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1. Translating the voice of the customer (VOC) to requirements (CTQs)

2. Understanding Inputs and Outputs
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4. Project charter
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14. Gage R&R – short form

15. Attribute gage study
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17. Control plan

18. Simplified control plan

19. Sources of data
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23. Pay-off matrix
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Control 

Some of the previous forms are used here: Such as: # 8, 12, 13, 13A, 13B, 15, 17, 21, 23
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25. Problem statement

26. Understanding the operational definition of the problem

27. Gage control plan
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31.  Exploring the values of the organization

Typical forms – in addition to the above – used in design for six sigma 

32.  Risk identification and mitigation

33. Competition matrix

34.  CTQ matrix and assessment of design risk

35. design score card

36. Pugh matrix

37. Score card: Critical to satisfaction (CTS) items 

38. P-diagram

39. Translating language data to numeric data

40.  Brand profiler

41.  Status of items critical to satisfaction and relationship to customer satisfaction

42.  Customer dimensions

43.  Reliability and Robustness checklist

44.  Design verification (DV) test plan

45.  Triple 5-why analysis worksheet

46.  Project proposal worksheet

47.  Action Plan

48.  Cost function

49.  Process sequence flow chart

50.  Cost index worksheet

51.  Manufacturing information gathering worksheet

52.  QFD block diagram

53.  Function identification worksheet

54.  Function diagram

55.  Alternative action plan

56.  Competitive evaluation

57.  Critical to satisfaction (CTS) scorecard

58.  Design and manufacturing scorecard (to be used with Microsoft Solver)

59.  Reliability and robustness demonstration matrix

60.  Assessment of six sigma status
Additional forms and guidelines that may be used in either DMAIC or DFSS methodology

61.  A typical Design FMCA
62.  A typical Process FMCA
63.  Dynamic control plan with an FMEA
64.  Selection of statistical techniques based on ordinal data
65.  Selection of statistical techniques based on interval data
66.  Selection of statistical techniques based on nominal data
67.  hypothesis testing roadmap
68.  A selection guide for some common multivariate techniques
69.  The process of problem solving – Concern analysis
70.  The process of problem solving – Problem solving
71.  The process of problem solving – Decision making alternatives
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74.  Control chart constants
75.  An example of First run capability (you may want to use this to identify the “hidden factory”
76.  A guide for choosing control charts
General Requirements of understanding the six sigma

A Typical calculation for a sigma capability

	Step
	Action
	Equations
	Your calculations

	1
	What process do you want

to consider
	N/A
	Billing

	2
	How many units were put

through the process?
	N/A
	2167

	3
	Of the units that went

into the process, how

many came out OK?
	N/A
	2059

	4
	Compute the yield for the

process defined in Step 1
	Step 3/step 2
	2059/2167 =

.9502

	5
	Compute the defect rate

based on Step 4
	1-step 4
	1-.9502 =

.0498

	6
	Determine the number of

potential things that

could create a defect
	Number of CTQ characteristics
	18

	7
	Compute the defect rate

per CTO characteristic
	Step 5/step 6
	.00498/18 =

.0028

	8
	Compute the defects per mil- 

lion opportunities (DPMO)
	Step 7 x 1,000,000
	.0028 x 1,000,000 = 2,800

	9
	Convert the DPMO (Step 8) into a sigma value. You may use a conversion chart or calculate the number
	N/A
	4.3

	10
	Draw conclusions
	N/A
	Little better than average performance


Brainstorming thought starters

ADAPT

What else is like this?




Does the past offer similarities?




What could we copy?




What other ideas does this suggest?

COMBINE

Use a blend, alloy, assortment?




Can we combine units?




Combine purposes, functions?




Combine ideas?

MAGNIFY

What can we add?




Thicker?




More frequent?




Stronger?




Duplicate?

MINIMIZE

What can we subtract?




Smaller?




Lighter?




Condensed?




Omit?




Streamline?

REARRANGE
Can we interchange components?




Different layout?




Different sequence?




Change pace?




Different pattern?




Different schedule?

REVERSE

What's the opposite?




Can we turn it around, upside down, backward?




Can we reverse roles?

MODIFY

Could we change the color, sound, motion, form, shape, meaning, odor?




What new twist?

SUBSTITUTE
What can we use instead?




Who else can?




Another approach?




Another material?




Another ingredient?

Brainstorming thought starters


WHAT IF 
You were spending your money?

Money was no object?




you combined two functions?

You were a man from mars ‑ what questions would you ask about this?

You were 8 years old ‑ what questions would you have?

You knew your managers would buy an idea you came up with ‑ what would it be?




You were from 1000 years in the future?




You didn't perform the function at all?

You had the perfect material ‑ what would you expect?




You performed the function backward?

Gravity did not exist ‑ what would you do then?

You were trying to prevent the function from being performed?




You had an unlimited amount of time?




Nothing was sacred?

Verb ‑noun listing: products

* Try to avoid use of these verbs.



VERBS



NOUNS

*ABSORB

GENERATE

ACCESS

FRICTION

ACCESS

GUIDE

AIR


HEAT

ACTUATE

IMPROVE

APPEARANCE
IMPACT

*ALLOW

INCREASE

BENDING

LIGHT

APPLY

ISOLATE

CIRCUIT

MASS

ATTACH

LIMIT


CLIMATE

MATERIAL

ATTRACT

MAINTAIN

COLD


MOISTURE

CIRCULATE

PIVOT


COMFORT

MOTION

CONDUCT

POSITION

COMPONENT
NOISE

CONNECT

PREVENT

CORROSION

OCCUPANT

CONTAIN

PROTECT

CURRENT

PARTS

CONTROL

*PROVIDE

DEFLECTION
PATH

CONVERT

REDUCE

DIRT


PERFORMANCE

CREATE

REGULATE

DRAG


PRESSURE

DECREASE

RESIST

ENERGY

STABILITY

DIRECT

ROTATE

ENTRY

SURFACE

ENCLOSE

SEAL


ENVIRONMENT
TORQUE

ENHANCE

SENSE

FLOW


TRAVEL

EXTEND

SUPPORT

FLUID


VIBRATION

*FACILITATE
TRANSMIT

FORCE

WEIGHT

Verb ‑noun listing: process

* Try to avoid use of these verbs.

	VERBS
	NOUNS

	*ALLOW

APPLY
ASSEMBLE

ASSURE

BLEND

CLEAN

CONTROL

CONVERT

CREATE

DECREASE

DELIVER

*FACILITATE

FASTEN

FILL

FINISH

FORM


IDENTIFY

IMPROVE

INCREASE
          

INSPECT
	JOIN

LOAD

MAINTAIN

MAKE

MOVE

POSITION

PREVENT

PROTECT

*PROVIDE

RECEIVE

RELEASE

REMOVE

REPAIR

ROTATE

SEAL

STORE

SUPPLY

THREAD

TRANSPORT

VERIFY
	ALIGNMENT

ASSEMBLY

BURR

CASTING

CAUSE

CLEANLINESS

COLD

COMPONENT

CONTAINER

CORRECTION

DAMAGE

DEFECT

DEVICE

DIE

DIMENSION

DIRT

ENVIRONMENT

EQUIPMENT

FINISH

FIXTURE


	FLASH

GAGE

GAS

HEAT

HOLE

INVENTORY

LENGTH

LOCATOR

MACHINE

MATERIAL

MOLD

OPERATION

PART

PRIORITY

SCHEDULE

SHAPE

SURFACE

TOOL

UNIFORMITY

WASTE


Function identification example for a Product

TEAM MEMBERS:



DATE:

PROJECT:

	LISTING OF FUNCTIONS PERFORMED

	ACTIVE VERB
	MEASURABLE NOUN

	
	

	Improve
	Appearance

	Position
	Parts

	Enhance
	Stability

	Prevent
	Vibration

	Improve
	Assembly

	Assure
	Location

	Reduce
	Margin Variation

	Enhance
	Cooling

	Control
	Location

	Support
	Part

	Limit
	Deflection

	Fasten
	Parts



Function identification example for a process

TEAM MEMBERS:



DATE:

PROJECT: 

	Listing of functions performed

	ACTIVE VERB
	MEASURABLE NOUN

	
	

	Transfer
	Material (parts)

	Move
	Material

	Position
	Material (parts)

	Apply
	Material (sealer)

	Actuate
	Circuit

	Weld
	Assembly

	Remove
	Assembly

	Position
	Assembly

	Store
	Assembly

	Produce
	Assembly

	Ship
	Assembly

	supply
	Material

	Repair
	Assembly


Cascading the Y = f(X)
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Level 2
          y = f(x1, x2, …xn)

Level 3

        yi = f(xi, xii, xn)

Where:

 Y is influenced by a number of potential Xs

The y is the new requirement based on X1’s and so on. The X1 is further examined for more potential xs

The yi is yet another requirement of the customer based on x1’s and so on. The xi is further examined for more potential xs

Example: High level application of a “meal in the restaurant”:

Level 1
Y = a good meal in the restaurant is depended on X1 = price, X2 = service, X3 = satisfaction

Level 2
y = the result in satisfaction (which is the X3) is depended upon x1 = quality and x2 = food selection

Level 3
yi = the result in satisfaction (X3) with quality (which is the x2) is depended upon xi = availability of food, xii = management

Level 4

and so on

DEFINE 

1. Translating the Voice of the customer (VOC) to requirements (CTQs)

	Level
	VOC


	Key Issues
	Requirements

	
	
	
	Good
	Bad

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


2. Understanding Inputs and Outputs

	Process Input variables
	Process Output variables

	
	

	
	

	
	

	
	


3. Cause and effect matrix

	Rating of importance to customer
	
	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7
	

	Process inputs (X’s) CTP’s
	Process outputs (Y’s), CTC, CTD, CTQ
	Total

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


4. Project Charter

	Project Charter

	

	Project Title:
	
	Key Roles:

    Name:

    Title:

    Task:
	

	Problem statement:
	
	Timing:

Start:

End:
	

	Company’s Impact:
	
	ROI:

Expected benefit
	

	Project scope 

Statement:
	
	Team Members:
	

	Project Goal:
	
	
	

	Project Location
	
	Process owner:


5. Project plan milestone chart
	Cycle of project
	Time line in weeks or months

	Project start
	
	
	
	
	

	Define
	
	
	
	
	

	Measure
	
	
	
	
	

	Analyze
	
	
	
	
	

	Improve
	
	
	
	
	

	Control
	
	
	
	
	

	Project finish
	
	
	
	
	


6. Process and Boundary development

	Process name
	Starting point
	Ending point

	1
	
	

	2
	
	

	3
	
	

	4
	
	


7. Input, Process and Output measures

	Input measures
	Process measures
	Output measures

	
	
	

	
	
	


8. Computing the Cost of Quality (COQ)

	

	COMPUTING THE COST OF QUALITY

	

	Currently measured
	Not measured – at this time

	Scrap: 

Warranty expense:

Inspection costs:

Overtime:
	Increased maintenance:

Lost sales:

Customer dissatisfaction:

Downtime:

Engineering and product:

Development errors:

Bill of material inaccuracy:

Rejected raw materials:

	
	

	INTERNAL FAILURE
	APPRAISAL

	Scrap:

Rework:

Supplier scrap:

Supplier rework:
	Inspection:

Testing:

Quality audit:

Initial cost and maintenance of test

equipment:

	EXTERNAL FAILURE
	PREVENTION

	Cost to customer:

Warranty cost:

Complaint adjustments:

Returned material:
	Quality planning:

Process planning:

Process control:

Training:


9. Six key areas to address when improving the cost of quality
	KEY DRIVERS
	BASIC ISSUE

	1. Basic organizational

capabilities:
	Skills and tools required to

implement improvements in

business processes are lacking:

	2. Industrial process

variations:
	Poor industrial process capabilities

result in high COPO (rework, scrap,

field failure):

Customer demands are frequently

not passed on to engineering:

Inefficient front-end engineering:

	3. Business Process

variations:
	Product cost estimation is often

widely off the mark, resulting in

poor financial performance and

incorrect manufacturing decisions:

	4. Engineering/design

process and

documentation:
	Engineering systems and design

processes and documentation are

often inadequate and flawed:

	5. Quality of specifications:
	Specifications sent to suppliers/

subcontractors vary considerably in

their quality, resulting in poor-

quality parts:

	6. Supplier capabilities:
	Lack of quality suppliers, resulting in

poor-quality parts/services, late

deliveries, higher parts/service

costs, etc.:


Measure

10. Check sheet development

	Name:
	Date:

	Defect type
	Frequency
	Comments

	
	
	

	
	
	

	
	
	


11. Data collection plan

	What
	Why
	Who
	How
	When
	Where

	Needed measures
	Operational definition
	Formula or formulae
	Purpose of data
	Individual responsible for the collection
	Method of selection
	Date, time or frequency
	source

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


12. FMEA Form

	Process or product name:


	FMEA TEAM:
	Prepared By:
	Original date:
	Revised date:
	Page _ of _
	FMEA Number:

	Responsible:


	
	
	
	
	
	

	

	Process Step
	Potential Failure Mode
	Effect
	S

E

V
	Class
	Causes
	O

C

C
	Controls
	D

E

T
	R

P

N
	Actions

Rec.
	Actions

Taken
	SE

V
	O

C

C
	DET
	R

P

N

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


13. Repeatability and Reproducibility study (Gauge R&R) – long form

******* This form is on its own in an excel spread sheet *********

13A. An alternative evaluation to the R& R - long form

Part No. and Name:


Gage Name:


Date:

Characteristics:


Gage No.:


Performed by:

Specification:



Gage Type:




From data sheet: 
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	Measurement Unit Analysis
	% Total Variation (TV)

	Repeatability- Equipment Variation (EV)
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	Reproducibility- Appraiser Variation (AV) 
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n = number of parts

r = number of trials
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	Appraisers 
	2
	3
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	Repeatability and Reproducibility (R&R)
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	Parts
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	Part Variation (PV)
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All calculations are based upon predicting 5.15 sigma (99.0% of the area under the normal distribution curve).
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is 5.15/d2, where d2 is dependant on the number of trials (m) and the number of parts times the number of operators (g) which is assumed to be greater than 15. The d2 values may be found in the MSA 3rd edition of the AIAG or Duncan’s book on Quality Control and Industrial Statistics.

AV – If a negative value is calculated under the square root sign, the appraiser variation (AV) defaults to zero (0).
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 is 5.15/d2*, where d2* is dependant on the number of operators (m) and (g) is 1, since there is only one range calculation.
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 is 5.15/d2*, where d2* is dependant on the number of parts (m) and (g) is 1, since there is only one range calculation.

13B. Gage Repeatability and Reproducibility Report

Part No. and Name:


Gage Name:


Date:

Characteristics:


Gage No.:


Performed by:

Specification:



Gage Type:


______________________

From data sheet: 
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	Measurement Unit Analysis
	% Total Variation (TV)

	Repeatability- Equipment Variation (EV)
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	Reproducibility- Appraiser Variation (AV) 
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	Repeatability and Reproducibility (GRR)
	
[image: image30.wmf]%

______

]

___ 

 

___ /

 

[

100

TV]

 

 /

G

[

100

G

%

=

´

=

´

=

RR

RR



	
[image: image31.wmf](

)

(

)

_________

___

___

 

AV

EV

 

GRR

2

2

2

2

=

´

=

´

=


	
	

	
	Parts
	
[image: image32.wmf]3

K


	

	
	2

3

4

5

6

7

8

9

10
	0.7071

0.5231

0.4467

0.4030

0.3742

0.3534

0.3375

0.3249

0.3146
	

	Part Variation (PV)
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For information on the theory and constants used in the form see MSA Reference Manual, Third edition. AIAG.

14. Repeatability and Reproducibility study (Gauge R&R) – short form

	Parts
	Operator A
	Operator B
	Range

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	
	Sum of Percentage
	

	D2 values for distribution of R

	Parts
	2 operators
	3 operators
	

	1
	1.41
	1.91
	

	2
	1.28
	1.81
	

	3
	1.23
	1.77
	

	4
	1.21
	1.75
	

	5
	1.19
	1.74
	

	R-bar = 
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15. Attribute gage study

	Operation title:


	Gage name:
	Attribute
	Legent
	

	Characteristics:


	Gage number:
	A
	Accept
	

	
	Name:
	Data:
	B
	Bad
	

	Operator A
	
	
	D
	Defect
	

	Operator B
	
	
	G
	Go
	

	Operator C
	
	
	G
	Good
	

	
	NG
	No Go
	

	Known attribute


	Operator A
	Operator B
	Operator C
	Score

	Sample ID
	A

T

T

R

I

B

U

T

E
	Trial 1
	Trial 2
	Trial 1
	Trial 2
	Trial 1
	Trial 2
	

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	

	18
	
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	
	

	20
	
	
	
	
	
	
	
	

	21
	
	
	
	
	
	
	
	

	22
	
	
	
	
	
	
	
	

	23
	
	
	
	
	
	
	
	

	24
	
	
	
	
	
	
	
	

	25
	
	
	
	
	
	
	
	

	26
	
	
	
	
	
	
	
	

	27
	
	
	
	
	
	
	
	

	28
	
	
	
	
	
	
	
	

	29
	
	
	
	
	
	
	
	

	30
	
	
	
	
	
	
	
	

	

	Score via Trial via operator
	
	
	
	
	
	
	
	
	

	Score via operator
	
	
	
	
	
	
	
	
	

	
	Operator A
	Operator B
	Operator C
	

	
	Trial 1
	Trial 2
	Trial 1
	Trial 2
	Trial 1
	Trial 2
	

	Result Summary:

	
	% Appraiser effectiveness

	
	Operator A
	

	
	Operator B
	

	
	Operator C
	

	% effectiveness

	
	Total
	


16. 5S observation Summary

	5S summary Report:
	Score results: (X /100)

	Shift:
	Area/Department:
	

	

	5S target objective:

	Historical 5S success(es):

	

	Priority Items that need attention
	Existing situation: Score
	Future situation: Score

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


17. Control Plan

	Department:
	Prepared By:
	Page ___  of ___
	Document Number:

	Process:
	Approved By:
	Revision Date:
	Other: 

	Location:
	Supercedes:

	

	Employee Check
	C

H

A

R

A

C

T

E

R

I

S

T

I

C


	CTQ or Critical level (CL)
	R

E

Q

U

I

R

E

M

E

N

T


	M

E

A

S

U

R

E

M

E

N

T

M

E

T

H

O

D


	S

A

M

P

L

E

S

I

Z

E


	F

R

E

Q

U

E

N

C

Y


	Who

M

E

A

S

U

R

E

S


	Where

R

E

C

O

R

D

E

d
	Decision

Rule or

C

O

R

R

E

C

T

I

V

E

Action
	Reference

Number

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


18. Simplified control plan

	Project Title:
	Date:

	
	
	
	
	
	

	Task/Action to be accomplished
	Specific steps to be taken
	Responsible person for task
	Starting data
	Finish date
	Deliverable(s)

	
	
	
	
	
	

	
	
	
	
	
	


19. Sources of Data

	
	Y (CTQ)
	X1
	X2
	Xn

	Existing Data
	
	
	
	

	Needed Data
	
	
	
	


Analyze

20. Main effect and interaction set up

	
	Orthogonal array

(Set up of experiment with appropriate levels)
	Individual factors and or interactions
	Response

(It may be a single or a multiple response)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Level Effect +
	
	
	
	
	
	
	
	

	Level Effect -
	
	
	
	
	
	
	
	

	Main Effect

difference
	
	
	
	
	
	
	
	


Improve

21. Criteria matrix (evaluating improvements)

	Desirable criteria
	Alternatives

	
	Weights
	Alternative 1
	Alternative 2

	
	
	Score
	Weighted score
	Score
	Weighted score

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	Totals
	
	
	
	


22. A form that may be used to direct effort and resources

	Part name: 

	Functional area
	Present cost
	Hi
	Low

	X
	
	
	

	Y
	
	
	

	Total cost
	
	
	


23. Payoff matrix
	
	
	Effort

	
	
	Low
	High

	Benefit
	High
	
	

	
	Low
	
	


24. understanding systems and structures for the six sigma methodology
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Control

Some of the previous forms are used here, such as: 8, 12, 13, 13A, 13B, 15, 17, 21, 23 and others

Miscellaneous forms

25. Problem statement

	According to…
	Definition of the problem
	Unit of measure
	Source of data. 

Data type

	
	
	
	

	
	
	
	


26. Understanding the operational definition of the problem

	Problem  statement and project definition (original):



	Customer:


	CTQs:

	Nonconformance or variation

(I will reduce…):


	Data needed and units of measurement (relating to the non conformance):

	Current performance and reduction Goal:


	

	Potential benefits (COPQ):


	

	Project scope, limits and boundaries:


	Potential team members:



	Problem  statement and project definition (Final):




27. Gage control plan

	Gage ID:


	Department:
	MSA reference:
	Page __ 0f ___

	Gage name:
	Gage location:
	Calibration procedure:
	Document number:

	Gage Type:
	Storage:
	Date:
	Revision number:

	

	Baseline
	Date
	Resolution
	Bias
	Linearity
	Calibration
	GR&R
	Remarks

	
	
	
	
	
	Date
	By
	%R&R
	P/T
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


28. Work Break Down Structures (WBS)

	Task #
	Task name
	Predecessor
	Duration

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


29. Who does what in the project

	Stakeholder
	Wants,

Needs

And concerns
	Relationship to the project

	
	
	impacted
	authority
	expertise
	influence
	resources
	O

T

H

E

R

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


30. How the work gets done

	Who needs information
	Message forum
	Message frequency
	Message goal
	Best way to present message
	Who delivers the message

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


31. Exploring the values of the organization

	Priority
	Description of what is valued

	
	

	
	

	
	


Typical forms - in addition to the above - used in Design for six sigma

32. Risk identification & mitigation

	Risk Element
	Risk Management
	Risk Score
	Mitigation plan

	
	
	
	
	

	
	
	
	
	


33. Competition matrix
	Customer needs
	Priority
	Competitor A
	Competitor B
	Best in Class
	Best in Class performance

	
	
	
	
	
	

	
	
	
	
	
	

	Total Impact
	
	
	
	
	


34. CTQ matrix and assessment of Design Risk

	Customer needs
	I

M

P

O

R

T

A

N

C

E
	P

E

R

F

O

R

M

A

N

C

E
	M

E

A

S

U

R

E

M

E

N

T
	T

A

R

G

E

T
	USL
	LSL
	D

A

T

A

T

Y

P

E
	D

E

F

E

C

T

R

A

T

E
	M

A

P

T

O

C

R

I

T

I

C

A

L

X
	I

M

P

A

C

T

 O

N

C

U

S

T

O

M

E

R
	I

M

P

A

C

T

 O

N

C

O

M

P

O

N

Y
	T

A

K

E

A

W

A

Y

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


35. Design score card

	CTQ
	Measurement
	Data

type
	Target
	USL
	LSL
	Sigma
	DPMO

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


36. Pugh Matrix

	CTQs & 

Business needs
	Pugh 

priority
	Concept A
	Concept B
	Concept n

	
	
	
	
	

	
	
	
	
	

	Sum of positives
	
	
	
	

	Sum of negatives
	
	
	
	

	Some of sames
	
	
	
	

	Weighted positives
	
	
	
	

	Weighted negatives
	
	
	
	

	Next score
	
	
	
	


37. Scorecard: Critical to satisfaction (CTS) items

	Project Description:
	Date:

	CTSs
	Units
	Range
	Contribution to variability
	Specs
	Sample statistics
	z-score

	
	
	min
	max
	capability
	%
	LSL
	USL
	
[image: image40.wmf]m
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	conf
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  shift

	D

P

M

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


38. P-diagram







39. Translating language data to numeric data

	Steps
	Language data
	Numeric data

	Convert information to data
	
	

	Find the underline message
	
	

	Identify the structure
	
	

	Evaluate importance plan appropriate actions
	
	


40. Brand profiler

	Attribute
	Attribute class
	Priority


	Primary brand positioning
	Nameplate brand positioning
	Program specifics
	Present nameplate entry

	
	
	
	
	
	Target objectives
	S

T

A

T

U

S
	

	Usage

experience
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Attribute Differentiation:
	Product attribute leadership strategy:




41. Status of items critical to satisfaction and relationship to customer satisfaction

(May be used at each stage of the DCOV model)

	CTS

Or

S

U

R

R

O

G

A

T

E
	UNITS
	T.F.

or

Y/N
	STATUS
	C

O

M

P

E

T

I

T

O

R

(BIC)
	TARGET:

INITIAL
	TARGET:

AGED
	C

U

S

T.

S

A

T.

I

M

P

R

O

V.
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	LSL
	USL
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	LSL
	USL
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


42. Customer dimensions






43. Reliability and Robustness checklist
	Functional requirement

Life target (CTSs)
	Design parameters

(number and name)
	Tests

(number, name and strategy)
	Error states and their management

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


44. Design Verification (DV) Test plan
	Test  (name, type and frequency)
	Objective
	Expected results
	Real outcome of test

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


45. Triple 5-Why Analysis Worksheet –

Note to the editor!!! 

SEE THE COMPLETE FORM IN THE Excel WORK SHEET WITH THE SAME #
For each root cause selected, use this table to determine technical, detection, and systematic root causes.

Items 45-58, 60 are in the excel work sheets

45. Triple 5-why analysis worksheet

46. Project proposal worksheet

47. Action Plan

48. Cost function

49. Process sequence flow chart

50. Cost index worksheet

51. Manufacturing information gathering worksheet

52. QFD block diagram

53. Function identification worksheet

54. Function diagram

55. Alternative action plan

56. Competitive evaluation

57. Critical to satisfaction (CTS) scorecard

58. Design and manufacturing scorecard (to be used with Microsoft Solver)

59. Reliability and robustness demonstration matrix

	Reliability and Robustness demonstration matrix

	Program:
	Project:
	System:

	Date:
	Team Lead:
	Supplier Lead:

	

	Define Requirements
	Design for Robustness
	Verify Design

	Quality history analysis
	SDS

And Or

DVP
	VM

Conditions

[here we ID the high impact noise factors]
	C

R

I

T

I

C

A

L

M

E

T

R

I

C
	R

A

N

G

E
	Reliability

demonstration

	C

R

I

T

E

R

I

A
	C

O

M

P

O

N

E

N

T
	H

I

G

H

I

M

P

A

C

T

E

R

R

O

R

S

T

A

T

E
	V

M

N

U

M

B

E

R
	V

M

D

E

S

C

R

I

P

T

I

O

N
	V

M

T

A

R

G

E

T
	N

U

M

B

E

R
	N

A

M

E
	
	
	D

E

M

O

N

S

T

R

A

T

E

D

R

E

S

U

L

T
	R

I

S

K

A

S

S

E

S

S

M

E

N

T
	I

S

S

U

E

S


	F

I

N

I

S

H

D

A

T

E

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


60. Assessment of six sigma status 

See excel spreadsheet

61. Hypothesis Testing Roadmap









2 factors













1 factor

     1 sample

     1 level to

         test








2 samples





2 levels to





test for each levels

Special note: In all case of hypothesis testing the evaluation is based on the level of probability set on a a-priori bases. Usually that is set on a p or alpha (
[image: image49.wmf]a

) =  .05, 01 or .001 with the appropriate sample size.

The actual evaluation is: If p value is greater than the a-priori criteria, then we fail to reject the Null (Ho) hypothesis. If p value is less than the a-priori criteria we then reject the null hypothesis. In all cases make sure that the evaluation is based on a a-priory criteria and not on a post priori visual inspection of the results. 

61. Hypothesis testing (cont.)

























1 factor       
2 or more factors


     




More than

 2 levels




1 level



2 levels

Test for

 sigma                   test for

      means





   

             Test for means





Test for sigma

61. Hypothesis testing (cont.)





















Organizational design





Communications





Training





Measures





Rewards








Actions


And


behaviors





Culture





System





Responses (Y. intended function)





Noise factors





Signal factors (M)





Control factors





Error states (failures)





Relation to company and products:





Market segments:








Relation to trends:














Mann- Whitney Test.





Ho: M1=M2.








Kruskal-Wallis Test (assumes outliers)


Ho: M1=M2=M3


The HA may have at least one Mi different





Mood’s Median Test.





Ho: M1=M2=M3


The HA may have at least one Mi different





2 or more levels





2 levels only





Use the Mann-Whiney Test. Ho: M1=M2. 





2 levels or  > 2 levels?





If fail to reject Ho





Test for Medians.





Use either the Sample Wilcoxon or one sample Sign Test.





Ho: M1=M2.











Test for sigma.





Chi2 test:


Ho: � EMBED Equation.3  ���. If target sigma falls between critical level, then fail to reject Ho.





Test median or sigma?





Testing for normality: Ho: data is normal. Use normality test, chi2 test skewness, kurtosis or graphical   presentation on probability paper.





If 2 or more levels:


Use Levene’s Test: Ho = � EMBED Equation.3  ���.


The HA may have at least one � EMBED Equation.3  ��� different. Here you may want to test the homogeneity of variance and if the Null hypothesis is rejected you may want to use the Mann-Whitney Test.





If 1 level:


Test median or sigma





If not normal, 1, 2 or more levels?





Variable data





Chi2 Test


(� EMBED Equation.3  ���) Test


Ho: � EMBED Equation.3  ���


If target sigma falls between critical level, then fail to reject Ho.








1 sample t- test:


Ho: � EMBED Equation.3  ��� 





Test for mean or sigma





F Test


Ho: � EMBED Equation.3  ���





Here you may want to test also for the homogeneity of the variance





If not, the data is drawn independently from two populations and we may use the 2 sample t-test. Ho: =� EMBED Equation.3  ��� If sigmas are equal use pooled std dev to compare.


If sigmas are unequal compare means using unpooled std dev.





If yes, data is from same population and we may pair it. If this is the case we may use the Paired t-test: 


Ho: � EMBED Equation.3  ���





Is data dependable?





Test for mean or sigma





Bartlett’s Test: Ho = � EMBED Equation.3  ���


The HA may have at least one � EMBED Equation.3  ��� different.


If sigmas are NOT equal process with caution or use Welch’s Test. This test may not be available in some software packages





If normal,


1, 2, or >2 levels?





Is data normal?





ANOVA


Multiple regression





1, 2 or more factors?





Variable data





2 proportion test





H0:P1 = P2











1 proportion test





H0:P1 = P1





1 or >1 levels?





Contingency Table


H0: FA independent FB





1 or 2 factors?





Attribute data





Define 


Problem





Why?





Why?





Why?





Why?





Why?





A





Root Causes





Why?





Why?





Why?





Why?





B





Corrective Actions





Why?





Why?





Why?





Why?





C





A





What was done to correct the problem?





B





What was done to improve detection?





C





What was done to change the system?





Ask “why” at least 5 times before accepting that you have reached the real root cause.





Examine the escape point in your process map to find the root cause for detection failure.





Apply this systematic root cause process during your System Prevent investigation.





Lessons Learned:





Investigated By:


Completed By:

















Use this path for the technical root causes being investigated





1





Use this path to investigate why the problem was not detected








2





Use this path to investigate the systematic root








3
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