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Summary of Major Six Sigma Tools
Define
1. Project selection
2. Impact and benefit analysis
3. Project roadmapping
Measure
1. CTQ (critical-to-quality) identifica-
tion
2. Quality function deployment
3. Process mapping
4. Failure mode and effects analysis
5.Target and specification formula-
tion
6. Quality benchmarking
7. Descriptive statistics
8. Measurement system analysis
Analyze
1. Capability analysis
2.Short-term and long-term perfor-
mance indices
3. Hypothesis testing
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4. Confidence intervals

5. Sample size determination

6. Identification of causes of variation

7. Multi-vari analysis

8. Analysis of variance

9. Correlation analysis

10. Regression analysis
Improve

1. Design of experiments framework

2. Factorial designs

3. Fractional factorials

4. Balanced block designs

5. Nested designs

6. Response surface designs

7. Mathematical modeling

8. Evolutionary operation
Control

1. Control plans

2. Tolerancing

3. Process monitoring and control

4. Mistake proofing

5. Team building

6. Documentation

7. Quality systems

FEHIMY 28 B DMAIC T B9 FE
MEFF » 5 el EL e e A L 5 {18 B 5 ]
DA A A - fE 2 e IR R e 1 5
TRATRAZ A 2156 Sigmafy 2 1ai 145
BRI RE - ERMAEEEN > Kk
AR EH R R o3 AT s Bh e B AE =
P& B 2 2R 3 B A iR AR S i AL
Fofiat MEAY B Bk AT i1 1t —H 22
B B RO R Ay » [R] Ik 7 ot 8 b A 3
K R EGE 7R DLYGE i E 2 A
R

H e Fisherff B BREL AT A EI AT 52
G T v DU SO P 52 A 6 R
EiEi 1 70fE5EZ(8) - (HZL—HR
DT HE - FkgE < ARSI R
TS i g e g - 2 "R

K" S EE AR L2
Al B 90T o ShaininfyEEREHERR
TP 205 T - /£19704E 2

AIARSZEGH9,10) » I Box Hunter 5z
HunterfE 24l E K& T 3% EZFNE T
RBEEHE  CHEESEMEERREME
HITE 7, S 5k 7 BH? M — 15 JFE F Y
Bl QDK EEHTE - Box H
ERMET 2R AE 1980 AR TRt iE S
B E 18 Taguchi J5i%(12-15) »
Fo 7 BB ARy EREH(16-17) - il
M DA 51 7Y 8 JEE 1 33 A 3t A 2 81 O
EZRIEWEFRHEE - Taguchi J7IETE
B BBl B 2 Fram — B E
19904, » planZ4FHFE(18,19) » H
F6 Sigmalk] 3B & A B 2 K
D= (2,20) it #A T A (o0 15 L s B
BERGTARE - BT aMEHNT]
DR T EmEE s mBEEBE
SeASHE AN T 0 2250
B TR B 2 2 R AR R
Fr | B A 2 45 8% T i am BT %%
BICH 7R B #4252 B Tl 8 38 18 o2 KA IRE
] - TEBLEAFEIFSEISWIHE » F3E
B NI -
L—E AR T L AR B IR K E
» {EFTEEEARVHE E 0 LA E — B
MR CEA T (BB RET{E 19504
A 19604 AR 24 T 2% F 125 h o
FAESRFEFFEQL22)CFEF A
I TechnometricsHE FIHE R » BHES
et aT H R LAY R e B R B R AR
1959 L FIIAHIT T) -
2 5 B ki e AN AR -
3 TR AR L S B SERTRY T
i o
ANFERBEBR AT BB RT 2 A 8% 0 K
#% WY Focus/Users/Environment/
ApplicationZF L & HEAK -
FE —RRES - S AEEIA
HEEBRGTHHEEZ  mHEHES
R A S ARy - [RaIZE R




17 PEREEFiHEEZEE

%2

Approximate Chronology of Applied Design of Experiments
When(Circa) How("Label") Why(Focus) Who(Users) Where(Environment)  What(Application)
Traditional ~ One factor at atime  Study known factors Scientists Laboratories Natural Processes
1975 Shainin techniques  Search for unknown factors Technicians Shopfloor Industrial processes/products
1980 BH? methodologies  Improvement performance level — Statisticians Production Existing processes
1985 Taguchi methods ~ Reduce performance variation Engineers Operation New processes/products
1990 Robust design Minimize cost Managers Development New system
1995 Six Sigma Maximize profit CEOs Company-wide Transactions
2000 "Post Six Sigma"  Expand market Stakeholders  Business Values
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[E2 Factors and response in a process
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[B3 Response in the presence of noise
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Process Monitoring vs. Design of Experiments for Quality

Feature Processing Monitoring  Design of Experiments
Approach Preventive Pre-emptive
Behavior Defensive Proactive

Criterion Conformance Improvement
Deployment Downstream Upstream

Execution Passive observation Planned intervention
Format Loss avoidance Value creation
Human input Procedures Communication
Information used ~ Routine Generated
Justification Damage control Critical to quality
Key parameters ~ Known Often unknown
Location Production floor Cross-function
Medium Descriptive statistics Transfer function
Nature On-line Off-line

Objective Control Optimality
Problems Detected Studied

Query Around operating point Beyond existing conditions
Requirements One-off setup Dedicated resources
Solutions Remedial Fundamental

Target output Stable Changed

Users Individuals Teams

Validity Specific lines General operation
Working Rule-dependent Knowledge-based
X’pected gains Incremental Quantum

Yield Sustained Enhanced

Zero defect Unlikely Approached

I E AR 5 R E Bt 3 mT DUkE
ok 1 DR R RE T 75 2 S B Bl 1
Ttk -
Ry T BRAE TR T - KR35
M SRR B PR L S B At A e
22 FAME - HDI—fE B Eh iy 5 % &
— &l LBy 7 vk DU 1 W & L R 72
FMHE NG - 426 Sigmarf - TR
AR AT E ENRE ZE IR B £ b e iRl "EE
O S QPN Il ot 5 1 e R S DS I DN
LB BRI IE B RAYHTSE
thFEEHIBE A6 Sigma DURE R SRR 4
8o T E SO 5 DL T a R B B BRI
DAEIGE -

iRETERAERELNE
FEEERETHIE M F E g (b 2
THRERN(26,27) Fr gk F M R T2E 57
s DR BRE YRR b RGE A B
+4ET » George Box{EICI FHIRIEE
) - il S B 1% At A AE R B 2 A A
A B s R R e DA e T3¢ YRR -
Box » Hunter z HunterE[IBH?Z #8 1Y
EAR JHBBEDBEENEHE
it et < B Bty et B 52 ;e JE#E
ATy — AR BH2 2 B H Y =
)15 B R ER M R AR o o
78 H Bt 1 - R T o R Y B DU R
JREAER B BRI 2 2R o
EROFREEOFERM » &




ERE it R H T ET - Ak T B
FERYF S ~ 2 HE 0 FE I B $5 A H2E
{53 P o] JFEE b T 9 DA A5 5 50 (3) B4 AR
BB A Z 58 A -~ 2 A5 SR B AR
HBYE R 1 5 8 o] fE 13 Fy 1A 22 i 4 B¢
S ENCINE IS F N =3 52N =R
A 0 AN ] Y BRI R (RO R
VY2 2 Dl el ER - — i 5 B
HIEE B B S o2 T RERY
B3 —W o3 o E4E g - HEE
A H 2 RS R T Ryy=9+e....(4) » e~
NID(0,6%).....(6) » KEFEXG)~(60)F
AT AR ELRE o i R MR B S A il
R Ay —TE R afE B AEBH2Y
BEFTIRE LG B LR -

e~ NID (0, 62)
— l
I +
—_— y
P O
——’,

[B4 Statistican’s experimental frame-
work
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[B5 Taguchi’s experimental framework
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*x4
Shifting Emphasis in the Deployment of Design of Experiments
Feature Past Feature
1. Source of impetus Operations level Top management
2. Training effort Stand-alone courses Structured programs

3. Focus of training

4. Expertise development
5.Motivation for study
6. Nature of application
7.Purpose of application
8. Guiding principles

9. Application mode

10. Areas of investigation
11. Project selection

12. Work ownership

13. Deployment leadership
14. Performance indicator
15. Success criterion

One-off effort

Mainly analysis

Localized

Selection of self-contained analytical tools

Technical performance
Ad hoc applications

Analytical requirements

Manufacturing related
Single-function problems
Isolated individuals
Statisticians in leading role
Statistical parameters
Engineering objectives

Integration of interrelated quality tools
Sustained initiative

Customer satisfaction
Documented projects

More synthesis

Statistical thinking
Organization-wide

Also service, transactional and financial
Cross-functional concerns

Teams

Trained employees as drivers
Financial impact

Business bottom-line
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