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Abnormals, 239
Academic department, design
principles usage
(example), 106—-111
Active signals, examples,
209-210
Altshuller, G.S., 127
Ambidextrous organization,
14-17
Analyze. See Define measure
analyze design and verify
Apple (company)
iPod, success, 31
preservation/evolution,
management, 14
Applications, example,
157
Auto marketing
case study, 240-244
introduction, 240-241
measurement scale,
validation, 241
MS, construction, 241
variables, identification,
242-244
Average completion rate, 50
Axiomatic design (AD), 8, 39,
91
zigzag decomposition, 96

Balanced innovation portfolio,
30-32

Baseline creation, 50

Black belts. See Design

usage, 44

Brokers/intermediaries,
product transfer, 77

Business capability
assessment, questions, 63

Business model innovation,
18

Capability flow up, questions,
65
Changes, implementation, 51
Circuit stability design,
robustness design
(example), 180—-183
Classification principles
database, development, 161
usage. See Robustness
Client experience
improvement
recommendations
(usage), MTS
analysis (basis),
246-247
improvement, case study,
245-247
methodology, 245—-246

287
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Cofactor, 283
Cognitive style, arrangement,
33-34
Collaboration, effective teams
(usage), 32—-35
Combination effects,
obtaining, 214
Combination tables,
construction, 213-215
Communications process. See
Design for Lean Six
Sigma
Compensation by symmetry
principle, 168—169
Competitive benchmark,
questions, 64
Complexity, minimization, 2
Component list, example,
149, 153
Concept design, 172
phase, 5
Conceptual robustness, 130
Conceptual solution,
questions, 64
Configuration management,
questions, 65
Conflict domain, example,
149, 154
Conflict intensification,
example, 149, 153
Conflict time, 150
Contradictions, 139-144
identification, objective,
141-142
types, 140
Control
factors, 181-182
noise factors, interactions,
174

Control-factor-based robust
invention, 169—-170
Control factors (C), 176
Convergent thinking, 36
Coordinate measuring
machine (CMM) support
problem, 152—157
Core team, 68
Corporations, turnover rate,
16
Correlation coefficient,
definition, 287
Correlation matrix,
definition, 287
Costs/harm, minimization
strategies, 118
Coupon holes, 187
panel placement, 189
Creative destruction, process,
16
Critical quality characteristic
(CTQs), 5
Critical to quality (CTQ), 75
Critical to satisfaction (CTS),
75
Culture, paradox, 22
Customer attributes (CAs), 94
Customer critical to (CTs)
components, 58
Customer expectations,
78-83
approach, usage, 88
collection methods, 83—89
concept, 75
phase, 5
Customer needs
gathering, 60
identification, 5
questions, 63
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Customer-producer activity
relationship, elements measureability, 2
(defining), 75-78 phases, 158
Customers architecture, modules,
defining, 76-77 100-101

invoice problem, nine ways
(usage), 138
orientation, paradox, 26—28
products, providing,
148-152
promise
delivery, 11-12
improvement, creation,
12-13
quality, 171
research, initiation, 84
technology, questions, 63
value-added perspective, 53

Decoupled design, 95, 99
Define Measure Analysis
Improve and Control
(DMAIC), 7, 35, 44—45
problem-solving
methodology, 57
Define measure analyze
design and verify
(DMADV), 5
phases, involvement, 37
Degrees of freedom,
definition, 287
Department of Mechanical
Engineering. See
Massachusetts Institute
of Technology
Deployment champions, 68
Design. See Define measure
analyze design and verify

axioms, 91-93
usefulness. See Design
for Lean Six Sigma
black belts, 68
life, 69
training needs/logistics,
71
domains, 93
failure modes/effects
analysis, 39
FMEA, 65
green belts, training
needs/logistics, 71
logic, traceability, 2
matrix, questions, 64—65
principles, actions,
109-111
project champions, 68
scorecard, 39
thinking, back-end process,
36
Design for Lean Six Sigma
(DFLSS)
activities/deliverables,
merger, 61
communications process, 71
deployment, 59—-66
design axioms, usefulness,
91
methodology, 5
application, 2
philosophy, 42
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Design for Lean Six Sigma
(DFLSS) (continued)
projects, financial assess-
ments/validation,
70
questions, 62
roadmap, 4
Design for Six Sigma (DFSS)
approach, 3—6
book guide, 7-9
goal, 1-2
state of the art, 2—3
strategy, proposal, 2
Design parameters (DPs),
94-95
decomposition, 102—104,
112-114
Design process
end-to-end aspects, 36
illustration, 60
mapping, 116
phases, 158
Deterioration/wear, 172
D4 innovation methodology,
38-39
D4 methodology, 37
Diabetes mellitus, 253
Discontinuity, generation, 16
Divergent thinking, 36
Domain thinking, 93-96
Domain vectors, 94
Drops of oil, example, 251
Dynamic S/N ratios, 279—-280
Dynamic type S/N ratio,
233-234

Eastman Kodak, performance
(deterioration), 15

Effective teams, usage. See
Collaboration
Effects database, 145
End-to-end DFSS deployment
process, 1
End users, 77
expectations, sample, 81
Energy transformation, 178
Engineered quality, 171-173
Ethnographic research, 84
focus, 88—89
method, 88
Euclidean distance, 226
Evolution, laws, 146
Executive sponsors, 67
Existing resources, use
(example), 150
Experimental design cycle,
177
Experiments, design,
176-177
Extended team, 69
External (outer) noise, 5

Failure mode and effect
analyses (FMEA), 3
Fan belt/pulley system,
design example, 104—106
Fasting plasma glucose (FPG)
prediction
introduction, 252—-253
MTS, application, 253—254
repetitive annual health
check-up data, usage,
252-254
Field/energy resources, 133
Final design phase, 6
Final products, 76



Financial
assessments/validation.
See Design for Lean Six
Sigma
Finite Element Analysis
model, usage. See
Valveless micropump
design
Finite element modeling,
relationship. See
Working principle
Fixer/modifier, impact, 77
Flow, 49
Fluorination process,
147-148
improvement, 147—-152
Focus group
assembly, 85—-86
format, 86—-87
method, impact, 87
session, 86
Ford, Henry, 48
Fractional factorial
experiments, 177
Full factorial experiments,
177
Functional analysis, TRIZ
analysis tool, 132,
134-136
Functional
requirement-design
parameter (FR-DP)
identification, 108—109
Functional requirements
(FRs), 92, 94-95
actions, 109-111
decomposition, 102—104,
112-114
questions, 64

Index
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Functional resources, 133

Function evaluation, energy
transformation (usage),
173

Gates review, 61
Gilbreth, Frank, 48
Gilbreth, Lillian, 48
Governance system, 40
Growth
driving, innovation (usage),
11
inventiveness, 2
platforms, 17-18
processes, management,
29-30
sustaining, difficulties,
17-18

Hidden factory, 53
Human resources (HR), 133
usage, 70

Ideal final result (IFR), 116,
131
example, 148, 153
Ideal function, 178
Ideality, 82—83
equation, 131
denominator, 117-118
ideation phase, 19
Illumination, innovation
process, 36
Improvement, opportunity
establishment/gap
identification, 51
Inch-long-and-mile-deep
problems, 56
Incubation, innovation
process, 36
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Independence axiom, 92
Independence requirements,
100
Individual, cognitive style, 32
Information axiom/content,
92
Information content, formula,
93
Information resources, 133
Information technology (IT),
usage, 70
Innovation. See Business
model innovation;
Process innovation;
Service innovation
acceleration, 79
climate, 39—-40
design, relationship, 18—28
end-to-end aspects, 36
focus, 2
phases, 19-20
portfolio. See Balanced
innovation portfolio
processes, management,
29-30
projects
execution process, 35—38
four-stage process, 36
scientific effects, usage, 145
Integrated Lean Six Sigma
methodology, 57
Intellect, 52, 54
Internal (inner) noise, 5
Internal rate of return (IRR),
39
Interview method, 84—-85
Interview techniques, focused
approach, 85
Inventions. See Robustness

analysis, 160

collection, 160

discoveries, 128
Inventory, 52, 54
Inverse matrix, 286
Itself method, 132

Jobs to be done, 27

Just-in-time (JIT) inventory
system, 124

Just-in-time (JIT) thinking,
48

Kaizen, 50-51
blitz, 56
events, 50
Koji-molding/molds. See Soy
sauce

Laboratory for Manufacturing
and Productivity (LMP),
creation, 107—-108

Larger the better S/N ratio,
204, 232, 279

Leadership, paradox, 28

Lead time, 50

Lean design

implementation, 115
principles, 115-118
Lean Six Sigma, 41
approach, adoption, 56
design, deployment, 59
enterprise, design, 66—71
improvement, 55—58
methodology. See
Integrated Lean Six
Sigma methodology
origination, 41-42, 47-55
principles, 49



techniques, 55
Lean thinking, focus, 116
Login module, usage, 121
Long-run competitive
advantage, 14-15

Mahalanobis distance (MD),
97-98
introduction, 226
problems, 218
sample values, 237
Mahalanobis space (MS), 227
usage. See Measurement
scale
Mahalanobis-Taguchi
Strategy (MTS), 9
application. See Fasting
plasma glucose
application; Water
emulsion
data analysis, 220
definition, 226—229
experimental
layout/results, 219
methodology
application, 245—246
usage, 247
results, analysis, 221
S/N ratios, types, 232—-234
software system, design,
96-101
software testing, case
studies, 215-222
stages, 97, 229-231
usage. See Multivariate
measurement system
Marketing process, usage, 20
Market orientation, paradox,
26-28

Index 293

Massachusetts Institute of
Technology (MIT),
Department of
Mechanical Engineering
(design principles usage),
106-108

Matrix. See Inverse matrix;
Nonsingular matrix;
Singular matrix; Square
matrix

definition, 281
determinants, 282—-283
theory, related topics,
281-284
transposition, 281-282

MD. See Mahalanobis
distance

Measure. See Define measure
analyze design and verify

Measurement scale

construction, 97, 216,
229-230

development, MS (usage),
234

validation, 97, 216,
229-230, 235—-236. See
also Auto marketing

Medical diagnosis data,
variables, 235

Methods, paradox, 23—-24

Metrics, paradox, 22—23

Micro-electro-mechanical
systems (MEMS), 199

fabrication, 201

Mile-long-and-inch-deep
problems, 56

Modular designs, 118—-122

effectiveness, 121
principle, 121
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Motion, 51, 53
Motivation, influence, 33
MS. See Mahalanobis space
MTS. See
Mahalanobis-Taguchi
Strategy
Muda. See Waste
Multidimensional distances,
226
Multivariate analysis, 217
Multivariate measurement
system
case studies, 234—-247
development, MTS (usage),
225
medical case study,
234-239

Net present value (NPV), 39
Nine windows, TRIZ analysis
tool, 132, 136—139
Noise-factor-based robust
invention, 167—-169
Noise factors (N), 176,
181-182
levels, 182
reduction, 8
Nominal-the-best S/N ratio,
204, 233, 277-278
Nondynamic S/N ratio,
277-279
Nonsingular matrix, 286
Normal distribution,
definition, 287
Normal group, 227
Normals, 239

One-piece flow, 124
Operating time, example, 154

Operational efficiency, 16—-17
Operation time, example, 150
Opportunities, identification,
13
Ordered categorical response,
204
Organizational
structure/alignment,
paradox, 25—26
Organizational value-creation
hierarchies, 74
Organizations
cognitive styles, usage,
34-35
innovative climate, 21
TRIZ, impact, 128
Orthogonal arrays (OAs). See
Three-level OAs;
Two-level OAs
combinations, 231
experimental combinations,
203-204
factor allocation, 193
list, 269-276
role. See Robust system
testing
usage, 174
proposal, 229
Outcome expectation, 79
sample, 82
Output accuracy, 228—-229
Overproduction, 51, 52

Palo Alto Research
Corporation (PARC), 13
Paradoxes
management. See
Preservation/evolution

types, 21-28
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Parameter design, 172,
182-184
Parameter diagram
(P-diagram), 163. See
also Software testing
concept, 162—-163
elements, 175
strategies, representation,
164
Past, selective abandonment,
11
Patent search, results, 161
Pattern analysis, 96
People, paradox, 24—-25
Perception expectation, 79
Perfection, achievement
(paradigm), 24
Performance expectations, 27,
79
Performance generated per
unit of cost, 122
Performance improvement
approaches, 12
Phase-gate process, 60
Physical contradictions
example, 156
resolution, separation
principles (usage), 144
Piezoelectric transducer
(PZT)
electricity, application, 199
movement, 200
positioning, 201-202
Portfolio
mix/timing/quantity, 31-32
paradox, 22
Post-conflict time, 150
Postlaunch phase, 6
Pre-conflict time, 150

295

Prediction accuracy, 228229
satisfaction, 229
S/N ratio, usage, 231-234
Preliminary design phase, 6
Preparation (innovation
process), 36
Preservation/evolution,
paradox (management),
20-21
Printed circuit board (PCB)
analysis, S/N ratio (usage),
194
background, 186
drilled -hole quality
characteristics, 186
drilled -hole quality
improvement, 184—197
drilling defects, 186
experiment
description, 190
design, 192—-195
physical layout, 193
results, 194
factors, levels (selection),
191-192
fixed factors, 191
hole quality, 190
measurement, 187, 188
standard, 187—190
introduction, 185
study, benefits, 196—-197
Taguchi approach, 185
Problem solving
methodology, 34
TRIZ philosophy, 129
Process
innovation, 18
paradox, 23—24
sigma level, 44
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Process capability
information, questions, 66
measurement standards,

42-43

Processing, 51, 53

Process validation phase, 6

Process variables (PVs), 94

Producer, role, 77

Producer-customer value

creation/improvement
process, 76

Product
example, 135
expectations, summary, 80
life cycles, reduction,

14-15
quality, improvement, 79
Production preparation
process (3P) approach,
123-125
Product launch phase, 6
Product/process/business
model innovation,
portfolio, 31

Product validation phase, 6

Program management, 70

Pull, 49

Pull systems, 123—-124

Quality function deployment
(QFD), 3,91

Quality loss function, design.
See Tolerance design

References, 255—262
Research ethics, 89
Resources
example, 150, 154
selection, example, 154

Index

TRIZ analysis tool,
132-134
Response-based robust
invention, 165—-167
Rework, 51, 52—-53
Robust design, 158
Taguchi methods, 6
Robust invention
classification scheme,
161-163
Robustness. See Conceptual
robustness
classification principles,
usage, 161
improvement,
signal-to-noise ratio
(usage), 174
invention, 159
definition, 159-160
usage, 159-170
word search, 162
methods, 173
research methodology,
160-161
term, usage, 159-160
Robustness design, 171. See
also Valveless
micropump design
example, 180184
simulation
importance, 8—9
role, 179-180
topics, 175—-179
Robust parameter design,
159
Robust system testing, 209
example, 210
introduction, 209-211
OA role, 211
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Sales process, usage, 20
Selective signal amplification,
163-165
Selective signal blocking, 165
Sensitivities (S)
average factorial effects,
184
calculation, 183
Separation principles, usage.
See Physical
contradictions
Service innovation, 18
Sigma. See Six Sigma
level, 43
representation, 43
shift, 44
value, 43
Signal-based-robust
invention, 163—-165
Signal factors (M), 175—-176
allocation, 212
Signal-to-noise (S/N) ratio,
178-179
analysis, 205, 239
average, 195
average factorial effects,
184
calculation, 179-180,
193-194
computation, 238—-239
definition, 228
dynamic type, 204—-205
equations, 279-280
gain, 239, 244
reduction, 8
sensitivities, calculation,
183

types, 204—205. See also
Mahalanobis-Taguchi
Strategy
usage, 204—-205. See also
Prediction accuracy;
Robustness
Singular matrix, 286
Six Sigma
approach, 43—-47
level, design/redesign, 2
origins, 42—-43
teams, DMAIC
(application), 35
techniques, 47
Six Sigma-based thinking, 9
Smaller the better S/N type,
204, 278
Software debugging, 221
Software performance,
requirement, 219
Software testing
method, 212-215
OA usage, 217-218
P-diagram, 211
Solution tree, usefulness, 146
Soy sauce
aging, MTS (usage), 249
brewing, nitrogen utility
rate (improvement),
247-250
introduction, 247
MT'S application, factors
(selection), 248—-249
Koji-molding, MTS (usage),
249-250
Koji-molds, preparation,
248
Soy sauce production process,
248
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Sporting goods marketing,
system design (example),
101-104

Square matrix, 282

adjoint matrix, 286

Stack height, 185

Standardized distance,
definition, 287

Standardized variables,
definition, 287

Strategic intent,
identification, 5

Substance resources, 133

Subsystem level, 137

Supersystem, 136—-137

Suppliers inputs processes
outputs and customers
(SIPOC), 175

Supply chain configuration
design, questions, 64—65

Support infrastructure,
building, 69-71

Survey method, 87

Systematic innovation,
process, 29

System conflict (SC),
example, 149, 153

System design, example,
101-104

Taguchi methods (TM), 96,

172
usage. See Valveless
micropump design

Tamari production process,
248

Target products, 76

Taylor, Frederick, 48

Team, cognitive level, 32, 33

Index

Technical contradiction
example, 150, 154—155
resolution, 140-141

Techniques/tools, usage,

38-39

Technological/business

trends, usage, 146—147
Technology assessments,
questions, 64—65
Test plans, questions, 65
Theory of Inventive Problem
Solving (TRIZ), 8, 39, 127
analysis tools, 132—-139
case examples, 147-157
contradiction matrix, 265
database tools, 139-147
contradictions, 139-145
effects, 145
flowchart, 139
introduction, 127-129
inventive principles,
267-268
journey, 129, 130
principles, examples,
142-143
road map, 129-131

Things-in-process, 50

Three-level factors, 213
combination tables,

214-215
interaction table, 214, 215

Three-level OAs, 274—-276

Time resources, 133

Tolerance design, 172
methods, 159
quality loss function, usage,

174-175

Training needs/logistics,

management. See Design
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Transfer functions, questions,
65
Transition plans, questions,
66
Transportation, 52, 54—-55
Trimming
conducting, questions, 136
principles, 135
TRIZ analysis tool,
134-136
Two-factor combinations, 220
study, 213
Two-level factors, 213
interaction table, 214
Two-level OAs, 209
list, 269-273
requirement, 236
Two-step optimization, 174
importance, 6
performing, 203—-204

Uncontrollable variation,
presence, 228

Uncoupled design, 95

Undercut drill bit, 192

Unit group, 227

University system design,
112-114

U.S. Patent and Trademark
Office (USPTO), patent
issuance, 161

Usage conditions, 172

Value, 49
dimensions, identification,
117
engineering, 122—123
maximization, strategies,
118

processes, 19
stream, 49
maps, creation, 58
Value-enhancing levers/
strategies, 119-120
Valveless micropump design
control factors, 202
data analysis, 206
experimental results, 203
experimentation, 202—203
loading/boundary
conditions, 201
noise factors, 202
optimization, Finite
Element Analysis
(usage), 198
robustness design, 200—208
sensitivity analysis, 207
structure/working
principle, 199
Taguchi methods, usage,
197-208
introduction, 197-199
Valveless micropump
structure, 198
Variable reduction range
(VRR), 242, 244
Variables
identification, 97, 216, 230.
See also Auto
marketing
development stage,
236-239
usefulness, 243
Variation
concept, 44
impact, demonstration,
45-46
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Verification, innovation
process, 36
Verify. See Define measure
analyze design and verify
Viscosity-insensitive
variable-area flowmeter,
164
Vision, establishment, 50
Voice of the Customer (VOC),
8
capturing, 73
creation, 58

Waiting, 51, 52
Waste (muda)
prevention, objectives,
115
types, 51

Index

Water emulsion
introduction, 250—251
MTS, application, 251-252
oil presence

(measurement), MTS
(application), 250—-252
Whitney, Eli, 47—-48
WL Gore, growth/innovation,
26
Work cell, 124
Working principle, finite
element modeling
(relationship), 199-200
Work-in-process, 50
Work in process (WIP), 123,
124

Xerox Corporation, 13



