the 
reduced variation 
over time!

Remember,
hard controls
are needed to 
maintain the 
reduced variation 
over time!



Upon completion of this course, you will be able to�

Explain the purpose of Analyze Phase within D-MAIC.

Identify causes (Xs) for the current condition of the process output (Ys). 

Understand the importance of verifying causes with data.

Understand the parallel paths within Analyze Phase, and realize that the most important path is the one 

that leads to the customer.

Analyze Phase Overview

Name: ___________________________________________

Date: ____________________________________________

Instructor:  ________________________________________

AA

Reviewed By: _______________________________________ Date: ___________________________

Review the following graph (or one provided by instructor) showing baseline performance of a process 

output, Y.

Identify potential causes of the less-than-desired performance.

Select one potential cause. Determine what data could be collected to verify its impact on the Y.

AA

Analyze Phase Overview

Portion of Molding Team�s C & E AnalysisPortion of Molding Team�s C & E Analysis

List of 

verified 

causes

Detailed

�As-Is� 

process map

To identify the 

causes (Xs) that 

most strongly 

affect the process 

output (Ys).

Remember: Verify 

causes with data.

11

22

Analyze_OF_E_1-28-04

Course ObjectivesCourse Objectives

ReviewReview

ApplicationApplication

Analyze Phase Tasks: Parallel PathsAnalyze Phase Tasks: Parallel PathsAnalyze 
Phase 

Outputs 

Analyze 
Phase 

Outputs 

Notes

Cause Verification PlanCause Verification Plan

PurposePurpose

Additional Resources

ExamplesExamples

Y1: Meals returned to Kitchen per 200 Orders
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Subgroup

On 
average,

28 out of 
200 

orders 
have 
meals 

returned 
to 

kitchen.
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Subgroup

On 
average,

28 out of 
200 

orders 
have 
meals 

returned 
to 

kitchen.

Example:

A team focused on improving service

within a restaurant (Michelle�s Steakhouse) 

collected the baseline data at left.

What are some potential causes

for meals being returned to the kitchen?

Process AnalysisCustomer Path

Variation in 

Locator 

Boss 

Dimension

____Insufficient Cooling before Transport       

____Parts Drop into Hard Container       

____Difficult to Measure at Set-up

METHODS

MACHINES

____Limitations of Existing Value         

____Varying Injection Pressure             

____Molding Coolant Flow Rate Set at Varying Levels    

____Many Flow Markers Are Broken         

____People Set Flow at Different Rates      

Variation in 

Locator 

Boss 

Dimension

____Insufficient Cooling before Transport       

____Parts Drop into Hard Container       

____Difficult to Measure at Set-up

METHODS

MACHINES

____Limitations of Existing Value         

____Varying Injection Pressure             

____Molding Coolant Flow Rate Set at Varying Levels    

____Many Flow Markers Are Broken         

____People Set Flow at Different Rates      

A. Create a detailed 

�As Is� process map.

B. Identify non-value-

added steps.

C. Identify potential 

causes of the non-

value-added steps.

A. Identify potential causes 

(or input variables) of 

the current process 

performance Y�s.

B. Vote down the list of 

potential causes / input 

variables.

A. Plan data collection to verify selected causes.

B. Collect and analyze the data.

Extended application: Participate on a Six Sigma team.

AG Six Sigma Website: http://w3.ag.na.jci.com/Departments/six_sigma/ > Reports & Materials  > Training Materials

Six Sigma Online Skills Training: http://w3.ag.na.jci.com/administration/training/sixsigma/indexsixsigma.htm

AG Six Sigma Website:  http://w3.ag.na.jci.com/Departments/six_sigma/ > R-DMAIC Process > Analyze Phase

Project Name: Defect (Y):
SigmaTrac #:

Potential Cause Null Hypothesis
Alternative 

Hypothesis

Verification

Data (Y) 

Data Type 

(Attribute/

Variable)

�Verification Method
Results

Cause 

Verified? 

(Y/N)

Sample 

1

2

3

4

5

6

Potential Cause Verification Sheet

�Sampling Strategy

What method?

How much 

data?

Project Name: Defect (Y):
SigmaTrac #:

Potential Cause Null Hypothesis
Alternative 

Hypothesis

�Verification Method
Results

Sample 

Yes

1

2

3

4

5

6

Potential Cause Verification Sheet

�Sampling Strategy

What method?

How much 

data?

New bolt pattern 

leads to higher 

torques than the 

original pattern

VariableThe mean torque 

of the new bolt 

pattern is equal to 

the mean torque of 

the original pattern

The mean torque 

of two bolt patterns 

(new and original) 

differ

Torque 1 Sample T Test:

30 assemblies of

New vs. Baseline

of Original torque

Reject the Null:

torques differ

(P=0.000)

New pattern

is higher than 

historical original 

pattern data



Identify causes (Xs) of 

variation and defects.4

Provide statistical evidence 

that causes are real.

Commit to improvement 

target for Y.

5

Identify what�s important 
to the customer.
Define project scope.

1

Determine what to 
measure (Y) and validate 
the measurement system.

2

Quantify current 
performance and 
estimate improvement 
target.

3

Put controls in place to 
maintain improvement over 
time.

8

Provide statistical evidence 
that the improvement is 
sustained.  (3 months of data) 

9

Determine solutions (ways 
to counteract causes)
including operating levels 
and tolerances.

6

7

AnalyzeAnalyze

MeasureMeasure

DefineDefine

ControlControl

ImproveImprove

Analyze_OF_E_1-28-04.ppt

Install solutions and
provide statistical evidence
that the solutions work.

AnalyzeAnalyze

Tools Sequential Questions Outputs

Improvement Project Storyboard � Analyze Phase
Use the tools as appropriate to the project. The questions are a guide to what should be asked of the Team by the Champion and Black Belt.

Cause & Effect Analysis

� Cause and Effect Diagram

� Cause and Effect Matrix

� Failure Mode & Effects Analysis (FMEA)

� Multi-Vari Chart

� Correlation and Regression 

� Hypothesis Testing

� Design of Experiment (DOE) Screening

Verified Causes of 

Variation/Defects

Improvement Target 

Commitment

15. What are the possible causes for the undesirable output 
(variation or defect) that was selected for improvement?

16. Which causes are most likely the biggest contributors? What 
are the likely key process input variables (Xs)?

17. Which of these causes are within the team�s control? Which 
are outside the project boundaries (e.g., supplier)?

18. How can these suspected �big� causes be verified? What data 
should be collected and what statistical test performed?

19. Based on the analysis of Xs, what is the improvement target to 
which the team can commit?

Y

N

C

X

SCREENING DOECAUSE

E
F

F
E

C
T

CAUSE & EFFECT MATRIX

KPOV
1

KPOV
2

KPOV
3

FMEA

Show Data/Graphs

Champion/BB

Exit Review

CAUSE & EFFECT

DIAGRAM

Why do Cause & Effect Diagramming?
� To surface the �difficult to discover� causes.

Note: If the C&E Diagram states the obvious,
then the team should dig deeper!

Why do Cause & Effect Diagramming?
� To surface the �difficult to discover� causes.

Note: If the C&E Diagram states the obvious,
then the team should dig deeper!

Follow 2 Simple Rules:
Rule 1: Ask �Why, why, why�?

� Good cause & effect diagramming is question and answer.

� Stick with each idea until all the causes are listed.

Rule 2: Make sure each statement is a �cause�, not a solution!

Follow 2 Simple Rules:
Rule 1: Ask �Why, why, why�?

� Good cause & effect diagramming is question and answer.

� Stick with each idea until all the causes are listed.

Rule 2: Make sure each statement is a �cause�, not a solution!

Variation in 

Nugget Diameter

Variation in 

Nugget Diameter

PeoplePeople

MaterialMaterial

MethodMethod

MachineMachine

2.5 Hinges are hard to load

Hard to make fit in fixture 

Part has to snap in to be sure correct

No sensor to keep it from welding if not loaded correctly

Link Hinge is hard to load

Gas Spring (Hat Bracket)

Operator has to bend before loading 

Extremely High Efforts

No sensor to keep it from welding if not loaded correctly

Parts Bent

Bulk Packaging

Too many parts per container

Part fit up in fixture

Locator Pin too tight 

No tolerance for steel thickness

Step too close

L Brkt to U Brkt is hard to load

Must give extra effort to make sure in correct place on U Brkt

Panels

Warped

Stamped incorrectly

Rusty

Stored on back pad

No room for Big Part

Insufficient Lighting

No Lights at Welder

Requests Ignored

Parts not loaded correctly

Air Pressure Setting Incorrect

Operator adjusted  wrong

Can�t wait on set up

Have to make parts

Effects all weld parameters

Voltage Setting Incorrect

Too low/high for proper material thickness

Creates the % of feedback to be too low

Will measure that current passed thru will not detect if actual nugget is there

Squeeze Time

Will not allow enough time for material to squeeze together

Material not properly squeezed

Current will not pass thru

Will not hit  molten metal stage 
Hold Time

Will not hold long enough after welding application

Metal will not set up to form nugget



Upon completion of this course, you will be able to�

Describe the phases of the Six Sigma Breakthrough Strategy.

Understand what is meant by �process� and �customers�.

Describe what Six Sigma can accomplish.

Six Sigma Overview

Name: ___________________________________________

Date: ____________________________________________

Instructor:  ________________________________________

OO

Reviewed By: _______________________________________ Date: ___________________________

Identify a process within your plant. 

List customers of the process. That is, identify the groups of people who use or are affected by the 

process output.

Does the process create product that meets the needs of the customer the first pass through (that is, 

without scrap or rework)?

How could Six Sigma be used to improve this process?

OO

Six Sigma Overview

Breakthrough:

Huge gains!

Process:

Horizontal slice 

through the 

organization

Customer:

People who use 

the process output

To improve products 

and services by 

improving the 

processes by which 

they are created.

Remember: Quality 

is defined from 

customer�s view!

Course ObjectivesCourse Objectives

ReviewReview

ApplicationApplication

Effects of Six SigmaEffects of Six SigmaKey ConceptsKey ConceptsPurposePurpose

Additional Resources

The Six Sigma Breakthrough StrategyThe Six Sigma Breakthrough Strategy

Characterize 

Existing 

Process

Optimize 

the 

Process

Safe work environment

Happy customers

Huge cost reductions

Huge quality improvements

Huge gains in productivity 

Identify 

Opportunities

Define the 

Project

Integrate into

Daily Work

ControlControl

ImproveImprove

AnalyzeAnalyze
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Extended Application: Participate on a Six Sigma Team.

AG Six Sigma Website: http://w3.ag.na.jci.com/Departments/six_sigma/ > Reports & Materials  > Training Materials

Six Sigma Online Skills Training: http://w3.ag.na.jci.com/administration/training/sixsigma/indexsixsigma.htm
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Identify causes (Xs) of 

variation and defects.4

Provide statistical evidence 

that causes are real.

Commit to improvement 

target for Y.
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Identify what�s important 
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Define project scope.
1

Determine what to 
measure (Y) and validate 
the measurement system.
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Quantify current 
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target.
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Put controls in place to 
maintain improvement over 
time.
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Provide statistical evidence 
that the improvement is 
sustained.  (3 months of data)
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Determine solutions (ways 
to counteract causes)
including operating levels 
and tolerances.
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Install solutions and
provide statistical evidence
that the solutions work.

Improvement Project Storyboard Overview
Use the tools as appropriate to the project. The questions are a guide to what should be asked of the Team by the Champion and Black Belt.

Tools Sequential Questions Outputs 

DefineDefine
High Priority Project
- product/process to be improved

Project Definition
- problem statement
- project objective
- scope and boundaries
- CTQs
- supporting data
- team members
- process owner

Project Plan
- time, resources, cost

1. What is the product, process or service to be improved? How does it align to JCI business strategy (e.g., core, strategic 
objectives)?

2. Who are the customers (internal or external)? Who are the primary groups of people who receive, use or rely on product/process 
deliverables?

3. What do the customers care about? What are the critical characteristics (critical to Quality, Cost, Delivery) of the product/ process 
deliverables that matter most to the customer.

4. Which characteristics should be selected for improvement? Which are we failing to provide as well as the customer would like?

5.  What is the cost of poor quality (COPQ)? What are the expected hard  and soft cost savings? Where are the expected benefits to 
the business (capacity expansion, productivity improvement, defect/cycle time/waste reduction, etc.)?

6. What is the project plan (resources, etc.) and what barriers must be overcome? Has the process owner been identified and 
engaged in the project?

� Cost of Poor Quality (COPQ)

� Pareto Chart

� Product, Process Performance Metrics

� Process Flowchart (high level)

� Customer �Voices�

� Critical To (CT) Matrix

MeasureMeasure
� Input-Process-Output (IPO) Diagram

� Process Mapping

� Check Sheet

� Pareto Diagram

� Measurement Systems Analysis (MSA)

� Process Capability Analysis

Updated Problem Statement/Project Objective

- narrowed project scope

Validated Measurement

System Analysis

Baseline Process/Product Performance

(Cpk, PPM or DPMO, Sigma Level)

Estimated Improvement Target

7. For each critical characteristic selected for improvement, specifically what should be measured (Y)? What are the collateral Ys to 
be measured? How will you assure that you do not negatively affect other critical outputs?

8.  What are the process boundaries within which we can make changes to improve the Ys?

9.  What existing data is available to assess current performance?

10. Is the measurement system adequate? If not, how can it be improved?

11. What are the  �opportunities� and defects at each process step?

12. What is the current performance (Cpk, PPM or DPMO, Sigma Level)?

13. Based on this analysis has the scope of the project been narrowed sufficiently to establish a manageable and specific focus?

14. What is the estimated improvement target?

AnalyzeAnalyze
� Cause and Effect Diagram

� Cause and Effect Matrix

� Failure Mode & Effects Analysis (FMEA)

� Multi-Vari Chart

� Correlation and Regression 

� Hypothesis Testing

� Design of Experiment (DOE) Screening

Verified Causes of Variation/Defects

Improvement Target Commitment

15. What are the possible causes for the undesirable output (variation or defect) that was selected for improvement?

16. Which causes are most likely the biggest contributors? What are the likely key process input variables (Xs)?

17. Which of these causes are within the team�s control? Which are outside the project boundaries (e.g., supplier)?

18. How can these suspected �big� causes be verified? What data should be collected and what statistical test performed?

19. Based on the analysis of Xs, what is the improvement target to which the team can commit?

ImproveImprove
� Design of Experiment (DOE)

� Error Proofing

� Statistical Tolerancing

� Failure Mode & Effects Analysis (FMEA)

� Hypothesis Testing

Solutions to Counteract the Causes

Optimal Settings and Tolerances for Key 
Process Input Variables (Xs)

Small-scale Installment of Solutions & Data 
Verifying their Impact on Y

Collateral Y Impact Assessment

Full-scale Implementation of Solutions

New Process Map

20. For each verified cause (X), what are the possible ways to counteract the cause?

21. Of these possible solutions, which ones are thought to be most effective, easiest to implement and lowest cost?

22. For each key process input variable (X), what is the optimal setting and tolerance.

23. How can each �solution� be verified with data prior to full-scale implementation?

24. Will these solutions allow us to meet our improvement target?
If not, what causes or solutions have we missed?  What is the predicted impact on Y?

25. What is the predicted impact on collateral Ys?

26. How do we implement all solutions full scale (what, where, when, how, who?) Is the process owner engaged in the installment of 
the solutions?

ControlControl
� Control Plan

� Control Chart

� Visual Management

� Procedures / Work Instructions

� Process Capability

� Total Productive Maintenance 

New Standard Operating Procedures and 
Controls in Place

New Process Capability Data

Comparison of New Performance Level to 
Target

Project Handed-off to Process Owner

Project Documentation

Validated Cost Savings and other Benefits
(3 months of data)

Opportunities to Translate Improvements to 
Other Areas (deployment plan)

27. Specifically, how can we control each key process input variable over time? What are the new standard operating procedures, 
visual controls and what is the training plan?

28. What data collection system(s) should we put in place to control Xs and monitor Y?

29. Are the measurement systems adequate?

30. How does the new performance level compare to our improvement target? Are we able to maintain the new level?

31. Did we reach our financial goals?

32. What further improvements are needed?

33. How can we apply what we learned to obtain improvements in other areas? If appropriate, is the plan in place to deploy 
improvements to these other areas?
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