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C
carpet clip example, 237
categories of failure, 119
cause, 122-123, 127-128
cheap short-living objects principle, 108
CNC. See Computer Numerical
Control (CNC)
Code of Federal Regulations (CFR), 115
color changes principle, 109
common-cause variation, 235-237
compensating for noise, 152-153
composite materials principle, 111
compounding noises, 47
compromise, 79
Computer Numerical Control (CNC),
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confounding, 37, 177
continuity of useful action principle,
107
contradiction, 79-80, 85
law of, 86
matrix, 81
physical, 81
Table of, 86
technical, 81
control array. See inner array
control factor, 12-20, 173
effects, 93-96
Kano Model, 34-38
levels, 34-40
P-Diagram, 140, 141

control types, 129
copying principle, 108
cost—benefit analyses, 208
Cost of Poor Quality (COPQ), 139,
203
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flow-down, 63
measuring, 71-73
current controls, assessing, 129-131
cushioning principle, 105
customer
data collection, 5, 52-55
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data collection, 5, 52-55
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Design for Six Sigma, 225-230, engineering metrics, 9
244-247 engineering parameters, 83—-84
design-in function, 227 equipotentiality principle, 105
design, intelligent, 64 Excel function, NORMSDIST, 245
design of experiment (DOE), 19-20, excitement quality attributes, 27, 31-32
35-38, 63—68 experimental design
matrix, 66 matrix, 157
design-out failure, 227-228 and the P-Diagram, 139-147
design, probablistic, 241 and Tolerance Design, 200
design, process map for robust ,251-252  experiments and testing, and QFD,
design risk assessment, 131 68-73
design variables, 241
detection values, 129 F
deterioration, 142 factor effects, 97
discarding and recovering principle, 110 factor levels, 9-10, 38
distributions, stress—strength, 232-235 failure, 191, 223
documentation, of failures, 114 categories of, 119
DOE. See design of experiment detection ranking system, 128, 130
donut example, 10-12 mode, 119, 122-124
dot plot, 70 physics of, 219
dynamic characteristic, 191 prevention of, 117-118
dynamic Parameter Design, 158 rates, three-period pattern, 238
dynamic response, 2, 164-166, 179 failure, design-out, 227-228
dynamics principle, 106 Failure Mode and Effect Analysis
(FMEA)
E cause, 120
effects, 122-123 current controls, 129-131
effects and consequences, and FMEA, effect, 120
124-127 effects and consequences, 124—127
electrostatic spray example, 197-199 failure mode, 119-122
energy transformation, 8—12 failure prevention, 117-118
engineered system, 171 functional diagram, 120
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Failure Mode and Effect Analysis
(FMEA) continued
functions, 118—-119
manual, 116-117
origins and use, 114-117
potential, 122
risk management, 131-134
understanding causes, 127-128
Failure Mode, Effects and Criticality
Analysis (FMECA), 114
feedback control, 152
feedback principle, 108
feed-forward control, 153
Feigenbaum, Armand V., 26
fishbone relationship, 122-123
five reliability phases, 225-228
flexible shells and thin films principle,
109
flowchart, robust design strategy, 159
40 inventive principles, 84-92
list of, 103-111
parameter changes, 90-92
segmentation, 86—88
spheroidality, 88—90
F-test, 78
function, 118-120, 122—123
design-in, 227
design-out failure, 227-228
in goal tree, 56
ideal, 144-147, 166, 168171
functional diagram, 120

G

goalpost mentality, 147, 205
goal tree, 55-58

gyrocopter example, 165-192

H

Herzberg’s Motivator-Hygiene Theory,
25-26

homogeneity principle, 110

House of Quality, 60—62

hygiene factors, 26

|

ideal function, 144-147, 166, 168-171

ignoring noise, 152

inert atmosphere principle, 111

inner array, 15-20, 38

inputs, 140, 159, 164, 192, 215, 252

intelligent design, 64

interaction analysis, 38—40

interaction effects, 99—-102

intercept, 144

intermediary principle, 108

International Code of Safety for High-
Speed Craft, 115

International Organization for
Standardization (ISO), 115

inventive principles, 84-92, 103-111

Ishikawa, Kaoru, 26

ISO 9000, 115

ISO/TS 16949, 116
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job satisfaction, 26
Juran, Joseph, 26

K
Kano, Noriaki, 26, 49
definitions of quality, 27-29
Kano Model, 27
control factor levels, 34-38
early development, 25-32
and Herzberg’s Motivator-Hygiene
Theory, 25
noise-by-control analysis, 38—40
noise factors, 45-47
outer array, 43—45
quality types over time, 32-34
variability reduction, 40—42

L

laptop computers example, 228-230

larger-the-better, 2, 34, 43, 206-207

law of contradiction, 86

“lemons into lemonade” principle,
107-108

levels, 9-10

lightbulb example, 119-122

and FMFA form, 133

local quality principle, 104

long-term data, 247

Long-Term Dynamic Mean Variation,
247

Lg orthogonal array, 16, 19, 175

L,, orthogonal array, 35

L, orthogonal array, 36-37

Loss to Society, 26, 64, 147-148, 204
lower specification limit (LSL), 148

M
management metrics, 9
maritime industry, 115
market research, 52—55
matrix

contradiction, 81

design of experiment, 66

design factor, 65

noise factor, 65

product planning, 58-63

Pugh, 78
mean squared deviation (MSD), 188
mean squared error (MSE), 188
mean time between failure (MTBF), 223
mean time to failure (MTTF), 223
mechanical vibration principle, 107
mechanics substitution principle, 109
medical devices, 116-117
merging principle, 104
metrics, 6, 34, 169

engineering, 9

reliability, 221

types of, 9

and VOC, 168
Military Procedure MIL-P-1629, 114
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Mizuno, Shigeru, 26

motivator factors, and job satisfaction,
26

Motorola, and Long-Term Dynamic
Mean Variation, 247

N
negation, 80
“nested doll” principle, 104
noise, 65
black and white, 101
compensating for, 153-153
compounding, 47
factor effects, 96-99
management strategies, 152—155
noise-by-control analysis, and Kano
Model, 38—41
noise factor (NF), 12-20, 172,173, 178
allocation to outer array, 43—44
categories, 14
identifying, 151
Kano Model, 45-47
management, 150—-155
matrix, 65
P-Diagram, 140, 142
uncontrollable, 46, 142, 150-151
noise level
averages, 96
reproducible, 46
nominal-the-best, 2, 34, 206
NORMSDIST, Excel function, 245

o
operational definitions, 68—69
orthogonal arrays, 34-38

of control factors, 15
“the other way around” principle,

105-106

outer array, Kano Model, 43—45
outliers, 93
outputs, 152, 159, 192, 215, 252
output variation, 213, 245

P
paint spray example, 197-199
parameter changes, 90-92
parameter changes principle, 110
Parameter Design, 156—158
control factors, 174-178
data analysis, 186-192
data collection, 183-186
dynamic, 171-174
experiment, 183
ideal function, 168-171
introduction, 163-165
noise factors, 178-182
project and team selection,
166-168
stage, 64
static, 157
Parameter Diagram (P-Diagram)
control factors, 140
experimental design, 139-147
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noise factor management, 150—155
noise factors, 140
quality loss function (QLF), 147-150
sample, 145
Taguchi’s three phases, 156—158
partial or excessive actions principle, 106
perceived result, 5, 168
performance characteristic, 191
performance of CTQs, 147-148
performance quality attributes, 27, 30
periodic action principle, 107
phase transitions principle, 110
physical contradiction, 81
physics of failure, 219
pneumatics and hydraulics principle, 109
point estimate, 222
porous materials principle, 109
potential, and FMEA, 122
preliminary action principle, 105
preliminary anti-action principle, 105
prevention of failure, 117-118
probabilistic design, 241
process elements, 252
Process Failure Mode and Effect
Analysis (Process FMEA), 128
process map, for robust design, 251-254
product planning matrix, 58—63
Pugh matrix, 78

Q
QED. See Quality Function Deployment

QS-9000, 115

Quadratic Loss Function. See quality
loss function
quality, 220
basic attributes, 27-30
definitions of, 27-29
excitement attributes, 27, 31-32
improvement, 209
Kano’s definitions of, 27
performance attributes, 27, 30
types over time, 32-34
-versus-cost tradeoffs, 203-204
quality control, statistical, 26
Quality Function Deployment (QFD)
design of experiments, 63—68
experiments and testing, 68—73
goal tree, 55-58
House of Quality, 58—63
market research, 52-55
quality loss function (QLF)
average, 208-209
example, 208
P-Diagram, 147-150
Taguchi’s, 149-150
Tolerance Design, 204-210
quality types over time, 32-34

R

randomization, 183—184

ranking system
Design FMEA failure, 128
Design FMEA failure detection, 130
severity of effects, 126
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reducing noise, 153
reduction in variability, 201-202
region of failure, 242-243
reliability, 220, 223-225
in critical components, 241
cycle, 225
as a metric, 221-223, 225-228
performance, 226
phases, 225-228
requirements, 225-228
reliability design
sigma calculations, 241-248
and Six Sigma, 220-230
stress—strength interference, 231-241
repairs per thousand, 223
resolution, and confounding, 177-178
response, 157, 169
response variables, 139
P-Diagram, 143—-144
reusability, 228
risk assessment, 131
risk engineering and management, 114
risk management, 131-134
risk-management plan, 61
Risk Priority Number (RPN), 132, 135
risk ratings, 59, 61
robust design, 63—64
process map, 251-252
strategy flowchart, 159
robustness, 151, 223
Taguchi’s definition, 238
robust product, 63

Roman numeral notation, 177
root-cause analysis, 228
rubber gaiter example, 239-240

S
scatterplots, 183-184
segmentation, 86—88

principle, 103
self-service principle, 108
sensitivity, 170
severity of effects ranking system, 126
Shewhart, Walter A., 25
Shiba, Shoji, 26
short-term data, 247
sigma calculations, and reliability

design, 241-248
sigma shift, 247-248
sigma value difference example, 247
signal, 169
signal factors, and P-Diagram, 140,
142-143

signal parameter, 191
signal-to-noise ratio, 66

ANOVA techniques, 67

and dB scale, 146

and ideal function, 93

response plot, 93

Taguchi on, 159
skipping principle, 107
slope calculation, 186-187
smaller-the-better, 2, 34, 206, 245
S/N. See signal-to-noise ratio
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SNR. See signal-to-noise ratio
Society of Automotive Engineers
(SAE), 116
Sony, and quality, 223-224
special-cause variation, 128, 236
spheroidality, 88-90, 106
static electricity example, 234
static Parameter Design, 157
static response, 2, 93
statistical quality control, 26
steering column example, 235
strength degradation, 238-240
strength distribution, 232-233, 235
stress distribution, 232, 234
stress—strength interference, and
reliability design, 231-241
strong oxidants principle, 110-111
subfunctions, 56
subjective perception, 5
sweetness/stirring example, 39-41
symbols in technical responses, 59, 61
system design stage, 64

T
Taguchi, Genichi, 26, 209, 217
definition of quality, 149
on failures, 191
L, orthogonal array, 16
Loss to Society, 64
method, 65, 191
and orthogonal arrays, 15-16
Quality Loss Function, 149-150

on robustness, 238
System of Experimental Design, 23,
49,74
Taguchi Methods, 161, 194
three phases of P-Diagram, 156—158
taking out principle, 79, 103
tea example, 3941
team selection, 166
technical contradiction, 81
technical responses, 59, 61
testing
options, 68—69
of prototypes, 69
and QFD, 68-73
Theory of Inventive Problem Solving
(TRIZ)
contradiction, 7984
control factor effects, 93-96
developer, 78
40 inventive principles, 84-92,
103-111
interaction effects, 99—-102
noise factor effects, 96-99
and Six Sigma design, 77-78
39 engineering parameters, 83—84
thermal expansion principle, 110
39 engineering parameters, 83—84
three-period pattern, failure rates, 238
three-phase approach, 156-158, 199-200
tile company example, 154—155
Tolerance Design, 64, 156—158
compared with tolerancing, 197-201
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Tolerance Design continued
concepts, 210-215
and QLF, 204-210
selective tolerance tightening, 203—204
variability, 201-202
Wheatsone Bridge, 210-213
Total Quality Management (TQM), 26
TRIZ. See Theory of Inventive Problem
Solving
two-axis plot, 27

§)

universality principle, 104

unreliability measures, 223

upper specification limit (USL), 148

U.S. Council for Automotive Research
(USCAR), 116

useful life, 219

\"4

values, detection, 129

variability reduction, and Kano Model,
40-42

variables
design, 241
response, 139
variation
common-cause, 235-236
output, 213, 245
special-cause, 128, 236
unit-to-unit, 142, 147
verify reliability performance, 226
VOC:s (Voice-of-Customers), 4—6, 25,
168

W

weighting factors, 59, 61

Wheatsone Bridge, and Tolerance
Design, 210-213

white noise, 101

y 4

zero (as ideal value), 2

zero (as target in Parameter Design),
157

zero Loss to Society, 148
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