| Taguchi Methods

i icthrods 196’
‘;od 11g1‘[#h1 MR x()dt
ZIEIE &
BRI KB TIER 2R

&

il
-
]
i
It
v
I5
Al



1B 5% [ 5 BE A TR T H B R

HOR®E  SEFRGHRBEER = Taguchi
methods : principles and practices of quality
design / FHEEZE > - =kREF] - ZIBKT
B4 - a0 K 97.01

H: 27
BNy 5%
2EEH ' H
EEE]

ISBN 978-986-412-559-3 ( SELEMTYEREF )

1. BEatEE

494.56 96025839

WO FE TR RERTH (E5  10755)
EP%E%I%QEU% 10 H =k =
5 F i <l
7 N 45 B =
R F:&m 2 B & & R 4o~ &
ZE : (02)22900318 B 01056147
Wt:www.gau-lih.com.tw
it : BAERARKR TG A T = 116835
Z 3 E: THREITEHRRREZEFF 14235
ﬁ%m‘% PENATE E(E © 660 TEE
ISBN : 978-986-412-559-3

ﬂ@%ﬂ%&ﬁﬁ%rﬂ%




RAGEBHHIIR -
RITEGEB®RE—NRBIES ;
BT REMEMHQEERRFODRIGE o



ol

Al

ol

Al

Preface

B &R

£AE8 2000 FRESER/N\F  RISEBRARK—FZRSIEN "BO5E
HRISHABRROVBLER TEFO TR BR/FEBRRASMIERIS(Refs.
2-10, 13-17, 23, 24, 29) RAHIE : AT TS NDLENEHM - XZLIRFFE
HRIARRENSTEAI - 7l NERFIE, VEEMS @ (FEEERIRFIER
Qg : STZRENTIRNRREFSMEERIR EF - FIAEITRERFNNE
BYIAE - B2 BB e-mail » F5E - BHEFH » ABELMP—EEBHEER
B @ HRBZRFFZBENTRMERRBTNIEFRELT ANIEHRER - MM
REZEEBMRNEAEBLTDE ; ARRE 3B LANEHME » MBUIRER
EIFTEENER - SLIECROBEERITE LMTRE —FROVSLER
BEBEVLESHMRE—ABTEN "BONE. RS - WIERERIEERIRNGR
i AEBBERTEMEERENETR - FAKBENRERZEEITRB0

(=]

& . 2R ( completeness )e

S W8
TERRZE, B TR BEFEN  RIEFHTEM 0 RIBRDASRE
RIBIBNRTESHREILN  WXRTEESDARBINIER « TR RITEF
BHOVHL - B I ERHEMELBER  {FETE SREZOLBRABTHBERERIIIEME
AR —1  ZEHELRRBIBEERATLZRNEZR » LERNASNVEAIM
Fo BIBESHSARIEBROABTRIEE - F2SHEBEERREIRIFR/AER
R—E2H (=282) 60 "B055E, #2 (AHTBE » B "RERE5E
s TEBRRERETE L) B - FEIDRBRNESBEYNBRENESR  FUESE

\J RN




o
il

B BB ARWREEMUA—MMEY " TRREETRIIETS AL RI2 - MIFXE
—0kE (BURHIER) HFERE - RIERABRRNARNEIN - £EH
sRSTRVER TEFROVFIIRREAS
F—8 (BORDZEMR) BEMBEEHIHBOTLEF SEETEOMIE » 1
SIBEABAEMNBARER - E—BEBILMERTEFRIIRER - =
TVINSEY TBORNEBNT L RO - IRFRIERFRTIZE0NAPIRZSR
SREERBMRROBISIERE -

E8 (BROMONER) HiRstB2Pe)—LEABFF—ME » W8S
J0fI %I Excel REWFE—SNENIFMREINER - E=8 (ERXXER ) £0
& (REt8HE) FAE (BEDH) DRINB SBOLEPH=XZLIE :
BXRE ~ SIN HE ~ REBEDT - E—Z2ASIUSHIER "ERBOSDE TER

QERRRIZOVE (OXREFNARHA+ZEZHEUNT) - WRRERR—MEREE
@ "B0OR5s BERONITZ6PFIR -

FNE (RBBRERST) BlE—SR HBODEBE—SOIREEMIH -
FCE (ERFZARNGS ) 2HERKIEHFERN\GOERE - BIEERROVERS
REFRXRER « RNMB NOEREK ., (TAERER ' BRAFERNERRE
P0) BRIDE - BN\E (BFENEB) MBI ABEERXRMNTIESER - HbRE
MBS LLEEHOER - £ 2/ \EYLUMER TERBOGE TEFIEHRE
B (ZXRZBXHANZ+HTVNG) - WAERERR MBS "BORNE. B
S H BB TIZEMPTRAR

ABWRARIER/RABER—EBHNARNE - KRS ILUKERNFTER

RN Z2/\SELERNSE P - BIBMIR—LSE > MABRIEEEN! -

RS BIITESIN  FEBBRBEERRBR —NTERS ' EEEHBE
EHEEN - 2FNEMIHBLEERIESHREBNIIT - ELSHRT
BLERSZCKERRABNERKBRBNAREES - HBEEEKRBELSER
ZBTEBFEENYITH - TR -—BNNTRS  ATREZENRERDLE
WERKRE GRVZRENTR) - HREBNERBRSBERE2IHBRVEI—
B BBERNEBU—H—N0HSIVET (BESREHE 10 £ 15 DE8IFE) -
HOBRLREXRBEBOELE - RBARR B ERMNES2EAR S




o
ol

S8 FBLECEOEEE ; WRM BB T 2MRSHNFEE - HER2
(RZER) BEQLMEPHREEI RO TEFIMPIEE -

STESA : Excel

BOLERERIFTETE  BREELSIETEFHRRHETCTRESHT (BWHED
W BEONT) EEBHEL ' MBTELIERFTREARINBFRIRME @ BLE
SIRAIZEZFARIRSTNE - HE LA ESRBRIGGTEERE - EWIRY
A%E ASI (Ref. 1) #8i5 5188 » BRIEBUASRBESN TRMKEERE "Ea
F 1 BIRERDHT © FUs2EEE A o) TI26MFIAEEEU0 Excel {ER DR
EE 0 RER : (1) Wil BETE2EERN MBI » (2) aIUK@ERINE
NERFHEEBHNEX © (3) pIEREELFIEREEE L AR HHEHES—F
MERILBHEREWER » MWEBMERIBER » ATE— LB HFRSLS
SMiE » £ Excel ¥ 6 LBITHRR—LZEBCRESANTIA -

A EFMEBZREEFIA Excel RIED ; BE L BB(F Excel ZRIFELE
XUEASNHBER 22— - NVERIFERLBERFTEENEREE : (1) 1£2.2
Bk 5.5 B » {FE#TYY Excel BRRIERET S — LB - BSHE T —LRSIE

(wmv 1B3,) KEREASHBEXRNOBIERE @ EL&SIEEHIERESATHIEE
BEREBREEL - (2) B—EHAMENBRIMEFES A LERBEBRE
o BER I IEHIRIREL Excel BRADBBRIEIBIZIN » HFZEXRILIEEIR
BEEERIEICRGEECHNEER -

EPIRIREE

AERNBTREIHAIER  BEEIE ;
SRZNRIEBR - FEETMRBIRGT S —LIRBE - ELRBBERIE
B I2BBURMRET » WREEIUSRIEFRRNKREFNNAS  REEE
BB - HERBBEZEMONSERSRIFEMERNSE B 2K
—HNER - LHEDFERERBER ' OBNASRNAEREIRIEEMRHNESE
BRE—RMNS SERSEFEIRAREERDNE R BEYLNIER R (£




[l

Al

ESNOBRIANEER)
BIE TR ©

BRREMERBEESHNEE  JUESE BRI EBEBERIERS
8 NERIBERB1T5851E 8 - B LUE open books 5, close books 2T, -
BRERAR/SHITEAFER Excel iRsTHNEUNEE @ ERIRGERENEERROY
T/E - 308 close books f)EFH/T » D BNFSTERREEHNVFTELNIM
BIEMITERA S L o

partic IS8 =]

PES PTHMIEY IR P RERIIEY Excel BREFHM R ASFTHEOI Excel B thIh
BHHEE - BORE : (1) #HE—DTROEREK | 2EE5HRIREE
TFEREFTLAMESEREL - (2) FRESRFECENERESE ; #8Y
DISEEHEPTHIEY e-mail SFERFESIHRERE @ FEF SBEEQERDEI  BL
BEEHZNRESAHIEEBRE L - (3) FEEMMIEADS @ FIETHEIH
MEYLIEHEERE T o SEREYUEBIFEEAMILEN

o

myweb.ncku.edu.tw/~hhlee

cal
E6H

\

EEEEANMREF (BTREXESIEELHN) SIRREEAST » AAREIE
EXE  BEZESEERHIEERHERIAANTEZR - ERBHERYPSIBES
T RETBOPRAE » aIfSE

[B

ZE)E - B0
tHhi » 2008 £F o
Lee, Huei-Huang, Taguchi Methods: Principles and Practices of
Quality Design, Gau Lih Book Co. Ltd., Taipei, Taiwan, 2008. (in
Chinese language)




ol

Al

ABFhREESITERN * IR ~ BROFI « RE_LOVRE » BIREBMNS
RANBNIHNRE LNBERAIRNEHAES - AABMANER ' BRERE
VBN NETTARE— X HRIE - HRE LK "SR BE - BT REEER
SESNTR @ #HELREL:  LHEPLERZFTRHNESLE  KRIRELTN
NERLEDZ (BRIRKEE-—XEBFHSRRBAINERRZTIEN) &R
RISESHZFTHEET » B IADER -

HBRESNINABRR TRENBREHR S — 800N ITFREREBHOKE
FNETCEEB D TTENE—FE - HNRFHETOBH » SREMROE
BN PEBSRRASBNEB MR (AISEBRARIKRASKRERIR)
DR AROFFLE - SIEREPAIHLENT IFFD518] 0 BIERED - HES
MEREEENEE - RFMAREBI2P (BREIRREESESRRR)
RRIELIFRE - EHREIRE R WREAVER ; RS - RN B
LR - SIBEAT ' BENEFABPIEEERIRNSIEER - B ERH
HHRA » BREINAKR RS CERHEBROMENEY)  £AENRIFER
D AIEENHDZEPHER (FNRFEBP _FRE  EREREER
EORESELE ! )

B2 AAZUNSFCSHREBHINRER » —(IZBERENHBNE
BHRE—NBIES ; BARZBROVEE - JUEFINE @ BE=RSBEE
B—RNEBA (M TAZIRHEER) HaBENEE  MReERAER
REANEE  LE-VIBNEMED | LENSHENZHEES -

T ER
BITIRINABRTIZRIER
/ATC 2008 FE 1 B



8 %

1.2

B &K

Table of Contents

i

Al
Bk

R —B&

B0 58
R LOE

1.1-1 BENBA

1.1-2 BOx—E#t

1.1-3 ZEHEEGE (ASI)
1.1-4 ZJIEEF

115 B

2l - BIBRI2ET
1.2-1 REEt

12-2 REHFH

1.2-3 I2I8HAE

1.2-4 RS

1.2-5 ZHIRS60EE)IKE
12-6 FERF

1.2-7 BRERX

1.2-8 BRICHREXNLBHEUE
129 SINL

1.2-10 AFWE

1.2-11 REXRRRES
1.2-12 HERFUHHORERRKRER
1.2-13 EHRES8D48
1.2-14 BRI

1.2-15 [@sR

1.2-16 78I

1.2-17 [REREBER

1.2-18 RFLNERIROVLEE
1.2-19 #43E

1.2-20 ®28H

Preface
Table of Contents

List of Symbols

Taguchi Methods Overview
A Historical Review

Postwar Japan

Dr. Genichi Taguchi

American Supplier Institute (ASI)
English Publications

Taiwan
Design of Tile Manufacturing Process

Problem Description

Quality Characteristics

Ideal Function

Control Factors

Levels of Control Factors

Noise Factors

Orthogonal Array

Experimental Log/Data

S/N Ratios

Factor Effects

Response Table/Graph
Responses of Quality Characteristics
Classification of Control Factors
Process Optimization
Confirmation

Prediction

Confirmation Experiments
Comparison

Postscript

Exercises

15

17

18

18
18
19
20
20

21

21
22
22
23
23
24
25
26
27
28
30
31
32
33
35
36
37
38
38
38



1.3 8l :

1.4

2.2

1.31
1.3-2
1.3-3
1.34
1.3-5
1.3-6
1.3-7
1.3-8
1.3-9

REHEERET
S

DB RIBBMAE
{EHRF

2HERT

FERF

BRECE
BERBUBLER SIN LHEHE
BFREDHT
RETREE(

1.3-10 R

1.3-11
1.3-12

RTINS RIRIILEE
RBE

BOLERE

1.4-1
1.4-2
1.4-3
1.4-4
1.4-5

THEtHEE005 8%
RESEERNE
BOREENTER
AEHUEHNRE
RB B

ERDTEER
BEXfRst2

2.141
2.1-2
2.1-3
2.1-4
2.1-5
2.1-6
2.1-7

FIERERERE

E[zz)E3

BRED M
BREDMEIRER : FRE
REBEDM

RBE

Excel B&REUF (—)

2.21
2.2-2
2.2-3
2.2-4
2.2-5
2.2-6
2.2-7
2.2-8
2.2-9

e E TIF

BT E

ihiRE

AVERAGE, STDEV, STDEVP
NORMDIST, NORMINV
NORMSDIST, NORMSINV
SIN tEEtE

PRSIES

R3REx

8 &

Design of a Brake Assembly 42
Problem Description 42
Quality Characteristics and Ideal 44
Signal Factors 44
Control Factors 45
Noise Factors 45
Orthogonal Array 46
Experimental Data and S/N Ratios 47
Factor Response Analysis 49
Design Optimization 50
Confirmation 52
Comparison 53
Exercises 54
Taguchi Methods Summary 57
Engineering Design Process 57
Robust Parameter Design 59
Steps of Taguchi Methods 60
Topics in Other Chapters 63
Exercises 64
Basics of Data Analysis 67
Basic Statistics 68
Probability/Probability Density 69
Average/Standard Deviation 71
Degrees of Freedom 74
Normal Distribution 74
Defect Rate 76
Standard Normal Distribution 77
Exercises 79
Graphing/Tabling Using Excel 81
Simple Calculations 81
Simple Graphing 81
Drawing Curves 82
Excel Functions 82
Excel Functions 83
Excel Functions 83
S/N Ratios Calculations 84
Arrays Operations 85
Response Tables 85



B &

3.2

3.3

3.4

2.2-10 A3 REB
2.2-11 2EBIS
2.2-12 &hkE SIN thEtE
2213 M-yB

2.2-14 $2%E

BRRER

BRWREHE

3.1-1 HRE

3.1-2 —R—REFBEE

3.1-3 2EFEEWE

3.1-4 BORNBRERERZE
3.1-5 ROE{FRARaIBIM
3.1-6 FRAIRERSTFOIRBERM
3.1-7 BB

3.1-8 ®&BHE

ERRIVER

321 —{EZEHREF
3.2-2 MEZEHRF
3.2-3 =@EZHREF
3.2-4 =RAFBNXZEIEMA
3.2-5 HEER . DEHEE
3.2-6 MEER

327 BBH\

JilI)7 5

3.3-1 RSTWENIRRAR

3.3-2 BEMBEBIOVEIL
3.3-3 BRENHEIPRANNLE
334 @
3.3-5 i : TIKEEER
3.3-6 HEWRNEEMR
337 @#BB

SREFHINEMIREI

341 HFVEVIEFRAZ

34-2 MNKEERFER (Ls)
34-3 —KEERXRER (Lv)
34-4 BEKEERXRER (L)
3.4-5 ®BHE

RECBHREROIETY

Response Graphs

Multiple Curves

Dynamic S/N Ratios Calculations
M-y Graphs

Exercises

Experiments with Orthogonal
Experimental Design Methods

Try-and-Error
One-Factor-at-a-Time
Full-Factorial Experiments
Taguchi's Orthogonal Arrays
Interactions and Additivity
Prediction

Empirical Models

Exercises
Construction of Empirical Model

One Control Factor

Two Control Factors

Three Control Factors

Three-Factor Interactions

Logarithmic Transformation: Separation
Additive Model

Exercises
Additive Model

Analytical Factor Effects

Building of Empirical Model
Comparison

Discussion: Log Transformations
Discussion: 2-Level Experiments
Drawbacks of Log Transformation

Exercises
Empirical Model with Interactions

Analytical Factor Effects

2-Level Experiments with Lg Orthogonal
3-Level Experiments with L7 Orthogonal
Mix-Level Experiments with L1g Array

Exercises

86
86
86
87
88

89

90

90
90
92
95
97
99
101
101

108

108
109
111
112
113
114
117

119

119
121
123
125
126
129
130

134

134
137
144
150
155



3.5

4.2

4.3

4.4

BEREE

3.5-1
3.5-2
3.5-3
3.5-4
3.5-5
3.5-6
3.5-7

BR&

REfEAE

ROARE

R BERRZEFREEE
BREREBRNENE
BZOERFIENTE
RB8

RETENE
BRGETEHENB

4.1-1
4.1-2
4.1-3
4.1-4
4.1-5
4.1-6
41-7

LNk e

ENSES

RIZRENISR

SIN tt
—ReREHLLIEZLER
RBZBRERNLER
REE

R=EEES

4.21
4.2-2
4.2-3
4.2-4
4.2-5

SRI=EEES
SEERNE
R EEERH
FHIRERK
Sy

SIN tt

4.31
4.3-2
4.3-3
4.3-4
4.3-5
4.3-6
4.3-7
4.3-8
4.3-9

SIN Lt

ZERME—BN SINE
ZERMETRN SIN L
ZERME=21) SIN Lt
/M8 SIN H
ZRIFHER SIN I
[REEEAREY
[RESEAREYE—TY0Y SIN Ly
[REEMRBE "I SIN

4.3-10 SIN tEiBE

4.3-11

REHE

SIN tESUE IR E

4.4-1

&8 SIN LHiEH B iE%k

Overview of Orthogonal Arrays

Orthogonal Arrays

Interaction Tables

Linear Graphs

Confounding

Resolutions

Modification of Orthogonal Arrays

Exercises

Measure of Quality

Methods of Quality Measurement

Scenario Description

Defect Rate

Process Capability Index

S/N Ratios

Comparison

Comparison After Adjustments

Exercises
Quality Loss

Quality Loss

Quality Loss Functions
Quality Loss Coefficient
Average Quality Loss

Exercises
S/N Ratios

S/IN Ratios

S/N Ratio for Type-1 NB Case
S/N Ratio for Type-2 NB Case
S/N Ratio for Type-3 NB Case
S/N Ratio for SB Case

S/N Ratio for LB Case
Zero-Point Proportional Case
S/N Ratio for Type-1 ZP Case
S/N Ratio for Type-2 ZP Case
S/N Ratios Summary

Exercises
Numerical Meaning of S/N Ratios

S/N Ratio and Quality Loss

B ik

159

159
164
165
165
167
168
171

175

177

177
178
179
180
181
182
183

185

185
185
186
191
197

198

198
201
202
202
203
205
206
207
208
211
213

216
216



B %

44-2 ER| Examples 218
4.4-3 %2238 Exercises 219

45 B : ERVIERRaI = Polysilicon Deposition Process 220
4.5-1 REIEu Problem Description 220
452 RERMRIBEMEE Quality Characteristics and Ideal 222
4.5-3 2RISR EBS)KE Control Factors and Levels 223
4.5-4 FER> Noise Factors 224
455 BRERE Experimental Orthogonal Arrays 224
456 BHEE Experimental Data 226
4.5-7 SINtb SIN Ratios 227
458 HAIFREDHT Factor Responses Analysis 230
459 BEHREL Process Optimization 232
4.5-10 #3580 Confirmation 234
4.5-11 RIBEER Follow-up Experiment 238

4.6 HyIBiea: Other Types of Ideal Functions 239
4.6-1 MERERSHY Operating Window 239
46-2 ZEIERRE Reference-Point Proportional 240
4.6-3 SHIEROIRE Calibration of Measuring Instruments 241
4.6-4 E(EERY Double Signals 242
4.6-5 IJEfSMERY Nonlinear Characteristics 244

F 53 BEOIT Analysis of Variance 245
5.1 BE0HER Decomposition of Variations 247
5.1-1 BEER= Experimental Errors 247

51-2 #BENHEE 1 EEHRS Decomposition of Variations 250
5.1-3 #ENDR : LELHRERZ Mutiple Control Factots 252
51-4 B : L()ERXXESR Example: L4(2%) Experiments 258
5.1-5 Bfl : BIEIEEE Example: Title Experiments 261
5.1-6 #2235 Exercises 263

5.2 RSFEVEEMEIE Significance Tests 265
5.2-1 REIERETEIE Central Limit Theorem 265

5.2-2 Foih F Distribution 267

5.2-3 HIREOEEMAE : FRISL Significance Test 269
5.2-4 %2325 Exercises 273

5.3 RENGKS Pooling of Errors 276
5.3-1 2 : WIS Example: Tile Experiments 276
5.3-2 SIN bV ERFIRBE8BES/AT, Formula for S/N Ratios 279

5.3-3 B : 8 AHR5 Example: Brake Design 280



5.4

5.5

6.2

6.3

53-4 ®RBHE

EHEEE

5.4-1 [UEEEER

5.4-2 RERECVAWEEM : t D
5.4-3 HENAEEM

54-4 AFREEOEEERERE

5.4-5 FRAIENEEER

5.4-6 fERERMIEENEERER™

5.4-7 FRAELRIESEERSTEENLH

5.4-8 t#pEd F DEIRAMR
54-9 REBHW

Excel BEREF (Z)

55-1 TE{FAFNRAE
5.5-2 ®WREDITR

5.5-3 REHS

5.5-4 ¥§ SIN tLEVEBR DT
555 SREM/NAFTKEBS
55-6 RBE

RIERERE

yied s

6.1-1 ASEINTFRES

6.1-2 RBERERTNRIE

6.1-3 BRXBRPTREFHOLH
6.1-4 MSEYREN

6.1-5 SREtEEIAEfEM

6.1-6 LERFIRIRIVESEEEEM
6.1-7 RBA

PR G EA

6.2-1 BRE{FREHRZEFA
6.2-2 GERFMEVERE

6.2-3 SIN LEaiIRBMAEaDEZE
6.2-4 IS RKEEREE
6.2-5 RBB

6.3-1 BERMEODEE

6.3-2 IRSBEMBEKNRLS
6.3-3 [FERGFA

B8 #&

Exercises 283
Confidence Intervals 285
Confidence Intervals 285
t-Distributions 287
Uncertainty of Averages 290
ClI for Factor Responses 291
ClI for Predictive Values 294
Confidence Intervals for Confirmation 295
Prediction and Confirmation 296
t- and F-Distribution 297
Exercises 298
Graphing/Tabling Using Excel 302
Interaction Tables/Graphs 302
ANOVA Table 302
Pooling of Errors 303
ANOVA for S/N Ratios 304
Graphs with Error Bars 304
Exercises 305
Robust Quality Design 307
Robustness 308
Internal/External Noises 308
Principles of Robust Design 310
Noise Strategies 312
Two-Stage Optimization 315
Design Changes and Robustness 316
Enviroment Changes 316
Exercises 316
Reducing Interactions 318
Strong/Weak Interactions 318
Selection of Quality Characteristics 319
Selection of S/N Ratios 321
Selection of Control Factors 323
Exercises 325
Efficiency of Experiments 327
Necessity of Efficiency 327
Promoting Efficiency 327
Reducing Interactions 328

11



12

B #&

7.2

7.3

6.3-4
6.3-5
6.3-6

—IRFANTEERKRER
PHREFRERFK
EREANRZEGER
6.3-7 OIRBTEERXREN
6.3-8 KRLZGIERANIAERER
6.3-9 HZ=E

BRRENRN
BRFLEE

711 BERFROEMEIR
7.1-2
7.1-3
7.1-4

7.1-5
7.1-6

HEM —EEFRROVES
H=IKEER ROV
RBENKEERRIVERE
B8
RE{ERZFOVEE

7.2-1 WITERNDBEMEG
7.2-2 i IKENZGIERFE
7.2-3 f=KENTEIERZE
7.3-4

74-5 {RBRE

MTERRER

7.3-1 Ap2'x3)EERE
7.32 Ayp(2X3'CEETE
7.3-3 A'x3)pEETE
7.3-4 Au2'x3"pEEXE
7.3-5 SEERFREBHOIM
7.3-6 HFBB

(EESAYE

EAEMIBOVERE

8.1-1 1B{FE

8.1-2 1R{FEAIN SIN L
8.1-3 WEABIE

8.1-4 REHSHRE(
8.1-5 REBERN
8.1-6 ®HZBRHE

KRR : Ly(2°)

=KERIREERNSERSS

Resolution Il Experiments
Distributed Interactions

Isolating Interactions

Resolution 1V Experiments
Empirical Model with Interactions

Exercises

Exploring Orthogonal Arrays
Construction of Orthogonal Arrays

Equivalence of Orthogonal Arrays
Construction of a 2-Level OA: L4(2°%)
Construction of Other 2-Level OA’s
Construction of 3-Level OA’s
Construction of Mix-Level OA’'s

Exercises
Construction of Interaction Tables

Necessary Condition of Orthogonality
Interaction Table for 2-Level OA
Interaction Table for 3-Level OA

Numerical Meaning of 3-Level Interaction

Exercises
Nearly Orthogonal Arrays

Nearly OA: A(2'x3%)

Nearly OA: Ass(2°x3'°)
Nearly OA: A1x(2'x3°)

Nearly OA: Az(2'x3"")
Benefits of Using Nearly OA’'s

Exercises

Case Studies

Design of a Paper Handling Mechanism

Operating Window
S/N Ratios
Experimental Data
Design Optimization
Design of Spring Force

Exercises

328
328
331
332
333
334

337

339

339
341
344
346
348
351

355

355
357
358
358
363

364

364
369
373
376
380
382

389

390

390
391
392
393
394
397



8.2 BEMELMERZNE

8.2-1 ZEUERKRE
8.2-2 BEREIE
8.2-3 HER{EL
8.2-4 [
8.2-5 1XEBHE
8.3 IC R BIF2EL5
8.3-1 RjgEfEt
8.3-2 TSIBEMERINVERE
8.3-3 EHRFBEE
8.3-4 REHFM
8.3-5 ZHIR=F
8.3-6 FEEF
8.3-7 FIBER
8.3-8 ITEH
8.3-9 EREtRIE(L
8.3-10 &R
8.4 EMMESMAEIBOVERET
8.4-1 RygEmst
8.4-2 TEREFREEIKE
8.4-3 [RIBREt THTEER
8.4-4 IEHIRT REEIKAE
8.4-5 TEH
8.4-6 BERIDITEARETRIENL
8.4-7 NEBINBIFESR
8.4-8 NFEHEt
8.4-9 RERFTHIMARETH

8.5 BIHIEIFMHIINE
8.5-1 @t
8.5-2 REBERFM
8.5-3 THEEFAEHRES
8.5-4 HRKBS
8.5-5 BEREE

8.5-6 RAFREDITEERDIT

8.5-7 EtRIE(L
8.5-8 ZEXRD

Improvement of an Extrusion Process

Reference-Point Proportional
Experimental Data

Process Optimization
Confirmation

Exercises
Design of an IC Packaging Process

Problem Description
Verifying Simulation Model
Design Objectives

Quality Characteristics
Control Factors

Noise Factors

Noise Experiments

Main Experiments

Design Optimization

Confirmation
Design of a Differential Op-amp Circuit

Problem Description

Noise Factors and Their Levels
Noise Experiments at Initial Design
Control Factors and Their Levels
Main Experiments

Data Analysis and Optimization
Confirmation

Tolerance Design

Discussion
Reliability Improvement of Router Bits

Problem Description

Quality Characteristics

Noise Factors and Control Factors
Orthogonal Array Design
Experimental Data

Response Analysis and ANOVA
Design Optimization

Survival Probability Analysis

8 &

401

401
402
404
406
407

411

411
411
413
413
413
414
414
416
418
418

421

421
422
425
428
429
430
432
433
435

437

437
438
438
440
444
444
447
449

13



14

8 %

fysk A BR&

Al MKERNERZE
A2 ZKEREINERE
A3 OKERENERE
A4 RKERENERE
A5 SEERZ*

fygk B #STRSURE

B.1 Excel {51}
B2 REERESH
B.3 F4ofh
B4 toh

sk C 2EE
Hi3% D %3

Orthogonal Arrays

Two-Level Orthogonal Arrays
Three-Level Orthogonal Arrays
Four-Level Orthogonal Arrays
Five-Level Orthogonal Arrays
Near-Orthogonal Arrays

Statistical Functions/Tables

Excel Statistical Functions
Standard Normal Distribution
F-Distribution

t-Distributuion

References

Index

453

453
459
465
467
469

475

475
479
481
486

487
491



