A
A/B/C surfaces, See aesthetics, A/B/C surfaces
accelerated stress testing, See quality test (plan),
accelerated
acceptable quality limit, 168, 288, 293, 302, 303,
325, 327
ANSI/ ASQ Z 1.4, 293
MIL-STD 105 E, 293
accessories, 069, 90, 104, 132, 133, 135, 137, 199,
358, 369, See also cost of, accessories
accuracy, See measurement, accuracy
actual-to-actual, 75, 301, 303, 3006, 321, 326
advisors, 70-71, 321
aerospace, 20, 33, 35, 306, 97, 98, 115, 116, 120,
162, 166, 187, 242, 259, 260, 271, 290-291,
311, 330, 337, 338, 340, 356, 364, 367
AS9100, 306, 330
Federal Aviation Administration, 115-116, 367
aesthetic(s), 9, 147, 229, 251
A/B/C surfaces, 125,129, 157-158
color matching, 10, 91, 108, 124, 154, 159,
245, 246, 292
color, material, and finish, See color, material, and
finish
color specification, 10, 91, 123, 124
inspection, 43, 149, 152, 153, 154, 157-159, 175,
264, 292, 296, 298, 301-302, 303
International Commission on [llumination, 124
ISO/CIE 11664-4-2019(E), 124
packaging, 135, 158, 159
prototypes, 21-22, 37, 38-39, 278
specifications, 58, 69, 82, 84, 85, 91, 92, 104, 107,
125, 142, 159
aesthetic defects, 45, 72, 108, 143, 145, 149, 156,
158-159, 292
adhesives, 68, 239, 247
dust, 108, 114, 199, See also durability (testing),
ingress (protection)
flash, 45, 91, 145, 158, 159, 271, 272, 275

foreign objects and debris, See aesthetic defects,
dust
sink mark, 108, 145, 147, 158, 159, 236
ultraviolet, See durability (testing), ultraviolet
exposure
analogous estimation, See cost estimation, analogous
application, 57,58, 70, 82, 84
specifications, 85
team, See functional group, application
development
assembly
automated, See automation
design for, See design for X, assembly
disassembly, See maintenance
fastening, See fastening methods
manual, See automation
production facilities, See production facilities,
assembly
assigned, See part types, assigned, consigned or
generic
auditing
factory/supplier, 59, 75, 77, 212, 250, 254, 262,
2065, 288, 311, 313, 410-411, See also supplier
management
shipment, See shipment audit
augmented reality, 19, 238, 266
automated optical inspection, See quality test (plan),
electronics, automated optical inspection
automation, 59, 186, 215, 218, 225, 226, 238, 240,
253, 257-258, 259, 277, 408, 410
Jikoka, 227
Tesla, 3, 25,257, See also company/product
examples, Tesla
automotive, 33, 35, 30, 38, 49, 56, 97, 98, 132, 147,
169, 191, 214, 215, 216, 242, 243, 258, 276,
298, 337, 341, 367, 284
Advanced Product Quality Planning, 33, 36
Automotive Industry Action Group, 36
ISO/TS 16949, 36
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National Transportation Safety board, 288, 367

Production Part Approval Process, See Production
Part Approval Process

Society of Automotive Engineers, 271

B
barcode, 339, 340, 341, 372, 373
batch(es), 106, 107, 184, 192, 198, 217, 218, 221,
224, 225, 226, 280, 284, 293, 311, 373
bed of nails, See electronics, quality testing in circuit
testing
bench testing, See quality test (plan), bench
bill of materials, 75, 104, 114-119
change management, 114, 120, 122
controlled document, 121-122
cost management, 122,189, 191-199, See also
costs
electronics, 131
engineering, 112,114
indented, 118, 119
managing, 118-121
manufacturing, 112, 114, 119, 262
ownership, 122-123, 317
bio-compatibility, 35, 175, 176
ISO 10993-10, 175
black market, gray market, and counterfeit, 221,
347, 374, 375-376
bottleneck, 3, 40, 213, 226, 262, 286
brand(ing), 8,57, 82, 85, 86, 124, 132, 141,
227,372, 385
logo, 87,91, 92, 242, 372
management, See functional groups, brand
management
packaging, 58, 95, 135, 364
rendering, 85, 88, 89, 91, 123
brick, See product failures, brick
brief, See product brief
broker, 122, 318, 321, See also customs, broker
build
pilot, See pilot process
verification testing, See verification testing
build-measure-learn, 46
build-to-order/build-to-stock, 340-341, 349
build-up estimation, See cost estimation, build-up
business-to-business, See sales channels,
business-to-business

C

CAD, See also drawings; model based definition;
functional groups, CAD engineering

calibration, 147, 244, 250, 264, 290, 294, 411
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calipers, See metrology, calipers
capabilities, See strategic capabilities
capacity
distribution, 359
piloting, 48, 67, 213
production, 32, 43, 59, 337, 338, 340, 343, 344
supplier, 308, 309, 312, 330, 349, 404
tooling, 270, 280, 286
capital equipment, 41, 44, 51, 59, 186, 213, 214,
216, 217, 308, 309, 333, 340, 343, 391
cost, See cost of, capital equipment
carbon footprint, See environmental issues
cash flow, 9, 205-209, 269, 309
modelling, 75, 207-209, 326
tradeoffs, 206-207, 336, 345, 349
sufficient, 5, 10, 12, 25-27, 54, 178-179
certification, 7, 66, 69, 75, 85, 110, 115, 120, 147,
155, 254, 264, 356, 364-371, 371, 372
authorized representative, 368
cost, See cost of, certification
environmental, See environmental issues
examples, See standards, regulations, and
certifications
fair trade, 241
labeling, See labeling
labs, 368, 369
lead time, See lead time, certification
learning about, 368
marks, 371, 372
multiple countries, 27, 35
pre-scans, 370
process for obtaining, 38-39, 40, 66, 65, 369
samples, See samples, certification
specifications, 90, 92
checklists
Continual improvement, 406
Cost reduction, 408
Customer complaint data, 398
Document/data list, 75
Factors to consider when developing a product
realization schedule, 67
Pilot planning, 44
Product definition maturity, 17
Product realization readiness, 22
Questions to ask when designing a distribution
system, 361
RFQ, 325
Tooling plan, 285
Typical terms in an MSA, 327
Visiting a factory, 332
China, See low-cost country sourcing
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Chinese new year, 345
cleaning products, See durability (testing), cleaning
cleanliness, See contamination
color matching, See aesthetic(s), color matching
color, material, and finish, 21, 31, 38, 57, 58, 62, 64,
74,75, 82, 85, 91, 103, 104, 123-126, 143, 325
color specification, See aesthetic(s), color
specifications
committed orders, 337, 339, 343-344
commodity, See part types, commodity
company/product examples
Alibaba, 144, 194, 197, 320, 321, 347
Amazon, 27,69, 197, 202, 205
Apple, 3,24,52, 132, 135, 191, 202, 241,
242, 251, 336
aPriori, 184-185
Bang&Olufsen, 371
Best Buy, 205, 394
Boeing, 3, 20, 116, 238, 259, 260, 282
Coolest Cooler, 3,5, 25
CST-01, 5
Cuisinart, 166, 303
De Havilland, 166, 249
Dell, 251, 340
Dragon innovation, 26
Elio Scooters, 5
Embr Labs, 22, 24, 261
Facebook, 204
Firestone, 288
Fitbit, 96, 175, 312
Ford, 36, 245, 288, 385
FormLabs, 395
Foxconn, 314
GlowForge, 3,27
GM, 20, 30, 77, 385
Google, 19,77, 78, 82,118, 120, 204
GoPro, 312
GTAT, 3,24-25,52
Hatchables, 336
Hydrow, 312
Ikea, 250
IKO systems, 34
Intel, 251, 371
iRobot, 26, 70, 204, 312
Jabil, 314
Johnson and Johnson, 385, 386
Juicero, 19, 87
Kaifa, 163, 218, 314
Keurig, 19, 34, 203
Lego, 284, 290
Lockheed Martin, 3

MassMEP, 321
McDonalds, 175
NASA, 20, 189
Nike, 227
Nissan, 20
Nucleus, 113,123, 125
NYSERDA, 321
Othermill, 390-391
Ring, 204
Samsung, 212
Snapchat, 336
SRAM, 91,92, 165, 222, 259, 274
Strava, 204
Takata, 385
Tesla, 2-3, 20, 25, 36, 104, 205, 257
Theranos, 10
Tickle-me-Elmo, 336
Toner Plastics Group, 237
Toyota, 223, 385
Unruly Studios, 70-71
Volkswagen, 20
Zano drone, 5
compatibility, 85, 88, 204
competitive analysis, 10, 19, 92, 96-97, 203, 232,
320, 321, 368, 386, 394
components, See part(s)
computer aided manufacturing, 277
computer numerically controlled, See manufacturing
processes, machining
concept design, 17-19, 30, 31, 37, 40, 83, 85,
87-88, 150, 184, 282, 283, 338
Conformité Européene, See standards organizations,
Conformité Européene
consigned, See part types, assigned, consigned, or
generic
Consumer Report, See competitive analysis
contamination, 136, 159, 255, 258, 267, 285, 323
continual improvement60, 75, 201, 223, 254, 288,
289, 327, 405-407
checklist, See checklist, Continual improvement
Kaizen, 226-227
team, See functional groups, continual
improvement team
contract manufacturer, 294-316, 368, 376, 393
management, 317-318
master services agreement, See master services
agreement
not a 3-D printer, 9
original design manufacturer, 313, 316-317, 324
original equipment manufacturer, 316-317,
318, 324



purchasing power, 196
responsive, 48
selecting, 11, 67, 149, 323-328, 332-333, See also
supplier selection/base
working with, 70-71, 113, 261, 312-313, 318, See
also vignette, Working with a Contract
Manufacturer
control plan, See process, control (plan)
coordinate measurement machine, See metrology,
coordinate measurement machine
corrective action, 45, 173, 295, 327, 333
cost
amortized, 185, 190, 192, 218, 279, 281
down/reduction, 12,75, 108, 114, 115, 129, 178,
196, 201, 224, 226, 229, 238, 315, 244, 255,
257, 275, 325, 327, 333, 403, 405, 407-410
fully-burdened, See cost of, amortized
landed, 181, 200, 202
non-recurring, 179, 181, 183-188, 205, 207, 269,
284, 310, 324
recurring, 179, 181, 186, 188, 202, 207
terminology, 179-182, 184-185
volume, impact of, 197, 202, 315, 408
cost estimation, 12, 64, 103, 114, 178, 189
analogous, 189, 202-203
build-up, 189, 190-201
expert, 193
parametric, 189, 194-195, 196
software tools, 184-185, 193
cost of
accessories, 199, See also accessories
business operation, 188
capital equipment, 117, 183, 192, 240, See also
capital equipment
certification, 11, 187, 196, 369, 370-371, See also
certifications
commercial off the shelf, 196, 391
customer support, 182, 190, 201, 394-395, 398
development, 183-186
distribution, 27, 88, 181, 190, 200-201, 357-358,
359, 360, 408, 409
electronics, 187, 197-198
extended, 117
fabricated parts, 191-193, 237
factory profit, 190, 191, 200
fixtures, 187
hourly rates, 185
installation, 201
inventory, 238, 298, 337, 346-348, 360
labor, 117, 120, 181, 186, 187, 190, 191, 192, 193,
198, 199, 200, 202, 203, 213, 238, 247, 258,
325, 360
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marketing, 180, 183

markup, 190, 199-200

material handling, 187, 200

overhead, 182,191, 199-200, 202, 324, 326
packaging, 133, 185, 190, 198-199, 242
parts, 185, 193-196, 2006, 240, 346
prototype, 183

quality testing, 187, 298

raw material, 191

reliability testing, 171

repair, 201

rework, 200, See also rework

samples, 10, 32, 178, 183, 187, 325, 327
scrap, 191

services, 183

shipping, See costs of, distribution
targets, 85, 88

tariffs, See taxes, tariffs and fees

testing, 149, 187

tooling, 186-187, 206, 237, 269, 280, 284
warranty, 182,190, 201, 207

cost of goods sold, 181, 190, 191-201, 202, 407
cost, quality, schedule tradeoffs, 2,10, 32, 57,

322, 331

cost vs. price, 179-180
counterfeits, See black market, gray market, and

counterfeit

critical defects, See safety and; product failures,

critical, major, s. minor

critical path, See schedule, critical path
crowdsourcing, 3, 4-5, 25, 27, 70, 205, 390, 391
customer

expectations, 81, 139, 149, 373
promises, 17, 806, 92, 94-96, 147, 202, 243
voice of the, 57, 81, 83, 86, 98, 227

customer complaint, 91, 397

category, 398, 400
cost, See cost of, customer support
criticality, 382, 389, 398, 400, 401
data, 75,392, 395-401, 401, 412
diagnosis, 389, 392, 394, 395, 396, 398
escalated, 381, 382, 388, 389, 392, 398
metrics, 400
response
repair, See repair
replace, 384, 385, 386, 387, 388, 391, 392-393,
395, 398
reimburse, 381, 384, 385, 386, 387,
388, 389, 392
symptoms, 381, 392, 398
team, See functional group,
customer service
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customer relationship management, 79
customer service/support, 380, 387-395, 391, See
also customer complaint
call centers, 387, 388, 389, 394, 398
contact methods, 387, 388-389
web-based, 387, 388
customs, 59, 302, 327, 352, 355, 350, 358, 301, 362,
365, 369, 372
broker, 356, 358
US Customs and Border Control, 356
Current Good Manufacturing Processes, See medical,
Current Good Manufacturing Processes
cycle time, 45, 185, 192, 213, 222, 225, 226, 227, 235, 238,
244, 248, 254, 255, 256, 257, 260, 261, 262, 264,
275,277, 280, 343
measurement, 291
quality testing, 296, 301, 302

D
datum, See drawing(s), datum
dead on arrival, See product failures, dead on arrival
demand, 25, 32,78, 213, 222, 224, 225, 226, 245,
246, 254, 261, 270, 336, 337, 338, 339, 340,
341, 343, 345, 346, 349, 360
design for X, 223, 228-251
assembly, 206, 223, 224, 229, 238-240, 243,
255, 285, 404
maintenance, See maintenance, design for
manufacturability, 4, 10, 26, 64, 65, 103, 106,
223, 229, 234-237, 283, 309, 325
manufacturability, review, 235, 261, 283, 309,
316
rules for, 245-251
SKU complexity, 230, 244-245, See also SKU
sustainability, 229, 240-242
testing, 230, 244
design package, 064, 65, 67, 103, See also drawing,
package
design thinking, 30, 81
design verification testing, See verification testing,
design
detail design stage, 30-31, 37, 64, 84, 184
die, See tool(ing), dies
die casting, See manufacturing processes, casting,
die
differentiation, 225, 245, 255, See also SKU
dimensional measurement, See metrology,
dimensional measurement
disassembly, See maintenance
distribution, 11, 64, 65, 85, 95, 202, 212, 222, 308
352-3062, See also shipping

capacity, See capacity, distribution

center, 67,134, 215, 352, 354, 357

channel, See sales channels

cost, See cost of, distribution

damage during, 95, See also quality test (plan),
packaging

delivery promise, 3, 4, 11, 25, 27, 32, 33, 37, 52,
68, 70, 341, 360

freight forwarder, 201, 353, 355, 357

inland freight, 354, 355

International Chamber of Commerce, 357

International Commercial Terms, 357

last-mile, 219, 357

loading onto transport, 353-354

main carrier, 200, 343, 352, 353, 354, 355, 358,
361

outsourcing, 308, 309, 318, 325, 358-359

pick-and-pack, See
production facilities, pick-and-pack

retailer, 134, 205, 219, 343, 354, 357, 365, 371,
See also sales channel

reverse logistics, 201, 212, 352, 358, 361, 392,
See also functional groups, reverse logistics

shipping, See shipping

system design, 32, 359-362

teams, See functional groups, distribution

third-party logistics, 11, 308, 322, 353, 357, 358,
359, 388

warehouse, 133, 137, 161, 200, 205, 357, 359,
360, 361

document control, 74, 77, 121-122, 126, 250, 264,

265, 303, See also enterprise data
management

downtime, 213
draft angle, See tool(ing), draft angle
drawing(s), 22,103, 106, 127, 128, 130, 189, 237,

283, 325, See also design package
datum, 104, 127, 129
history, 126
numbers, 116, 117
package, 31, 74, 75, 104, 126-130
standards, 126
tolerance, See tolerance
version, 44,77

drop, See durability (testing), drop
dual sourcing, See supplier type, second source
durability (testing), 45, 68, 85, 90, 142, 143, 147,

149, 152, 153, 154, 160-164, 303
abrasion, 161, 163
cleaning, 45,95, 161, 162
compression, 164, 175, 240



contamination, See durability (testing), ingress
(protection); contamination

drop, 7,45, 68, 81,90, 95, 111, 143, 147,
148-149, 150-152, 153, 160, 161, 164, 175

electrostatic discharge, See electrostatic discharge

humidity, 95, 111, 112, 161-162, 169, 173

ingress (protection), 108, 111, 161, 162, 164

IEC 60529, 164

impact, 164

saltwater, 108, 112, 163

thermal, 111, 143, 161-162, 175, 356

torsion, 164

ultraviolet exposure, 94, 96, 129, 142, 163, 280

vibration, 7, 45, 69, 90, 111, 112, 142, 146, 160,
162, 169, 172, 173-174, 175, 240, 249-250,
285, 332

water, See durability (testing), ingress (protection)

dust, See aesthetic defects, dust and; durability

(testing), ingress (protection)

E
ejector pins, See tool(ing), ejector pins
electromagnetic field/interference, 7, 137, 147, 360,
370
Conformité Européenne, See standards
organizations, Conformité Européennem
Federal Communications Commission, See
standards organizations, Federal
Communications Commission
electronics
Arduino, See electronics, development boards
assembly prints, 131
bill of materials, See bill of materials, electronics
breadboards, See electronics, development boards
cables, 135, 169, 250
charging circuitry, 7, 27,111, 157, 301
components placement list, 131
conformal coating, 111, 112, 198, 218, 332
connectors, 11, 104, 105, 110, 111, 114, 131,
146, 161, 193-194, 198, 203, 218, 249, 250,
261, 324
costs, See cost of, electronics
design package, 104, 110-112, 130-131
development boards, 21, 23, 110
fabrication print, 131
flex circuit, 13, 105,111, 130, 131, 203
Gerber, 131
ODB+, 131
printed circuit board (assembly), See printed
circuit board (assembly)
quality testing, 299, See also quality test (plan)

Index 41

automated optical inspection, 219, 266,
296, 299
fixtures, 244, 301
functional, 297, 299
in circuit testing, 44, 219, 296, 297, 299
x-ray, 219
reflow soldering, 198, 218, 299
re-spin, 47, 69
router files, 131
soldering, 11,68, 112, 141, 144, 171, 198, 215,
218, 219, 246, 261, 296, 332, 333
surface mount technology, 117, 131, 218, 290,
333
test pad, 111, 131, 244, 299
through-hole, 117, 215, 218
trace width, 197
vampire devices, 3066
wire harness, 45, 104, 105, 131
wire routing, 131, 246
wiring, 104, 105, 110, 111, 130, 131, 249
electronics market, 82, 347
electrostatic discharge, 163, 215, 266, 267, 332
IEC 61000-4-2, 163
end-cap, 134
end-of-life, 109, 243
engineering, See functional groups, engineering
engineering validation testing, See verification testing,
engineering
enterprise data management, 56, 74-79
enterprise resource planning, 79, 120, 121, 254,
262, 266, 342
environmental issues, 20, 217, 229, 264, 278, 320,
316, 333
California Prop, 65, 365, 366
carbon footprint, 56, 240
design for, See design for, sustainability
energy, 217,241, 366, See also electronics,
vampire devices
hazardous, 6, 33, 241, 356, 360, 366, 367
ISO 14000, 330
ISO 45001, 330
packaging, 241
recycling, 92,95, 191, 229, 240, 241-242, 278,
367, 373
regulations, 7, 147, 217, 241, 360, See also
certifications
Restriction on Hazardous Substances
(RoHS), 241, 366, 367, 368
waste disposal, 6
Waste Electrical and Electronic Equipment, 367
equity, See fundraising, equity
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ethics, 227, 316, 320, 333, 382
Fairtrade, 241, 367
SA8000, 333
Social Accountability International, 333
ex-works, 354
export, 35, 367
Commerce Control List, 35
Export Administration Regulations, 53
International Traffic in Arms
Regulations, 35, 367
US Munitions List, 35

F
fabricated parts, See part types, fabricated
cost, See cost of, fabricated
quality test, See quality test (plan), fabricated
factoring, 206-207
factory, See production facilities
listening too, See vignettes, Listen to your factory
profit, See cost of, factory profit
team, See functional groups, factory operations
visiting, See checklists, Visiting a factory
failure modes and effects analysis, 36, 75, 92,
97-98, 99
fastening methods, 203, 247, 250
adhesives, 105, 112, 114, 175, 239, 240, 247, See
also aesthetic defects, adhesives
fasteners, 144, 1906, 239, 240, 246, 247, 250, 311
glue, See fastening methods, adhesives
snaps, 04, 68, 203, 236, 239, 247
tape, See fastening methods, adhesives
welding, 222, 234, 239, 240, 250, 271
fatigue, See reliability (testing), fatigue
Federal Aviation Administration, See aerospace,
Federal Aviation Administration
financial metrics, 180-181, 202, 206, 237, 405
finger cots, See personal protective equipment
finished goods, 205, 212, 215, 222, 224, 225, 226,
244, 253, 254, 255, 297, 314, 336, 340, 341,
343, 344, 349, 360, 370, 392
firmware, 4, 37, 40, 47, 218, 220, 376, 396
specifications, 82, 85
team, See functional groups, firmware engineering
first article inspection, 64, 107, 130, 270, 271, 283,
296, 297, 299
AS9102B, 271
first part inspection, See first article inspection
first pass yield, 213
first shot, 64, 107, 283
fixtures, See tool(ing), fixtures and jigs
flash, See aesthetic defects, flash

flex-circuit, See electronics, flex-circuit
flow chart, 255-256, 257
forecast(ing), 8, 39, 57, 59, 61, 71, 74, 75, 78, 88,
192, 207-208, 225, 226, 286, 325, 331, 330,
338-340, 343-344, 410
foreign objects, and debris, See contamination
forklift, 134, 247
free on board, 208, 302, 352, 354
freight forwarder, See distribution, freight forwarder
functional groups
application development, 58
brand management, 30, 57, 87, 132, 183
CAD engineering, 58
continual improvement, 60, 396, 405
continuing engineering, 58, 295, 392, 397
customer service, 84, 308, 396, 397, 400, 405,
406
distribution, 59
electronics engineering, 58
engineering, 58, 71, 84, 148, 221, 289, 308, 396,
397, 406
executive team, 57,59, 338, 343
factory operations, 59, 338, 397, 405, 406
finance, 60, 178, 206, 396
finish engineering, 58
firmware engineering, 43, 58, 316
human resources, 55, 315
industrial design, 30, 58, 72, 84, 91, 111, 113,
125, 144, 183, 261, 308
manufacturing engineering, 59, 84, 149, 275,
289, 295
manufacturing operations,
338, 343, 344
marketing, 57, 86, 94, 183, 286, 322, 337, 338,
339, 343, 345, 406
material management, 59
mechanical engineering, 58
metrologists, 59
order management, 61, 358
packaging design, 58, 144, 308, 30, 316
procurement and purchasing, 6, 72, 338
product design teams
product owner, 57, 94
project management, 54, 57,73
purchasing, 129, 315, 322, 343, 406
quality, 59, 72, 148, 149, 308, 315, 396, 397, 406
assurance, 60
engineering, 60, 148, 160, 289, 303
R&D, 58
regulatory, 60
reverse logistics,

59, 149, 318, 337,

59, 396



sales, 57,94, 338, 343
shipment audit, 59
software engineering, 43, 58, 316
supplier management, 59, 71, 295, 322, 331, 406
testing engineering, 60, 149
testing technician, 60
fundraising, 6, 12, 19, 43, 54, 180, 2006, 208, 317,
321
crowdsourcing, See crowdsourcing
equity, 183, 206, 318, 321

G

Gantt chart, See schedule

gate, See tool(ing) gate

gauge, See metrology, gauge

generic parts, See part types, assigned, consigned, or
generic

gift box, See packaging, gift box

globalization, 57, 232, 316, 319, 320

gloves, See personal protective equipment

golden samples, See samples, golden

gray market, See black market, gray market, and
counterfeit

H
hardware meet-up, 321
hazardous materials
environmental issues, See environmental issues,
hazardous materials
RoHS, See environmental issues, Restriction on
Hazardous Substances (RoOHS)
shipping, See hazardous materials
highly accelerated life testing, See quality test (plan),
accelerated

|
ideation, See product planning
IMEI, 373
in circuit testing, See electronics, quality testing, in
circuit testing
industry examples, See also company/product
examples
aerospace, See aerospace
audio equipment, 068, 96, 104, 132, 136
automotive, See automotive
cannabis, 35
chemical, 216
child (toys), 35, 38, 54, 70, 806, 92, 94, 135, 175,
308, 336, 337, 365, 382
ASTM F963, 35, 95, 366
computers, 158, 164, 165, 173, 251, 340

Index 443

construction/building materials, 25, 35, 42, 163,
242, 244, 248, 364
consumer electronics, 64, 93, 154, 161, 165,
168, 202, 204, 214, 216, 243, 257, 258, 259,
260, 297, 300, 311, 357, 371
cycling, 88, 165, 243, 273, 311, 339
drone, 2,5, 367
encryption, 367, 376
e-reader, 191
furniture, 124, 251
HVAC, 242
ink jet printers, 243
internet of things, 68, 71, 94, 146, 384
kitchen appliances, See industry examples, white
goods
lasers, 35
medical, See medical
office supply, 203
safety equipment, 35, 164, 368
smart phones, 10, 52, 58, 88, 92, 93, 135, 147,
160, 163, 170, 212, 241, 301, 336, 349, 395
telecom, 36, 241-242, 253
TL9000, 36
white goods/kitchen appliances, 19, 72, 93,
141-143, 145-146, 161, 203, 204, 225, 242,
243, 303, 316, 381, 393
Incoterms, See distribution, International
Commercial Terms
industrial design, 23, 91, 142, 143, 145, 316, 317
team, See functional groups, industrial design
information security, 35, 204
ISO/IEC 27001, 330
ingress protection, See durability (testing), ingress
(protection)
injection molding, See manufacturing processes,
injection molding
inner pack, See packaging, inner pack
installed base, 397, 400
insurance
product liability and recall,
shipping, 357, 358, 359
intellectual property, 77, 109, 115, 221, 309, 316,
317, 320, 327
non-disclosure agreement, 75,77, 237, 323, 324
inventory, 223, 226, 297, 336, 341
buffers, 213, 222, 256, 262, 266, 343
carrying costs, See cost of, inventory
finished goods, See finished goods
in-process, See inventory, work in progress
lean, 223, 224-225
Little’s law, 225

385, 386
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inventory (Contd.)
management, 59, 78-79, 136, 220, 243, 246, 331,
332, 339, 371, 376
packaging, 133,135
raw material, 221
safety stock, 337
segregation, 332
tradeoffs, 8, 110, 182, 205, 206, 207, 336, 346,
349, 360-362
work in progress, 45, 213, 221, 222, 224, 225,
244, 254, 255, 256, 404, See also inventory,
Little’s law
write-off, 244, 245, 327, 337, 340, 347
investors, See fundraising
invoice, 75, 206-207, 302, 322, 323, 329, See also
factoring

J
jig, See tooling(ing), fixtures and jigs
Jikoka, See automation, Jikoka

K

Kaizen, See continual improvement, Kaizen
Kanban, See lean, Kanban

Kickstarter, See crowdsourcing

L
labeling, 75, 94, 95, 104, 112, 134, 135, 1306,
199, 223, 237, 245, 296, 353, 356, 364, 365,
367, 368, 369, 370, 371-376, See also
packaging
labor force, 39, 44, 133, 262
costs, See cost of, labor
ethical treatment, 320, See also ethics
planning, 59, 254, 257, 258, 259, 262
training, 219, 247, 265, 288, 332, 404, 411
landed costs, See cost, landed
lead time, 22,117, 182 213, 223, 245, 341-343, 349
certification, 368, 369, 370
materials, 342, 343, 349, See also material,
authorization
part/material, 37, 39, 44, 47, 49, 69, 79, 90,
105, 110, 111, 114, 115, 117, 120, 182, 207,
224, 234, 280, 285, 298, 328, 340, 342, 343,

347, 349, 408

production/manufacturing, 66, 225-226, 245,
342, 343, 336

purchase order, 182, 205, 207, 208, 341, 346

shipping, 341, 343, 346, 355, 356, 360, See
also shipping
testing, 244

tooling, 48, 64, 65, 66, 105, 107, 186, 233, 237,
269, 271, 272, 276, 278, 280, 283, 285, 286,
337, 342
lean, 212, 223-227
continual improvement, See continual
improvement
ethics, See also ethics
inventory, See inventory, lean
Jikoka, See automation, Jikoka
just-in-time, 225-226
Kaizen, See continual improvement, Kaizen
Kanban, 221
lead time, 225-226
level production, 224, 226, 344, 345-346
line balancing, 224, 226
one-piece flow, 224
poke-a-yoke, 227,238
quality, 227
respecting people, 227
lean start up, See product development frameworks,
lean startup
learning curve, 120, 121, 315, 318, 408
less than truckload, 91, 346, 355
letter of interest, 323
leveling production, See lean, level production
Little’s law, See inventory, Little’s law
logo, See brand(ing), logo
looks-like prototype, See prototype, works-like/
looks-like
low-cost country sourcing, 198, 200, 315, 319, 330
low volume production, 21, 23, 37, 40, 112, 193,
197, 216, 233, 240, 277-280, 278

M
MACID, 373,374
machining allowance, 275
Made in America, 365
main carrier, See distribution, main carrier
maintenance, 85,91, 93-94, 95, 161, 169, 170, 172,
204, 217, 243, 244, 391, 394
design for, 229, 242-243
preventative maintenance, 75, 250, 269, 277,
284, 294, 333, 411, 411-412
major defects, See product failures, critical, major, vs.
minor
make vs. buy, See supplier selection/base, make vs.
buy
manual assembly, See automation
manuals, 93, 95, 135-136, 137, 199, 366, 368,
372, 373

manufacturer’s suggested retail price, 12, 376



manufacturing equipment, See capital equipment
manufacturing execution system, 79
manufacturing facilities, See production facilities
manufacturing processes
additive manufacturing (3-D printing), 23, 26, 37,
38, 44, 45, 111, 187, 230, 234, 239, 240, 248,
269, 270, 275, 276, 278, 279, 280, 281, 291
blow molding, 216, 230
casting, 105, 158, 216, 230, 231, 235, 2306, 249,
257, 271, 274, 275, 277
die, 233,234, 270, 272
investment, 234, 270
sand, 7,234,270, 274, 283
urethane, 118, 119, 270, 255, 256, 265, 270,
273, 274, 278, 279, 280-281, 305
composite, 220, 270
deep drawing, 106, 230, 233, 235, 270
etching, 105, 187, 270
extrusion, 237, 248, 249, 274, 342
forging, 105, 106, 126, 215, 216, 233-234, 249,
270, 272, 277
injection molding, 7, 26, 64, 105, 107, 108,
125, 144, 158, 178, 186, 191, 192, 213, 214,
216, 219, 221, 231, 232, 236, 237, 241, 248,
249, 269, 270, 271, 272, 273, 277, 279, 280,
281, 283, 295, 309, 315, 333
lapping, 236
laser cutting, 3, 27, 37, 105, 191, 214, 233
machining, 64, 105, 106, 108, 129, 185, 180,
191, 192, 214, 216, 230, 231, 232, 233, 236,
241, 248, 249, 257, 271, 275, 276, 277, 278,
279, 281, 285
metal injection molding, 232, 233, 277
metal spinning, 270
over-molding, 93
press brake, See manufacturing processes, sheet
metal bending
reaming, 236
sheet metal bending, 105, 233, 234, 236
stamping, 105, 214, 233, 234, 270, 274, 281
thermoforming, 105, 214, 235, 272
tooling, See tool(ing)
turning, 105, 112, 214, 234, 236, 242, 258,
259, 277
turret press, 214, 234, 258, 274
vacuum forming, See thermoforming
wire EDM, 234
manufacturing process scalability, 52, 194, 339,
403-405
manufacturing process selection, 103, 129,
230-234
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manufacturing readiness level, See readiness,
manufacturing readiness level
manufacturing resource planning, 120, 121, 254,
262, 342
margin, See financial metrics
market(ing), 13, 38, 43, 44, 57, 806, 135, 322, 371
collateral/material, 82, 92, 94, 96, 323, 325,
371, 373
costs, See cost of, marketing
samples, See samples
team, See functional groups, marketing
markup, See cost of, markup
mass production, 401-413
mass production rates, 7, 30-30, 32, 345, 403
mass production readiness, See readiness, mass
production
master carton, See packaging, master carton
master production schedule, 75,338
master services agreement, 75, 182, 186, 187, 199,
302, 322, 323, 326-328, 329, 352, 353, See
also supplier, contract terms
material
authorization, 29, 75, 207, 327, 328-329, 343,
344, 345, 346, 349
handling, 59, 187, 215, 220, 221, 222, 226, 253,
254, 255, 257, 264, 266-267, 285, 333, 405,
411, See also cost of, material handling
lead time, See lead time, part/material
management, See functional groups, material
management
planning/purchase, 103, 114, 212, 254, 308, 321,
340
readiness, See readiness, material
return material authorization, 75, 223, 302, 325,

327, 329
shortage, 8,72, 109, 115, 157, 330, 345, 340,
347, 349
material requirements planning, 78, 333, 338,
343, 344

measurement, See metrology
medical, 2,10, 33, 35, 97, 115, 120, 122,
162, 186, 187, 202, 204, 215, 220, 254, 257,
258, 288, 289, 330, 341, 347, 364, 367,
376, 404
Current Good Manufacturing Processes, 33, 30,
254
EU Regulation 2017/745, 36
Food and Drug Administration, 33, 35, 115, 116,
367, 368, 385, 410
ISO 13485, 36, 330
ISO 14971, 36



446 Index

metrology, 157, 289-292, 304, 305
accuracy, 107,129, 290
calibration, See calibration
calipers, 291, 305
color, See aesthetic(s), color matching
coordinate measurement machine, 60, 129, 185,
289, 291
dimensional measurement, 290-292
gauge, 291, 292
gauge repeatability and reproducibility, 290
golden sample, See samples, golden
National Institute of Standards and
Technology, 290
precision, 290
team, See functional groups, metrologists
validity, 289
minimum order quantity, 110, 117, 120, 122, 182,
189, 192, 194, 224, 246, 337
vs. cash flow, 120, 2006, 346, 348
vs. cost, 197,198, 202, 206, 347, 348
minimum viable product, 12, 46, 87, 88, 246
minor defects, See product failures, critical, major,
vs. minor
mixed model production, 49, 225, 245
mobile application, See application
model based definition, 130
multiple environment overload stress test, See
quality test (plan), accelerated
multi-step stress testing, See quality test (plan),
accelerated

N

next product, See product family

non-disclosure agreement, See intellectual property,
non-disclosure agreement

non-recurring costs, See cost, non-recurring

o

one-piece flow, See lean, one-piece flow

open book quote, See quote(s), open book

operational state, See quality test (plan), operational
state

operations plan, See process, plans

order fulfillment, 200, 203-205, 215, 219-220, 222,
354, 357, 358, 360

order handling time, 342

original design manufacturer, See contract
manufacturer

original equipment manufacturer, See contract
manufacturer

overhead, See cost of, overhead

P
packaging, 2,38, 39, 45, 65, 69, 85, 90, 93, 104,
131-137, 149, 215, 297
accessories, See accessories
aesthetics, See aesthetic(s), packaging
branding, See brand(ing), packaging
case-made boxes, 134, 135
cost, See cost of, packaging
design, 11, 63, 65, 66, 69, 74, 75, 95, 103, 104,
114, 137, 325
dust cover, 135,137, 199
end-caps, 134
environmental impact, See environmental issues,
packaging
gift box, 58, 69, 90, 134, 135-136, 158, 175, 199,
364, 369, 371, 372, 373
inner box, 135
inner pack, 58,90, 134, 135, 136, 175, 199, 355,
371, 372
insert, 58, 69, 90, 104, 133, 135, 136, 137, 199
International Fiberboard Case Code, 133
International Safe Transit Association, 175
inventory, See inventory, packaging
ISTA-2A, 91,175
labels, See labeling
lessons learned, 133
manuals, See manuals
master carton, 90, 91, 133, 134, 136, 137, 161, 175,
199, 222, 352, 355, 357, 361, 371, 372, 373
outer box, 135
pallet, 91, 133, 134, 136-137, 220, 352, 355, 357,
360, 361
point of purchase, 134-135
production facility areas, See production facility
areas, packaging
scratch proofing, 136
shrink wraps, See dust cover
sleeve, 90, 135, 136
team, See functional groups, packaging design
testing, See quality test (plan), packaging
types, 133-134
unboxing, 95,132, 133, 134, 135, 147, 198, 241,
242, 394
pallet, See packaging, pallet
Pantone, See aesthetic(s), color specification
part(s)
commonality, 224, 238, 243, 246
minimize count, 19, 26, 223, 224, 238, 246
numbering, 116, 117
specifications, 82,173
part types, 105-113



assigned, consigned, or generic, 103, 105, 108,
109, 111, 112, 115, 117, 119, 129, 316, 325,
408, 409
commercial off the shelf, 27, 105, 108-109, 110,
112, 117, 169, 190, 196-197, 297
commodity, 196, 231, 238, 349
consumables, 105, 112, 196, 204
custom, 105, 109-110, 297, 324, 390
electronics, See electronics
fabricated, 105-108, 203, 253, 299, 324
production intent, 7,17, 37, 38, 40, 41, 44, 111,
143, 144, 153, 157, 278, 279, 280, 370
raw materials, 105, 112
path planning, See computer aided manufacturing
pattern, See tool(ing), pattern
personal protective equipment, 267, 323
pick-and-pack, See
production facilities, pick-and-pack
pilot process, 31, 36-52
capacity, See capacity, piloting
getting ready, 42,75
location/line, 48-50
manufacturing, 51-52
phases, 38, 40, See also verification testing
planning, 41, 42, 51
reports, 45,75
re-running, 178
running, 42, 107
poke-a-yoke, See lean, poke-a-yoke
precision, See metrology, precision
preventative maintenance, See maintenance,
preventative
printed circuit board (assembly) 58, 104, 105, 130,
190, 197-198, 203, 215, 217-219, 270, 296,
297, 299, 314, See also electronics
cost of, See cost of, electronics
design of, 110, 111, 131, 218, 244, 261, 317, 325
production facilities, See production facilities,
electronic
stencil, 39, 130, 187, 218, 269, 270
privacy, See information security
process
control (plan), 75, 289, 295-296, 299, 303-305
design, 252-267
flow, 75,253, 255-257, 297, See also flow chart
plans, 75, 259-263
product brief, 81, 83, 84, 85, 86
product data management, 78
product development frameworks, 30-33
agile, 30
iterative, 231
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jobs to be done, 81
lean startup, 30, 46, 81
linear, 231
waterfall, 30
product failures
brick, 147, 163
critical, major, vs. minor, 156, 158, 168, 293, 303
dead on arrival, 147, 156
product family, 106, 204, 243, 281, 317, 375, 385, 412
product lifecycle management, 78
product planning, 30, 31, 85, 87
specifications during, 86-87
product realization
industry standards, 33-36
marathon, 8-9
organizational changes, 32, 33
process overview, 29-52
product development, See product development
frameworks
three rules, 9-10
why learn about it, 10-12
product reviews, See competitive analysis
production facilities
assembly, 215, 217, 219, 222, 314
dedicated, 192, 214, 215-220, 257, 258, 315
electronics, 198, 215, 217-219, 297, See also
electronics
fabrication, 215, 216-217, 219, 221, 312
flexible production, 214, 216, 258
job shop, 48, 49, 50, 214, 216
layout, 212, 222, 225, 254, 226, 262, 352, 358, 404
pick-and-pack, 215, 219-220, 354
printed circuit board (assembly), See production
facilities, electronics
prototype, 39, 216
secondary processes, 215,217
simulation of, See simulation
team, See functional groups, factory operations
tour, 322,326, 331
production facility areas
finished goods, See finished goods
incoming materials, See also production facility
areas, receiving
incoming quality control, 220, 221, 298, 297, 333
kitting, 221
packaging, 222,297, 303, 305, 354
quarantine, 221, 223, 333
raw material, 221
receiving, 219, 220
rework, 219, 221, 223, 227, 297, See also rework
shipping, 222,352, 354
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production intent parts, See part types, production
intent
Production Part Approval Process, 36
production planning, 39, 335-350
production verification testing, See verification
testing, production
profit margin, See financial metrics
project
management, 13, 53-79
manager, See functional groups, project
management
prototypes, 2,4, 0, 8,23, 31, 37, 39, 66, 70, 87,
111, 145, 230, 240, 253, 278, 278, 279, 325
aesthetics, See aesthetics, prototype
cost, See cost of, prototype
engineering, 21, 37
maturity, 17, 21-22, 26, 38, 390
production facilities, See production facilities,

bench, 20, 39, 40, 147, 156, 157

built-in, 157, 244, 266, 289, 301, 394, 395

burn-in, 244, 301

button, 90, 146, 152, 155, 165, 170, See also
technology examples, button

camera, 45,152, 156, 157, 222, 246, 295, See also
technology examples, camera

cost, See cost of, quality testing

cycle time, See cycle time, quality testing

design for, See design for, testing

destructive, 43, 200, 223, 298, 303

durability, See durability (testing)

electronics, See electronics, quality testing

fabricated parts, 299

field testing, See quality test (plan),users testing

functional, 43, 68, 151, 152, 154, 156-157, 289,
296, 297, 300-301, 302, 303

incoming quality, 114, 220, 264, 296, 297, 298,

prototype 299, See also production facility areas,
readiness, See readiness, prototype incoming quality control
works-like/looks-like, 2, 21, 139, 153, 261 in-line, 7, 44, 45, 219, 256, 264, 300, 301
proxy products, See competitive analysis ongoing production testing, 140, 296, 303
purchase order, 39, 54, 75, 82, 182, 207, 221, operational state, 161
311, 313, 322, 323, 327, 328, 339, 340, packaging, 149, 155, 175
341, 344 pass/fail, 151, 292, 295
purchasing and production activity control, 75, pilot, 75, 145-176, 264
338, 343, 344 production, 75, 140, 157, 296-305
reliability, See reliability (testing)
Q reports, 75,148, 151, 333
QR codes, 371 self-testing, See quality test (plan), built-in
quality shipment audit, See shipment audit
definition, 139, 140-144 statistical process control, See statistical process
as designed, 140, 141-143 control
features, 142, 143 user, 37, 140, 155, 174, See also validation
labs/testing facilities, 215 visual inspection, 293
measuring, 288, 289-292, See also metrology quality test equipment and fixtures, 39, 48,
management systems, 223, 254, 288, 289 165-166, 259, See also functional groups,
ISO9001, 36, 254, 288, 329 testing engineering
performance, 142, 143 quarantine, See production facility areas,
as produced, 140, 144 quarantine
quarantine, See production facility areas, quick start guide, See manuals
quarantine quote(s), 103, 129, 149, 183, 186, 187, 189, 193,
teams, See functional groups, quality 196, 197, 235, 320-323, 323, 326
quality test (plan), 54, 103, 148, 150, 152, 220, 223, actual-to-actual, See actual-to-actual
288 open book, 324, 326
accelerated, 143, 149, 150, 154, 155, 172,
173-174, 250 R
acceptable quality limit, See acceptable quality ramp, See mass production rates
limit RASCI, 61-63, 75, See also roles and
aesthetics, See aesthetics, inspection responsibilities

alpha and beta, 37, 41 razor/razor blade model, 203, 204, 205



readiness, 16-28, 390

checklist, See checklist, Product realization
readiness

concept, 17-20
manufacturing, 4, 24-25, 212
manufacturing readiness level, 20, 25, 38
mass production, 4
material, 44, 67, 68, 333
product definition, 22-24, 47
prototype, 21-22,23
risks, 17, See also risk management
starting before you are ready, 27
technology, 4, 20-21
technology readiness level, 20, 21, 38
tooling, 107, 212

read-only memory, 82,372, 373, 374

recall, 10, 20, 35, 68, 69, 77, 95, 96, 97, 98, 130,

162, 166, 175, 212, 288, 303, 364, 368, 372,

382, 383, 385-387
recurring costs, See cost, recurring
recycling, See environmental issues, recycling
refurbish, 388, 392, 393, 394
registration, 384, 394, 395
regulations, See standards, regulations, and
certifications

reliability (testing),12, 33, 45, 54, 59, 83, 85, 90,

142, 143, 147, 149, 152, 154, 165-173, 229,

250, 303, 384, 393
budget, 85, 167, 168
confidence, 160, 171, 172
cycles, 170-171
vs. durability, 143
fatigue, 98, 111, 153, 166, 169, 250, 303
part, 111, 194
samples, 167,170-171
schedule, 38-39, 40, 153, 171
target rate, 88, 90, 166-169
Weibull distribution, 171
rendering, See brand(ing), rendering
repair, 58,59, 77, 92, 166, 169, 170, 182,
201, 212, 219, 229, 242-243, 391, 393,
395, 396
replacement, See spares
request for
information, 75, 323
proposal, 311, 322, 324
quote(s), 65,75,193, 197, 311, 312, 319, 322,

323, 324-325, 326, See also actual-to-actual

requirements, See specifications

resource availability, 309, 317, See also roles and

responsibilities
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retailer, See distribution, retailer

return material authorization, See material, return
material authorization

return on investment, See financial metrics

return rate, See warranty, return rate

returns, See customer complaint

revenue, 2,60, 179, 182, 183, 202, 203-205, 207,
208, 242, 325, 393

rework, 59, 60, 200, 213, 223, 285, 292, 293, 296
301, 303, 305, 343, 405

area, See production areas, rework
costs, See cost of, rework

ribs, 64, 106, 153, 186, 236, 248, 275, 283

risk management, 17, 27, 34, 306, 46, 55, 69-73, 75,
148, 150, 330

robotic assembly, See automation

robust design, 141, 227, 258

roles and responsibilities, 9, 55, 56-63, See also
RASCI

root cause analysis, 45, 60, 97, 98, 122, 123, 148,
157, 173, 223, 243, 288, 295, 302, 315, 317,
331, 392

route sheet, See process, plans

S
safety, 6, 33, 48, 92, 97, 98, 127, 153, 156, 160, 161,
166, 167, 169, 171, 172, 173, 221, 229, 241,
264, 267, 274, 301, 303, 356, 372, 381, 382,
385, 387, 400
Consumer Product Safety Commission, 35, 97,
175, 368, 382, 385, 387
Underwriters Laboratory, 365, 366
safety stock, See inventory, safety stock
sales and operations plan, 75, 337,
338, 344
sales channels, 91, 205, 207, 338, 339, 340, 357,
376, 392, 394, 398
business-to-business, 35, 205, 288
pre-orders, 205
website, 205, 357, 373
samples, 9, 38, 40, 43, 54, 57, 140, 153, 156, 178,
261, 325
certification, 155, 329, 368, 369, 370
cost, See cost of, samples
golden, 158, 292, 299
packaging, 137
plan, 41, 42, 43, 44-45, 75, 149, 150, 154, 1506,
368
reliability, See reliability (testing), samples
sharing, 152, 156
testing, See quality test (plan)
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schedule, 33, 46-48, 70, 310, 317

critical path, 47,55, 63-71, 75, 270

delays, 4, 54, 66, 68-69

estimating, 11, 66, 67, 25-27
scrap rate, See yield (rate)
seasonal trends, 54, 201, 258, 341, 345, 370, 400
second source, See supplier type, second source
secondary processes, 1006, 124, 192, 215, 217, 226,

232, 233, See also surface finish(es)

serial number, 358, 371, 372, 373, 374-375,

394-395, 398
setup (time)
batch, 106, 107, 184-185, 186, 190, 192, 198,

218, 236, 262, 263, 264, 360
product, 92,93, 95, 169, 204, 372, 373
shake and bake, See durability (testing)
shelf-life, 360
Shenzhen electronics market, See electronics market
shipment audit, 60, 101, 200, 245, 264, 296, 297,
302-303, 325, 327, See also functional groups,
shipment audit
shipping, 91, 302, 320, 346, 352-353, See also
distribution
container, 134, 136, 200, 346, 355, 356, 357, 359,
361
hazardous materials, 136, 356, 360, 366
International Air Transport Association, 366
land transport, 200, 353, 355, 358
less-than-truckload, 91, 200, 355, 361
sea/air, 200, 207, 352, 354, 355-356, 365
time, See lead time, shipping
US Department of Transportation, 366
USDOT-UN3480, 366
shrink, See theft
simulation, 173, 254, 262, 272
sink mark, See aesthetics, sink mark
SKU, 78, 104, 123, 220, 245, 331, 339, 371, 372,
373,374
design for complexity, See design for, SKU
complexity
packaging, 134, 135, 1306, 225
social media, 54, 97, 132, 394
software, 20, 22, 35, 37, 104, 147, 220, 301, 316,
368
cost estimation, See cost estimation, software tools
integration, 37, 38, 47, 111
ISO/IEC 90003, 330
licensed, 372
specification, 82, 84
testing/development,
software as a service,

38, 40, 41, 43, 186, 358
78, 118, 183, 208

soldering, See electronics, soldering

sourcing, See supplier selection/base

spares, 79, 91, 94, 135, 201, 223, 390, 392,
393, 395

backward compatibility, 243, 391
inventory, 393
special economic zone, 355, 361

specification (document),13, 31, 47, 55, 64, 74, 75,
80-101, 103, 139, 144, 145, 146, 148, 149,
150, 153, 160, 169, 174, 189, 305, 412
aesthetics, See aesthetics, specifications
app, See application, specifications
content, 84-89
firmware, See firmware, specifications
functional, 147
information gathering for, 89-101
managing, 98-101
part, 85,108, 110, 114, 169
product, 90, 153, 240
product development process, 83-84
requirements vs. specifications, 81-82
spot market, 69, 346, 347, 349
spring-back, 247, 248
stakeholders, 37, 84, 85, 86, 87, 92, 391, 396
standard operating procedures, 38, 44, 45, 75, 250, 258,
259, 262-266, 262, 290, 294, 332, 410
testing, 147, 148, 149, 151, 156, 253
standards organizations
American National Standards Institute, 293
American Society for Testing and Materials, 35,
366
American Society of Mechanical
Engineering, 126
Automotive Industry Action Group, See automotive,
Automotive Industry Action Group
Bluetooth, See technology examples, Bluetooth
Conformité Européenne, 366
Consumer Product Safety Commission, See safety,
Consumer Product Safety Commission
Federal Aviation Administration, See aerospace,
Federal Aviation Administration
Federal Communications Commission, 365, 366,
367, 368, 370
Food and Drug Administration, See medical, Food
and Drug Administration
International Air Transport Association, See
shipping, International Air Transportation
Association
International Chamber of Commerce, See
distribution, International Chamber of
Commerce



International Commission on Illumination, See
aesthetics, International Commission on
Ilumination

International Electrotechnical Commission, 163,
164, 330

International Safe Transit Association, See
packaging, International Safe Transit
Association

International Standards Organization, 36, 124,
175, 254, 288, 329, 330, 355

National Highway Traffic Safety
Administration, 385

National Institute of Standards and Technology,
See metrology, National Institute of Standards
and Technology

National Transportation Safety Board, See
automotive, National Transportation Safety
Board

Plastics Industry Association, 125

Social Accountability International, See ethics,
Social Accountability International

Society of Automotive Engineers, See automotive,
Society of Automotive Engineers

Underwriters Laboratory, See safety, Underwriters
Laboratory

US Customs and Border Control, See customs, US
Customs and Border Control

US Department of Transportation, See shipping,
US Department of Transportation

ZigBee, See technology examples, ZigBee

standards, regulations, and certifications

Advanced Product Quality Planning, See
automotive, Advanced Product Quality
Planning

ANSI/ ASQ Z 1.4, See acceptable quality limit,
ANSI/ASQZ1.4

AS9100, See aerospace, AS9100

AS9102B, See first article inspection, AS9102B

ASTM F963, See industry examples, child (toys),
ASTM F964

Bluetooth, See technology examples, Bluetooth,
certification

California Prop, 065, See environmental issues,
California Prop, 65

Commerce Control List, See export, Commerce
Control List

Current Good Manufacturing Processes, See medical,
Current Good Manufacturing Processes

EU Regulation 2017/745, 36

Export Administration Regulations, See export,
Export Administration Regulations
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Harmonized Tariff Codes, See taxes, tariffs, and
fees, Harmonized Tariff codes
IEC 60529, See durability (testing), ingress
(protection), IEC 60529
IEC 61000-4-2, See electrostatic discharge,
IEC61000-4-2
International Commercial Terms, See distribution,
International Commercial Terms
International Fiberboard Case Code, See
packaging, International Fiberboard Case
Code
International Traffic in Arms Regulations, See
export, International Traffic in Arms
Regulations
ISO 10993-10, See bio-compatibility, ISO
10993-10
ISO 13485, See medical, ISO 13485
ISO 14000, See environmental issues, ISO 14000
ISO 14971, See medical, ISO 14971
ISO 45001, See environmental issues, ISO 45001
ISO 9100, See quality, management systems,
1SO9001
ISO/CIE 11664-4-2019(E), 124
ISO/IEC 17025, 330
ISO/IEC 27001, See information security, ISO/IEC
27001
ISO/IEC 90003, See software, ISO/IEC 90003
ISO/TS 16949, See automotive, ISO/TS 16949
ISTA-2A, See packaging, ISTA-2A
Magnuson-Moss Warranty Act, See warranty,
Magnuson-Moss Warranty Act
MIL-STD 105 E, See acceptable quality limit,
MIL-STD 105 E
Production Part Approval Process, 36
RoHS, See environmental issues, Restriction of
Hazardous Substances
SA8000, See ethics, SA8000
TL9000, See industry examples, telecom, TL9000
Uniform Commercial Code, See warranty, Uniform
Commercial Code
US Munitions List, See export, US Munitions List
USDOT-UN3480, See shipping, USDOT-UN3480
Waste Electrical and Electronic Equipment, See
environmental issues, Waste Electrical and
Electronic Equipment
ZigBee, See technology examples, ZigBee
statistical process control, 306, 250, 293-295, 297,
299
stencils, See printed circuit board (assembly), stencil
storyboarding, 92-94, 394
strategic capabilities, 309, 310, 317, 330, 359, 362
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strategic manufacturing plan, 75, 337, 388
supplier capacity, See capacity, supplier
supplier management, 70-71, 217, 329-331
assessments/certifications, 329
auditing, See auditing, factory/supplier
contract terms, 70, 71, 179, 182, 186, 206, 207,
237, 311, 321, 407, 408, 409
documents, 322-329
how to talk to a supplier, 237, 261
supplier selection/base, 11, 22,47, 85, 114, 117,
212, 315, 316, 319-322, 330, 358
make vs. buy, 11, 308, 309-310, 314, 409
quotes, See quotes
supplier type
arm’s length, 310, 311
business-essential, 310, 311
contract manufacturer, See contract manufacturer
design, 48, 122, 313, 316, See also contract
manufacturer, original design manufacturer
partner, 88, 218, 109, 298
second source, 114, 123, 330, 408, 409
strategic, 88, 310, 311
tiers/size, 312-313, 314, 321, 326
transactional, 310
surface finish(es), 1006, 107, 123, 124, 125, 127,
144, 159, 161, 203, 237, 275, 279, 280, 298
aesthetics, See also aesthetics
anodizing, 126, 215, 217
deco, 91, 124, 158, 161, 231
in-mold, 241
defects, See aesthetic defects
electroplating, 72, 106, 108, 123, 126, 215, 217,
239
gloss, 91,125, 144, 159, 236, 269
painting, 106, 112, 123, 217, 231, 241
Plastics Industry Association, See standards
organization, Plastics Industry Association
soft touch, 91, 123
texture, 124, 125-126, 146, 231, 236, 269, 271,
283
surface mount technology, See electronics, surface
mount technology
swim lane, 256, 257
symptoms, See customer complaint, symptoms
system level design, 30, 31, 85, 87, 89, 90

T

Takt time, 213

taxes, tariffs, and fees, 182, 188, 356, 358
duties, 356

goods and services tax, 356

Harmonized Tariff Codes, 356
portfees, 356
tariffs, 356
uncertainty, 316, 319, 320
value added tax, 356
teardowns, See competitive analysis
technology examples
antenna, 068, 111, 123, 142, 171, 219, 253, 332
battery, 3, 10, 19, 20, 25, 27, 51, 82, 86, 88, 91,
96, 98-99, 108, 109, 110, 146, 147, 152, 153,
157, 169, 193-197, 212, 292, 301, 309, 310,
311, 319, 324, 356, 360, 365, 366, 368, 369,
371, 373
bearings, 109, 110, 122, 129, 142, 144, 161, 165,
172, 193, 194, 275, 320, 332
Bluetooth, 10, 70, 82, 156, 196, 197, 203, 310
certifications, 90, 367, 368, 373
button(s), 45, 58, 81, 83, 86, 93, 111, 191, 239,
See also quality test (plan), button
camera, 47,110, 113, 124, 157, 203, 317, See also
quality test (plan), camera
DRAM, 349
gearboxes, 105, 110, 165
hinges, 113, 158, 164, 165, 169, 196, 276
hydraulics, 130
keyboards, 158, 165, 169
LCD screen, 26, 27, 105, 110, 164, 165, 193, 203
LED, 152,308
magnets, 3060, 365, 366
motors, 22, 27,47, 58,97,99, 105, 109, 110, 169,
193, 300, 301, 310, 323
power supply, 372
read only memory, 68-69, 109, 115, 372, 373, 374
RFID, 136, 220, 371
seals, 110, 239, 300, 332
sensors, 20, 58, 96, 99, 105, 110, 130, 169, 242,
243, 308
Snapdragon, 90
speakers, 10, 89, 93, 172, 204, 244, 371
touch screens, 169
Wi-Fi, 10, 82, 113, 123, 197, 203, 292, 301, 336
ZigBee, 367
technology readiness level, See readiness,
technology readiness level
theft, 135, 136, 199, 316
third-party logistics, See distribution, third-party
logistics
3F rule, 116
tolerance, 38, 60, 103, 104, 106, 124, 126, 127, 129,
130, 2306, 237, 277, 280, 283, 285, 294, 301,
304, 305



color, See aesthetics, color matching
geometric dimensioning and tolerancing, 126
measuring, See metrology
tool(ing), 106, 215, 262, 268-286, 308
build, 65, 66, 107
capacity, See tooling
cavities, 64, 107, 108, 178, 248, 256, 270, 271,
272, 277, 280, 373, 410
cost, See cost of, tooling
definitions and terms, 269, 271
design, 64, 65, 107, 129, 283
dies, 269, 270, 272-274
draft angle, 26, 106, 2306, 248, 249, 271, 272, 283
draw line, 271
ejector pins, 64, 107, 129, 159, 237, 271, 272,
283
fixtures and jigs, 270, 275-277, 280, 281, 282
flexible, 49, 215, 216, 277, 281-282
gate, 107, 159, 191, 237, 249, 270, 271, 272, 283,
304
hard, 064, 185, 269, 277, 278-279, 280, 281, 285
jigs, See tool(ing), fixtures and jigs
lead time, See lead time, tooling
life cycle, 282-284
low-volume, 274, 277-280, 285, See tool(ing),
soft
mandrels, 270
molds, 2, 107, 236, 237, 248, 249, 255, 270, 271,
272
opening, 7,48, 107, 269, 270, 279
parting line, 64, 107, 129, 271
pattern, 255, 269, 270, 274-275, 278
plan, 51,62, 75, 284-286
polishing, 39, 107, 124, 125, 129, 144, 153, 154,
269, 271, 279, 283, See also surface finish
qualification, 283, 284
readiness, See readiness, tooling
re-cut, See tool(ing), opening
risers, 191, 249, 271, 272
runners, 271
soft, 38, 39, 206, 277-280, 281, 285
sprue, 107, 241, 271, 272, 283, 333
steel-safe, 39, 107, 108, 191, 241, 270, 272, 283
stencil, See printed circuit board (assembly),
stencil
strategy, 269, 277-282
types, 270-277
undercuts, 64, 235, 248, 270, 271, 283
tote, See material, handling
traceability, 115, 333, 347, 358, 371, 374, 375
tradeshows, 94, 188
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traveler, 266, 333
type I/II errors, 290

U

ultraviolet damage, See durability (testing),
ultraviolet exposure

unboxing, See packaging, unboxing

use scenarios, 12, 85, 88, 95, 161, 167

user interface, 19, 21, 37, 58, 82, 143, 145, 147, 316

user testing, See quality test (plan), user testing

utilization, 185, 213, 229

\'}
validation, 38, 86, 139, 146-147, 150, 174, See
quality test (plan), user
vs. verification, 145, 288
validity, See metrology, validity
value stream mapping, 256, 257
vampire devices, See electronics, vampire devices
venture capital, See fundraising
verification testing, 37, 38-39, 40, 41, 50, 51, 65,
67, 83, 140, 145, 147, 152, 154-155, 194, 277
design verification testing, 64, 65, 66, 255, 277,
370
engineering verification testing, 34, 37, 48, 58,
65, 66, 111, 146, 277, 278
production verification testing, 08, 157, 187, 255,
278, 345, 370
Vernier calipers, See metrology, calipers
vertical integration, 312, See also contract
manufacturer
vibration, See durability (testing), vibration
vignettes
Are you ready for production, 26
De-risking during pilots, 34
Don’t assume you can source exactly what you
want, 113
How to stay on schedule, 70-71
How to talk with a supplier, 237
The importance of terminology in cost
modelling, 184-185
Listen to your factory, 261
What happens when you build something that
lasts?, 390-391
Working with a contract manufacturer, 312-313
virtual reality, 238
voice of the customer, See customer, voice of

w
wall thickness, 231, 235, 236, 249
wall-wart, See accessories
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warranty, 7, 85, 88, 374, 383-385, See also

customer service and customer complaint

as-is, 384

claim, 384, 387, 388, 392-393, 397, See also
customer complaint

costs, See cost of, warranty

data, See customer complaint data

entitlement creep, 395

expected life, 384, 385, 380, See also warranty,
period

express, 383, 384

extended, 242, 383, 384

as implemented, 384

implied, 383-384

Magnuson-Moss Warranty Act, 383

period, 166, 242, 383, 384, See also warranty,
expected life

reports, See customer complaint data

reserve, 202, 398, 401

return rate, 167, 397, 398, 399, 400

Uniform Commercial Code, 383
water resistance, See durability (testing), ingress
(protection)
Weibull distribution, See reliability (testing), Weibull
distribution
welding, See fastening methods, welding
wholly foreign-owned enterprise, 315
work in progress, See inventory, work in progress
workers, See labor force
works-like prototype, See prototype, works-like/
looks-like
workstation, 215, 219, 222, 225, 260, 266, 296, 305,
332, 343
work allocation, 222, 253, 258-259, 260

Y
yield (rate), 3,43, 45, 52, 190, 192, 199, 202, 213,
241, 261, 292, 296, 405

4
zoning, 310





















