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Introduction

QUANTERION SOLUTIONS principals Preston MacDiarmid and Seymour Morris have been
the leaders, and the primary authors, of the very popular “Toolkit” series of publications (more than

20,000 copies distributed). The following may clarify the somewhat confusing history of the series:

= RADC Reliability Engineer’s Toolkit - the first version (gray) developed by
Rome Air Development Center (later renamed Rome Laboratory) was released %

in 1988 and was distributed primarily by RADC for free. MacDiarmid and Morris EagiAne
were both RADC staff members at the time. ENGuE
= Rome Laboratory Reliability Engineer’s Toolkit - the second -
version (blue) was released by Rome Laboratory in 1993, but T —
Fome Lsboratory was distributed by the Reliability Analysis Center (RAC). Morris was still at
Py RL and MacDiarmid had moved to industry and had become
s Director of the RAC. ol

Commercial
= Reliability Toolkit: Commercial Practices Edition - The third JiEEIAES
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book (red/blue) in the series was developed jointly by Rome
Laboratory and the RAC, with Morris at RL and MacDiarmid at the RAC. It
represented a significant expansion of the content, particularly striving to address
commercial practices, and the impact on military reliability and maintainability as a
result of Defense Acquisition Reform.

= |ndex to Reliability Toolkit: Commercial Practices Edition - This FREE reference that
you're reading was developed by Quanterion to overcome a shortcoming in the third
generation Toolkit. We hope that you will find it to be a valuable tool in more quickly accessing
the Toolkit information that you need.

= Q-Tools PRO - Quanterion’s Q-Tools PRO represents the next logical step in the toolkit
series dedicated to providing practical RMQ knowledge. It provides automated versions of
many widely used procedures and methodologies in RMQ from the hardcopy Toolkit series as
well as other sources. Like the earlier toolkits, it is intended to be used as a daily reference, but
now on your computer desktop instead of on your bookshelf. Check it out at quanterion.com.

QUANTERION SOLUTIONS offers reliability and maintainability engineering consulting services, including
training and software development, to government and industry. Founders Preston MacDiarmid, Seymour
Morris and David Mahar started the company with a goal of providing high quality QUANTiItative engineering
services to be used as critERION for critical decision making, hence the name QUANTERION. All principals
have had significant roles in the RMQ fields at the Department of Defense Reliability Analysis Center
(RAC) and at the US Air Force's Rome Laboratory. MacDiarmid served as Director of the RAC for 10 years
after a 17-year career at Rome Laboratory leading the DoD’s largest R&D program in system reliability.
Morris had DoD responsibility for reliability analysis methodology, including responsibility for MIL-HDBK-217
“Reliability Prediction of Electronic Equipment” for 10 years. Mahar had responsibility for all RAC
software and databases, such as the Automated Data Book CD-ROM incorporating RAC's widely used
Nonelectronic Parts Reliability Data (NPRD), Failure Mode/Mechanism Distribution Data (FMD-97) and
Electronic Parts Reliability Data (EPRD). He also developed RAC's recently released reliability analysis
software tool, PRISM.
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Academic Programs
Accelerated Test
Accelerometer
Access

Accessibility
Accreditation
Acquisition

Acquisition Cost
Acquisition Reform
Activation Energy
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Active Redundancy
Active State
Actuator
Adjustment
Administering Warranties
Advisory Group
Aging

Air Cooled

Air Impingement
Airflow

Alarm

Alarm Rate
Alert
Algorithm
Aliasing
Allocate

Allocation

475

263

383, 404

145, 148, 269, 363

145, 235

342

14, 16, 18, 25, 47, 50, 67,

98, 101, 220, 319, 404
146, 151, 175

376

79

143, 211, 216, 316, 320
239, 241

240

239, 241

56, 98, 150, 228, 231,
256, 273, 302, 404, 429,
465

56

88, 319

175, 177, 243, 258

259

47,103, 228, 264, 266,
359, 423, 425

61, 66, 75, 103, 127, 153,
156, 228, 264, 275, 360,

Analysis (continued)
Sneak
Sneak Circuit
Technique

Testability
Thermal

Tolerance

Tools

Type

Weibull

Worst Case Circuit

Analysis (WCCA)
Anechoic Chamber
Annual Quality Congress
Annual R&M Symposium
Anomalies
Antenna
Application Guide FTA
Application Programs
Applied Loads
Applied Stress
Approved Vendor
Approximations,

Redundancy
Architecture
Array
Arrester
Arrhenius
Arrival Times
Assembly Processes
Assessment

222, 466, 469

66, 151, 218, 222, 467
153, 177, 200, 211, 228
230, 308

230, 235, 381

9, 103, 151, 238, 331,
465, 481

347

81, 381

153, 154, 155, 228
169, 231

471

281

477

4, 24,292
144, 146
98, 101, 282, 302, 404
470

57, 389
225

163

81

161

224, 363, 467
54, 107, 465
404

265, 266, 267

211, 215, 236, 284, 293,

362 309, 315, 331, 334, 424,
Allowable Failures 253 _ 425
Alternate Paths 197 Assignable Causes 292
Altimeters 339 Assignable Failure 313

Altitude 404, 463 Assurance
Alumina Beryllium 258 Organizations 469
Aluminum Epoxy 110 Procedures 90
Ambient 103, 241, 243, 244, 245, Software 444
362 Techniques 63
Ambiguity 56, 112, 273 Atmosphere 3 182
Ambiguity Group 112 Atmospheric Conditions 347
Amplifier 58, 113, 135, 215 Attenuator 101
Analog 83, 86, 90, 215, 470 Attribute 63, 145, 189, 235, 297,
Analog Testing Handbook 83, 86, 470 _ 468
Analysis Audit 63, 75, 80, 127, 342, 344,
Checklist 19, 20, 151, 199, 235 371
Circuit 66, 151, 211, 213, 218, Augat 107
222, 467, 471 Auger _ 310
Criticality 9, 21, 66, 151, 179, 198, Automated Design Tools 327, 379
203, 451, 457, 470 Automobile 3,6, 14, 47, 95, 243, 315
Durability 151, 223 Availability 11, 13, 374
Electromagnetic (EM) 243, 245 Average 35, 43
Electromagnetic Average Defects 299
Compatibility 283 Average Failure Rate 189
Failure 253, 308, 310, 311, 331, Average Stress 393
438 Avionics, Modular 463

Failure Mode, Effects,

and Criticality Analysis Backplane 383, 387
(FMECA) 470 Backup 55, 209
Finite Element 151, 226, 236, 237, 466 Baldrige Quality Award 305, 307, 329
Interference 181 Baseline 63, 80, 279, 317
Maintainability 228 Baselined System 80
Methods 215, 308, 436, 458 Basic Event 206
Monte Carlo 214 Basic Principles 33
Object-Oriented 129 Bathtub Curve 33, 38
Parts Count 393 Battery, Batteries 98, 99, 143, 149, 319,
Purpose 153 404
Reliability 153 Bearing 97, 99, 100, 102, 149,
Report 284, 290, 310 319, 404
Requirement 103 Bellcore 50, 163, 363, 405, 482
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Belt 99, 149, 404 Chamber, Anechoic 281
Benchmark 6, 43, 305, 307, 323, 329, Chamber, Mode-Stirred 282
332, 470 Characteristic Life 40, 171, 180, 189, 190
Beta 201 Characteristics, Operating 75
Bias 20, 211, 212, 429 Chargeable 292
Bimodal 115 Charter 303, 336
Binomial 409, 416, 419 Checklist 16, 19, 91, 110, 123, 148,
Bit Error 117 197, 199, 235, 255, 256,
Blade 99, 105 338
Blower 99, 404 Checkout 20, 124, 352
Board, Multilayer 193 Chip Carrier 109, 193, 236
Boiler 54, 404 Chronic Failures 311
Boilerplate 61 Circuit
Bolt 404 Analysis 66, 151, 211, 213, 218,
Bond 107, 144, 257, 397 222, 467, 471
Bonding Strength 257, 259, 261 Board 237, 403, 469
Boundary Conditions 119, 237 Breaker 221, 404
Boundary Scan 133 Card 58, 104
Box-Burman 257 Circulators 135
Brainstorming 257 Clamp 404
Brake 99, 201, 202, 208, 404 Classification 201, 255, 284, 292,
Breaker 95, 99, 221, 403, 404 Classification, Failure 284, 451
Brinnelling 136 Cleanroom 128, 129, 130
British Telecom 167, 363 Climatic Region 30
Brittle 136 Closed-Loop 285, 308, 347
Brush 102, 105, 319, 404 Clues 169, 219
Buckling 136 Clutch 99, 404
Bug 128, 195 Coating 93
Built-In Self Test 133 Coax 142
Built-In-Test 132, 465, 468 Code Errors 117
Built-In-Test Equipment 372 Coil 99, 144, 403
Bulk Material Properties 224 Coldplate 379, 380
Bulletin Board 80, 439 Coldwall 104, 239
Burn-In 174, 363, 397 Commercial Marketplace 67, 367
Bus 54, 132, 135 Commercial-Off-The-Shelf 245, 469
Bushing 99, 404 Comparator 116
Business Process Complexity 62, 91, 115, 149, 163,
Reengineering 470 219, 243, 247, 325, 345,
Buzzer 404 347, 390, 423
Bytes 118 Compliance 10, 281, 342, 361, 381,
423, 456
CAD 327 Component
CALS 328 Aging 211
CD-ROM 54, 156 Critical 230
CDF 172, 180 Data 213
CMM 125, 131 Derating 97, 465
CNET 167 Drift 211
COTS 68, 70 Electronic 189, 194, 223, 457, 460,
CPU 156, 195, 215, 387 _ 466
Cable 93, 99, 135, 143, 281, Failures 209
283, 404 Faults 209
Calibration 146, 254, 282 Level 164, 347
Capability Maturity Model 125, 131 Life 224
Capability, Process 306 Parameter 211
Capacitance 99, 110, 212, 216 Passive 108
Capacitive Load 96, 97 Quality 74,211,303
Capacitor 87, 95, 98, 99, 110, 135, Selection 59
143, 177, 212, 216, 268, Stresses 164
319, 470 Testing 87
Card Mounted 241 Variability 154, 163, 211
Carnegie Mellon 125, 131 Compressor _ 54,404
Case-To-Mounting Surface 239 Computer S!mulat|on§ 301, 345
Catastrophic 21,199, 201, 204, 311, Computer-Aided Design 465, 467
312 Computer-Aided System
Cathode 465 Engineering 128
Causes 93, 123, 134, 136, 142, Computer-Aided Testability 469
205, 209, 219, 249, 284, Concept Phase 60
292. 306. 309. 313. 316 Concurrent Engineering 323, 470
' 317, 319, 326, 337 Condition Monitoring 279, 465, 469
Cause, Failure 209, 284, 293, 313 Conductive Cooling 103, 111, 380
Central Limit Theorem 269 Conference 109, 322, 477
Central Tendencies 339
Certification 63, 64, 89, 342
Certification, Vendor 89
guanterion.com 4
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Confidence Critical
Bounds 471 Failure 154
Interval 409, 412 Function 128, 154, 213, 388
Level 412, 425 Items 62, 66, 123, 362
Limits 459 Iltems Checklist 148
Configuration Management 70 Mission(s) 157, 247
Configuration, Series 357 Parts 148, 199
Connection 100, 105, 144, 189, 221, Paths 226
358, 363, 403 Criticality 9, 21, 61, 66, 98, 151,
Connector 95, 101, 105, 112, 132, 154, 156, 179, 198, 200,
135, 149, 177, 221, 319, 201, 245, 451, 457, 470
403 Criticality Analysis 9, 21, 66, 151, 179, 198,
Pins 112, 113, 135, 388 203, 451, 457, 470
Shells 385 Criticality Number(s) 201
Conservative Design 95, 115 Crosby, Philip 307
Consignment Spares 374 CrossTalk Newsletter 131
Constant Failure Rate 459 Cumulative Distribution
Constants 300 Function 173, 180
Consumer 16, 23, 26, 35, 47, 270, Cumulative Failure Percent 266
273, 276, 368, 371, 456 Customer
Products 47, 368 Needs 5
Warranty 369 Perceptions 1
Contact Failure 100, 101 R&M Requirements 45
Contacts 94, 221, 319 Satisfaction 342
Contamination 110, 144, 309 Cut-Sets 210
Continual Improvement 333 Cycling 94, 105, 150, 189, 224,
Continuity Tests 302 236, 277, 279, 309, 381,
Continuous Improvement 82, 125, 301, 311 466
Continuous Monitoring 81 Effects 466
Continuous Process Fatigue 189
Improvement 62, 284 Rate 190, 236
Contracts 58, 61, 175 Temperature 279
Contractual Requirements 25 Thermal 189, 277, 309
Control
Charts 298, 299, 340 DESC 80, 396, 439
Limit 298, 341 DESC Drawing 80, 396
Process 295, 458 Damage 21, 93, 110, 200, 263,
Supplier 9 266, 281, 291, 380, 383
Convection Cooling 103, 104 Data
Conversion Factors 176 Environmental 133
Coolant 103, 238 Exchange Program 437
Cooling Air 118, 240 Failure 39, 74, 76, 180, 250, 263,
Cooling Techniques 104, 149, 242 279 313. 314
Corrective Fatigue ' " 204
Action System 9, 66, 247, 284, 292 Nonhomogeneous 183
Action(s) 9, 66, 82, 137, 203, 233, Publications 435
247,277, 284, 292, 313, Source 168, 199, 214, 319, 361
, 423,424 Databases 224, 436, 437, 438, 441
Design 250, 363 Debugging 195, 220, 326
Corrosion 94, 98, 105, 110, 118, Defect 21, 61, 81, 84, 127, 163,
136, 142, 163, 174, 226, 168, 277, 295, 297, 299,
309, 319 308, 312, 316, 351
Cost 1, 3, 6, 14, 45, 49, 50, 60, Levels 81, 82
62, 67, 79, 83, 86, 88, Manufacturing 142, 163, 189, 249, 254,
115, 117, 119, 123, 127, 315, 351
129, 134, 149, 151, 154, Rate(s) 163, 295, 299
164, 170, 174, 203, 218, Reduction 312
230, 243, 261, 280, 283, Defective 21, 23, 116, 195, 297,
295, 301, 303, 305, 308, 312, 369, 389
312, 315, 317, 320, 325, Deferred Action 358
333, 367, 370, 374, 409, Deficiency 37, 56, 69, 75, 147, 181,
423, 429, 469 200, 263, 301, 310, 319,
Analysis 17, 154, 164 374, 423
-Benefit Analysis 217 Definition 35, 145, 199, 219, 254,
Estimating Relationships 18 306. 311. 315. 345. 351
Maintenance 14, 129, 315, 423 361, 369, 375, 423, 451,
-Risk Analysis 376 454, 455, 462, 463, 464,
Couplers 135, 283 465
Course 475 Degradation 25, 93, 144, 209, 254,
Cp 296 263, 309, 383, 389
Cpk 296 Delay 13, 43, 51, 116, 216, 220,
Crankshafts 319 358,
Creep 109, 136, 142 Delayed Maintenance 159, 161
Crimp 106 Delphi Approach 5
guanterion.com 5
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Demand 26, 98 Diagnostic 45, 49, 53, 55, 114, 133,
Deming Cycle 304 145, 359, 363, 372, 382,
Demonstration 66, 249, 253, 269, 273, 454, 466, 468
276, 360, 380, 381, 382, Integrated 468
385, 407, 409, 415, 423, Test 382
425, 427, 429, 452, 455, Diagnostics Encyclopedia 467
466, 481 Die Bond 163
Density Function 40, 265 Die Cracking 163
Density, Spectral 118 Diffraction Analysis 310
Department of Defense 49, 50, 86, 130, 283, 368, Digital Circuitry 220
(DoD) 376, 453, 454, 470, 475 Digital ICs 216
Dependability 455, 457, 458, 459, 460, Diode 93, 95, 99, 110, 144, 149,
461, 463 177, 216
Dependency 18, 155, 181, 195, 199 Diode Corrosion 144
Deployed 25, 334, 371 Discard 232
Deployment 3,334 Disclaimer 22,24
Derating 35, 59, 62, 66, 69, 71, 77, Discrete Semiconductor 467
88, 95, 96, 97, 103, 111, Discrimination Ratio 250, 409
124, 147, 149, 211, 214, Disk Drive 54, 158
303, 313, 331, 360, 454, Display 54,67, 100, 119
465, 468 Disposal 16
Power 103 Dissipation 95, 149, 189, 191, 193,
Requirements 88, 361 216, 238
Temperature 95 Dissipation, Power 103, 189, 191, 193, 238,
Design Checklist 77,110, 111 239
Design Distortion 136
Computer-Aided 465, 467 Distortion Fatigue 136
Criteria 63, 460, 467 Distributed Parameter 295
Defect(s) 23, 205 Distributed Systems 469
Deficiency 56, 147, 181, 319 Distribution 39, 40, 98, 137, 158, 169,
Electronic 155, 235, 377, 478 171, 173, 180, 185, 214,
Experimental 262 215, 231, 236, 260, 265,
Failure 331 269, 295, 347, 409, 414,
Flaw 218 429, 435, 437, 470
Guideline 108, 135, 227, 377, 458, Exponential 39
463 Failure 98, 158, 231, 409
Handbook 13, 43,76, 102, 117, 124, Function 40, 173, 180, 237
146, 150, 155, 197, 451 Poisson 414
Limit 124, 264, 309 Statistics 180
Margin(s) 49, 74 Summary 39, 40
Practices 88, 112, 115, 132 Weibull 40, 169, 171, 180
Review 9, 63, 66, 147, 149, 362, DoD 49, 50, 86, 130, 283, 368,
455 376, 453, 454, 470, 475
Review Checklist 149 Dormancy 77,142, 144, 467
Robust 69, 303 Dormant 144, 151, 156, 177, 467
Rules 82, 89, 219 Dormant Failure Rate 177
Serial 327 Downtime 11, 13, 35, 55, 228, 315
Statistical 303, 306 Drives 156
Test 261 Drawing, Military 80, 439
Testability 112, 132, 150 Duane Model 424
Thermal 103, 213, 379 Durability 3, 38, 151, 163, 223, 333,
Tools 327,379 383
Trade-Off 156, 347 Analysis 151, 223
Detected Fault 56, 118 Design 225, 383
Detection 35, 56, 58, 61, 117, 146, Duty Cycle 51, 97, 124, 148, 156,
220, 228, 230, 277, 363, 182, 197
381, 390, 429, 468 Dynamic Loading 236
Capability 429

Error 117, 390, 468 EIA 458
Failure 372 EMC 245, 281, 476
Fault 56, 58 EOS 24, 470
Means 56 ESD Guidelines 470
Detector 11, 93, 101, 404 ESD Symposium 24
Deterioration 94, 319 ESS 9, 62, 277, 279, 280, 360
Deterministic T 468
Equations 345 Guidelines 280
Models 164, 165 Trade-Offs 277
Physics-Of-Failure Economic Analysis 261

Models 163 Effective Mean-Time-
Development Phases 64 Between-Failure 157, 159
Effectiveness Measures 19, 306
Elastic Stress 136
Electric Motor 404
Electric Winding 100
guanterion.com 6
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Electrical Environmental (continued)
Actuators 220 Stress 30, 35, 59, 118, 168, 247,
Interconnections 309 250, 253, 277, 345, 358,
Overstress 21,24 360, 380
Stress 362 Stress Screening (ESS) 247, 277, 280, 303, 465,
Electromagnetic (EM) 466, 468
Analysis 243, 245 Test 454
Compatibility 135, 283 Epoxy, Composite 193
Compatibility Analysis 283 Epoxy, Glass 193
Design 134 Epoxy, Kevlar 193
Environment 134, 282 Equation Approximations
Fields 243 Redundancy 161
Guidelines 77,134 Equipment 6, 13, 55, 112, 132, 142,
Hardness 243, 245 198, 253, 269, 281, 291,
Interference 283 309, 372, 381
Modeling 245 Built-In-Test 372
Simulation 243 Electronic 38, 39, 91, 105, 118, 277
Simulation Model 243 Life 25,189
Susceptibility 243 Off-The-Shelf 20, 70, 461
Test 247, 281 Readiness 466
Electromechanical Error 56, 102, 117, 127, 205,
Component 189, 194, 223, 457, 460, 209, 260, 261, 291, 302,
466 339, 389, 468
Design 155, 235, 377, 478 Correcting 117
Design Guidelines 377 Density 127
Device 164, 236, 266, 281, 435, Detection 117, 390, 468
465, 469 Escapes 218
Equipment 38, 39, 91, 105, 118, 277, Estimating Relationships 18
469 Estimating Temperatures 103
Industries Association 86 Estimation Techniques 468
Packaging 91, 444 Event 183, 185, 202, 204, 205,
Parts 454 206, 207, 209, 210, 256,
Products 163, 379 304, 309, 316, 351, 429
Relays 143 Event, Random 169
Systems 134, 163, 282 Event, Undesirable 153, 204
Electrostatic Discharge 135, 143, 471 Excessive Wear 99
Emitter 93, 134 Exchange Program 437, 444
Empirical Method(s) 163 Expectation 3, 26, 47, 333, 345
Empirical Models Expected Life 88, 254
Deterministic 164 Experimental Design 262
Emulation 93, 114, 133 Exponential Distribution 39
End-Of-Life 85, 93 Exponential Failure
Endurance 383 Distributions 414
Endure 30 Extraction Mechanism 384
Engine 54,435, 443
Engine Generator 54 FEA 236. 237
Engine Shutdowns 435 FFD " 56
Engineering Fl 146
Design 16, 463, 464 FRACAS 9, 61, 150, 284, 292, 425
Guidelines 454 FTA 24, 69, 204, 205, 210,
Practices 125, 360, 361 317, 331, 470
Environment 25,79, 88, 90, 95, 110, Facility, Test 85, 253, 281
111,118, 120, 124, 134, Factorial Design 257
137, 149, 175, 176, 189, Failure 35, 38, 93
213, 224, 236, 244, 249, Analysis 253, 308, 310, 311, 331,
256, 263, 281, 351, 381, 438
383, 393, 397, 405, 409, Analysis Methodology 308
423, 424, 426, 435, 451, Analysis Process 308
471 Analysis Report 284, 290, 310
Environment, Operational 55, 213, 263, 424 Analysis Techniques 308, 310
Environmental Categorization 255
Characterization 77,118, 120, 470 Causes 209, 284, 293, 313
Conditions 1, 30, 73, 88, 118, 197, Classification ’ 284, 451
211, 214, 282, 357, 363, Clues 169
379 Critical 154
Control System 379 Data 39, 74, 76, 180, 250, 263,
Conversion Factors 176 279, 313, 314
Data 133 Data Analysis 181
Effects 136, 444 Definition 168, 199, 361
Extreme Recorder 467 Description 201
Failure 197, 209 Detection 372
Impact 317, 379 Distribution 98, 158, 231, 409
Protection 47 Documentation 308
Effect 155, 199, 201, 202, 203
guanterion.com 7
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Failure (continued)
Environmental
Field
Free Life
Free Period
Frequency
Identification
Incident
Independent
Indication
Indicator
Induced
Mechanical
Mechanism
Mode

Mode And Effects
Analysis (FMEA)

Mode Distributions

Mode Effects
Mode Probability

Mode, Effects, and

Criticality Analysis
(FMECA)

Multiple

Pattern
Permanent
Premature
Probabilities
Process

Rate

Relevant
Report
Reporting

Reporting System(s)

Review Board
Sample
Secondary
Severity
Software
Stimulate
System
Test
Times
Transient
Trend
Truncated Test
Type
Undetected
Wearout
False Alarm
False Alarm Rate
Fan
Fatigue

Brinnelling
Cavitation
Characteristics
Creep

Data

Failure

Life

Wear

197, 209

137, 279

225

40, 223, 346

163, 270, 429

232, 363

284, 292

174, 292

133

73,75, 111

13, 255, 429

136, 236

136, 143, 144, 209, 458
9, 21,77, 93, 98, 99, 116
136, 143, 150, 154, 174
179, 198, 200, 224, 228
231, 233, 264, 265, 266
315, 317, 331, 347, 363
435, 457, 458, 470

9, 69, 200, 204, 228, 317
363, 468, 481, 482

98

9,21,179

99

24,198, 201, 204, 470
481

155

292, 363

364

315

210

136, 179, 185

35, 49, 51, 85, 132, 145
158, 160, 181, 189, 193
195, 203, 223, 231, 235
292, 295, 306, 317, 345
393, 404, 414, 429, 435
292

255, 310, 313

9, 66, 247, 284, 292, 363
308, 437

66

170

198, 292

199

195, 208

358

183, 184, 204, 313

263

39, 171, 265

254

179, 186, 314

412

101, 154, 345

209

232

56, 150, 465

429

96, 404

94, 109, 136, 174, 189
224, 226, 236, 316, 319
322

136

136

224

136

224

189, 236

322

136

Fault
Coverage
Detection
Diagnosis
Event
Isolation
Log
Memory
Reporting
Resolution
Software
System
Test
Tolerance

Fault Tree
Analysis (FTA)

Construction
Symbols
Feedback

Feedback Loop
Ferrite Beads
Fiber Optic
Fiber Optic Cables
Field
Failure
Failure Data
Mean-Time-Between-
Failures (MTBF)
Support
Figures-Of-Merit
Filter

Finite Element Analysis
Finite Element Methods
Fish Bone Chart
Fixed Length Test
Fixes
Flaw
Flaw Precipitation
Flow Charts
Flow-Through Electronic
Modules
Flow-Through Modules
Forced-Air Cooled
Forced-Air Impingement
Fractional Factorial Design
Fracture Buckling
Fracture
Grinding
Wear
Free Convection Cooling
Frequency Repair
Fretting
Friction
Fulton Finding
Function
Critical
Distribution
Fuse

GIDEP
Generator

Generic Failure Rate
Government/Industry Data
Exchange Program

(GIDEP)
Government Warranty
Ground Rules

35, 56, 124, 132, 145 195
56

56, 58

452

206, 210

56, 58, 146

118, 381

114, 389

381

230

468

77,115

235

56, 74, 77, 115, 389, 467,
469

204, 206, 210, 224, 331
24,69, 204, 205, 210
317, 331, 470

204, 209

204, 206
47,69, 110, 112, 132,
284

112, 132, 284

135

93, 281

281

137
279

374

17,370

33, 41

100, 101, 135, 149, 403,
462, 465

151, 226, 236, 237, 466
226, 466, 468

337

409

61, 214, 326, 425
21,108, 154, 218, 280
280

336

279
238
239
240
257
136
136
136
136
104
275
136
208
482

128, 154, 213, 388
40, 173, 180, 237
95, 100, 221, 403, 404

444
54, 112, 236, 259, 275
388, 404

181, 393, 404

444
370
199, 235, 255, 318
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Growth 37,62, 66, 195, 249, 284, Inherent R&M 77,293
301, 358, 421, 451, 456, Initial MTBF 426
459, 466, 468 Inlet Temperature 238, 239, 241
Management 256, 423, 451 Inspection 47,105, 128, 143, 145,
Model 195 291, 302, 309, 327, 343,
Prediction 468 357, 381, 435
Process 358, 425 Instantaneous Failure Rate 35, 158
Rate 426 Instantaneous MTBF 426
Test 62, 71, 196, 247, 250, Institute of Electrical and 54, 114, 133, 167, 227,
253, 423 Electronic Engineers 245, 268, 328, 345, 348,
Guarantee 84, 368, 374 (IEEE) 435, 439, 445, 476
Gyros 404 Insulation 144, 319
Insulator 107, 143
Hamming Code 117 Integrated Circuit 86, 89, 94, 238, 257, 379,
Hard Disk 54 _ _ 454, 468
Hardened Devices 87 Integrated Diagnostics 468
Hardened, Radiation 87 Integrated Product
Hardness 89, 243, 245, 283 Development 59, 63
Electromagnetic (EM) 243, 245 Interarrival Times 183
Radiation 89 Interchange 148, 327
Hazard 21, 23, 35, 39, 145, 180, Interchangeability 48, 50
200, 204, 209, 435 Interconnect 91, 92,107
Function 39, 40 Interconnection 77,105, 213, 310, 440
Rate 180, 435 Interdependencies 156
Heat Interference Analysis 181
Exchanger 404 Interference )
Flow 380, 381 Electromagnetic (EM) 283
Pipes 380 Interference, Stress
Sink 236, 379 Strength 181
Transfer 103, 110 Intermlt?ent Failure 116, 280
Helix 102, 466 International .
Hermetic 91, 143 Electrqteqhnlcal
Hidden Hybrids 90 Com.mlssmn (IEC) 50, 458
High-Cycle Wear 136 Internatlopal .Standards
Histogram 233, 339 Qrganlzgtlon (1ISO) 50, 342
Homogeneous Poisson Ishikawa Diagrams 337
Process 179, 183, 185 Isograph 483
Human Error 105, 205, 302 Isolation
Human Factors 464 Capability 58, 363, 429
Humidity 88, 94, 118, 143, 182, Fault 56, 58, 146
211, 216, 263, 397 Test 154, 235
Humidity Levels 119 Testing 429
Hybrid 86, 100, 118, 163, 191, Isolators Shock 111
197, 227, 396, 454 Items, Critical 62, 66, 362
IEC 50, 458 JE_DEC 86, 87
IEEE 54 114. 133. 167. 227 Joints 108, 111, 149, 279, 380
245: 268 328: 345, 348: Journal IEEE Transactions 476
435, 439, 445, 476 Junction Temperature 379
IEEE Spectrum 245, 328 Just-In-Time 83
IHS 450
ISO 50, 342 Key R&M Issues 60
1ISO-9000 89, 323, 342 Keyboard 54, 100, 156
Identification, Failure 232, 363
Impedance 132, 135, 216, 282, 309 LRM 133
Impingement Cooling 240 Lamp 11, 95, 100, 403
Implied Warranty 369, 375 Landing Gear 220
Improvement Laplace Statistic 184, 186
Process 280, 303, 333, 465 Laplace Test 184, 186
Quality 304, 305, 306 Laser 93, 95
Reliability 301 Laser Diode 93
Inadequate Workmanship 291 Latent Defects 247
Indication, Failure 133 Leadless Chip Carrier 193
Indicator, Failure 73,75, 111 Level Fault Detection 58
Incentive _ 370, 424 Liability 1,10, 21, 22, 249, 301,
Incoming Parts Inspection 357 367, 371
Independent Failure 174, 292 Life
Indices 59, 269 Cycle Cost 1, 14, 16, 20, 60, 149,
Induced Failure 13, 255, 429 423, 469
Inductors 95, 135, 143, 403 Estimate 316. 320
Industrial Designed Expectancy 49
Experiments 262 Extension 317, 322, 471
Infant Mortality 38,223 Extension Assessment 315, 317, 320
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Life (continued)
Limitation
-Limited Parts
Operating
Structural
Test

Likelihood Estimators

Limit Switches

Limited Life

Limited Warranties

319

319

163, 223, 362
322

81, 164, 263, 268
185

97

123, 149, 254
22,373

Maintenance

4,13, 16, 19, 25, 36, 43,

55, 57, 59, 62, 70, 73,
110, 114, 118, 128, 132,
145, 149, 151, 159, 161,
168, 174, 179, 189, 205,
218, 223, 228, 231, 234,
253, 256, 269, 275, 308,
311, 315, 351, 357, 361,
370, 374, 381, 423, 429,
438, 455, 458, 463, 466,

Limiting Failure 468, 481
Mechanisms 82, 163, 250, 345 Concept 145, 159, 235, 357, 423,
Line Replaceable Unit 468
(LRU) 118 Costs 14, 129, 315, 423
Linear ICS 216 Downtime 228
Lists R&M Standards 450 Events 351
Lock-Up 100 Interval 159
Log-Log Paper 425 Operations 253
Logic Functions 220 Organic 70
Logistic Support 16 Periodic 159, 357
Logistics Model 347, 482 Preventive 469
Logistics Standards 470 Procedures 145
Lognormal Distribution 429 Process 62, 145
Lubricants 136, 142 Records 319
Lubrication 146, 149, 182 Requirement 19, 145, 358, 361
Schedule 231
MCMs 92 Scheduled 319
MIL-HDBK-189 256, 423, 424 Software 16
MIL-HDBK-217F 175,177, 192, 393, 470 Task 149, 231, 235, 254, 269,
MIL-HDBK-251 104, 242 270, 275
MIL-HDBK-338 470 Times 269, 275, 429
MIL-HDBK-472 229 Malcolm Baldrige 305, 307, 329
MIL-HDBK-781 256, 409, 423 Malfunctions 255, 309
MIL-M-38510 396 Management, Thermal 74
MIL-S-19500 87 Manufacturability 302
MIL-STD-471 273, 276, 429 Manufacturing
MIL-STD-883 86, 396 Defects 142, 163, 189, 249, 254,
MIL-STD-965 79, 81, 86 315, 351
MIL-STD-2165 230 Flaws 108
MMIC 89 Variability 293, 295
MTBCF 357 Marginal Checking 466
MTBF 14,17, 39, 51, 54, 116, Markov Modeling 481
157, 175, 250, 351, 357, Master-Slave 389
374. 409, 412. 414, 424 Maturity Model 125, 131
T 438 Maximum Likelihood
MTBM 51, 351 Estimators 185
MTBR " 351 Maximum-Corrective-
MTTE 159 Maintenance-Time 269, 358, 429
MTTRS 55, 358 Mean Life 412
Magnetic Circulators 135 Mean-Corrective-
Magnetic Fields 135 Maintenance-Time 358
Magnuson-Moss 368, 376 Mean-_Preventive-_
Maintainability 10, 11, 35, 42 Maintenance-Time 269
Analyses 228 Mean-Time-Between-
Analysis Checklist 235 Critical-Failure (MTBCF) 157, 357
Concepts 145 Mean-Time-Between-
Demonstrations 427 Failure (MTBF) 14, 157, 175, 357, 372
Education Sources 473 Mean-Time-Between-
Information Sources 447 Maintenance (MTBM) 51
Numerical Goals 55 Mean-Time-Between-
Priorities 66 System-Failure 371
Quantitative Mean-Time-To-Failure
Requirements 55 (MTTF) _ 159
Requirements 358 Mean-Time-To-Repair
Software Tools 479 (MTTR) 49
Test Strategies 269 Mechanical Failure 136, 236
Mechanical Reliability 136
Mechanism, Failure 136, 143, 144, 209, 458
Median Life 267
Median Rank 170
Memory 100, 112, 118, 382, 389,
468
Error 117, 468
Fault 114, 389
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Metal Oxide 110, 135 Non-Homogeneous Poisson
Meter 100, 239, 404 Process 179, 185, 187
Methodology Comparison, Non-Operating Periods 142
Prediction 164 Non-Relevant 292
Micro TSMD 118 Non-Repairable Items 16
Microcircuit 56, 80, 86 109, 143, 164, Non-Repairable Systems 157
167, 191, 236, 241, 302, Non-Standard Parts 360
310, 314, 396, 439, 454, Normally Distributed 295
470, 477 Number, Criticality 201
Characterization 310, 314, 470 Numerical Goals,
Plastic Encapsulated Maintainability 55
(PEM) 90
Quality 396 O&M 15, 18, 28
Screening 86 O-Rings 319
Microelectronic Failure Object-Oriented Analysis 129
_Analysis 310, 314 Object-Oriented
Military Programming 128
Acquisition Reform 67 Obsolescence 88, 316
Drawing 80, 439 Off-Line Spare 161
Specification 25,49, 50, 212 Off-The-Shelf Equipment 20, 70, 461
Standards 449 On-Condition Task 232
_Warranties 376 One-Shot Devices 30
Miniaturization 118 Operating Characteristics 75
Misalignments 385 Operating Life 163, 223, 362
Missile Test Effectiveness 144, 467 Operating Conditions,
Mission, Critical 157, 247 Typical 379
Mode. o Operational
Criticality Number 201 Environment 55,213, 263, 424
Distributions, Failure 98 Influences 53
Failure 9,21,77, 93, 98, 99, 116, Parameter Translation 43, 53, 351, 467
136, 143, 150, 154, 174, Profile 127, 150, 195
179, 198, 200, 224, 228, Readiness 1,25
231, 233, 264, 265, 266, Optical Couplers 135
315, 317, 331, 347, 363, Optics 93, 467
- _ 435, 457, 458, 470 Optimum Total LCC 15
Probability, Failure 99 Organic Maintenance 70
Model, Redundancy 160 Organic Support 68
Modeling, Reliability 156 Organizational-Level 468
Modeling, Software 245 Orthogonal Arrays 261
Models, Deterministic 164 Orthogonal Design 258
Modular Avionics 463 Orthogonal Matrices 258
Modular Construction 360 Oscillator 91, 101, 112
Module Overstress 21, 24, 254, 308, 309
Card-Mounted 238
Heat Sink 380
Multichip 91, 197, 227 PEM 90
PPL 81, 83, 86
Replaceable 363 . )
Packaging, Electronic 91, 444
TSMD 118
. . Parallel 41, 51, 113, 115, 135,
Moisture Corrosion 144 160. 265. 389
Monitoring, Continuous 81 ; T
o Operation 389
Monitoring, Test 320 Redundanc 115
Monte Carlo Analysis 214 ) ¥
: > arameter
Monte Carlo Simulation 179 Distribution 40
Motor 54, 100, 208, 404, 455, Staistical 214
482 o
Mounting 110, 118, 241, 254 Variation 211,215
h . Pareto Analysis 312
Multi-Layer Assemblies 383
o Pareto Chart 338
Multichip Module 91, 197, 227 . -
h Parity Bit 117
Multilayer Board 193 P
. . art
Multiple Failures 155 Critical 148. 199
Critical Paths 226
NASA Standard o7 Derating 62, 97
NHPP 187 Electronic 454
NIST 24 Non-Electronic 181, 188, 363, 405, 469,
NPRD 181, 470 470
National Quality Award 305, 307, 329 Non-Standard 360
Natural Frequency 236 Potted 310
Negative Biases 211 Preferred 79, 81
Negligence 21,24 Screening 84
Nelson, Wayne 268, 478 Selection 79, 81, 88
Neural Network 465 Spare 16
Non-Developmental Items 25, 45, 67, 90, 368 Specification 24
Non-Electronic Parts 181, 188, 363, 405, 469, Standard 97
470
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Partitioning 112, 128, 213 Process (continued)
Parts Count Analysis 393 Mean 296
Passive Components 108 Mean, Cpk 296
Passive Failure Rate 177 Poisson 185
Pattern Failure 292, 363 Reengineering 470
Pdf 215, 265 Variability 293, 328, 345
Percent Defective 312 Variation 295, 297
Percent Probability 409, 412 Product
Performance Consumer 47, 368
-Based Requirements 49 Improvement 303
Measures 19 Liability 24
Monitoring 198, 280 Life Cycle 284
Requirements 213 Review Checklist 148
Periodic Maintenance 159, 357 Review Questions 77,147
Periodic Testing 142 Warranty 368
Permanent Failures 364 Profile, Operational 127, 150, 195
Personal Computer 68, 75 Program Phase
Personal Injury 21 Terminology 60
Phase Categories 60 Program Reviews 303
Phase Terminology 45, 60 Programming Language 195
Physics-Of-Failure 163, 165, 347 Programming, Object-
Pistons 319 Oriented 128
Plackett-Burman 257 Propagation Delay 216
Plan Pulley 208
Maintainability/ Testability Pump 54,101, 319, 404
Demonstration 273, 429
Parts 79 Qualification Test 9, 66, 86, 250, 423
Program 61, 66 Qualified Manufacturers 92
RCM i 233 Quality
Reliability Demonstration 253, 409 Award 305, 307, 329
Sampling 451 Circles 304, 336
Test 268, 409, 456, 459 Congress 477
Plastic Encapsulated Control 81, 268, 292, 300, 302,
Microcircuit 90 328, 476
Poisson Distribution 414 Council 303, 336
Poisson Process 185 Defects 93
Policies, Warranty 375 Improvement 304, 305, 306
Polka-Yoke 302 Management, Total 300, 323, 333, 341, 437,
Positive Biases 212 466
Potentiometers 110, 143 Microcircuit 396
Potted Parts 310 Software 343
Power Derating 103 Supplier 342
Power Dissipation 103, 189, 191, 193, 238, Vendor 75, 83
L i 239 Quantitative
Preconditioning Period 426 Measures 11, 56
Prediction 9, 61, 65, 103, 128, 148, Requirements 269
151, 153, 156, 163, 167, Testability 56
175, 189, 192, 197, 199,
225, 227, 261, 263, 317, R&M 2000 376
331, 360, 391, 393, 405, R&M Education 475
. 451,456, 459, 467, 481 R&M Information 53, 435, 441
Data, Mechanical 182 R&M Modeli 360
Equation, DOE 261 odeling
! I R&M Parameters 45
Methodology, Reliability 164 R&M Periodicals 476
SO“W?re . 128 R&M Requirements 45, 355
Technique, Mechanical 180 R&M Software 481
Technique, Parts Count 393 R&M Standardization
Preferred Parts 79, 81
. Documents 447
Premature Failure 315 .
R&M Symposia 477
Premature Wearout 169 R&M Tasks 9
Preventive Maintenance 469 R&M Textbooks 478
Priorities, R&M 66 R&M Training 475
Propadily 40, 265 R&M URLs 444
ensity Function ,
Distribution Function 237 RAC 32; 1g‘71' 121 421129 238
Failure 210 ’ ’ ’ 476 481‘
Ratio Sequential Test RADC 179 188, 467
(PRST) 409 RAMS C 007
g:gggggre, Test 91, 142, 256, 291, 313 RCM 531
. REMIS 438
Capability 306 RGT 250 423
Control 295, 458 ’
RQT 250, 424
FMEA 200 RTOK 309
Improvement 280, 303, 333, 465
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Radiation 87, 89, 94, 103, 211, 216, Replaceable Unit 56, 118, 280
244 Requirement
Radiation Hardened 87 Development, Reliability 51
Radiation Hardness 89 Quantitative 269
Random Events 169 Reliability 357
Rank Order 170 Test 85
Readiness 1, 20, 25, 142, 269, 466 Testability 468
Readiness, System 20, 467 Trade-Offs, Testability 58
Recommended Derating 95 Resistor 87, 96, 101, 110, 143,
Redundancy 51, 115, 116, 117, 148, 149, 177, 216
149, 150, 157, 159, 160, Resonator 101
161, 162, 197, 303, 388 Retrofit 371
Active 115, 160 Return Rate 75
Equations 157, 159, 161, 197 Returns 170, 221, 301
Model 160 Reuse 130
Parallel 115 Reviewing Procedures 124
Standby 117, 160 Rework Costs 14, 295
Switching 116 Risk 10, 20, 24, 26, 35, 67, 71,
Redundant Configurations 156 74,127,129, 199, 201,
Reengineering, Process 470 204, 215, 231, 250, 260,
Reject Criteria 270 270, 273, 276, 360, 362,
Reject Decision 409 368, 371, 429
Relationship Plots 266 Risk Reduction 74,199
Relative Cost, Reliability Robust Design 69, 303
Prediction 164 Root Causes 309, 326
Relative Importance, Root Sum Squared 211
Source Selection 75 Rotary Joints 149
Relay 101, 144, 177 Rotary Wing 192
Relevant Failure 292 Ruggedized 118, 175, 282
Reliability 4,9,10, 13, 15, 35, 36
Adjustment Factors 175 Safety 1, 11, 23, 26, 47, 50, 60,
Analysis 153 88, 95, 113, 123, 128,
Characteristics 42 132, 154, 198, 200, 203,
Checklist 197 209, 211, 223, 233, 249,
Critical Items 123 253, 315, 330, 363, 470
Demonstration 407 Critical 154, 198
Design Reviews 147 Hazard 204, 209
Dormancy 142 Standards 23
Education Sources 473 Sample 170, 212, 220, 266, 269,
Evaluation Criteria 73 273, 276, 295, 339, 345
Fault Tolerance 115 , ’ , 42§ 44?;
Figures of Merit 41 Average " 299
Growth Testing 423 Means 270
Improvement 301 Measures 340
Information Sources 433 Sizes 170, 297
Mechanical 136 Standard Deviation 276
Modeling 156 Stratification 270
Physics 345 Tasks 270
Prediction 163 Test 266, 429
Prediction Methodology 164 UCL 7 298
Predictions, Dormant 177 Samples, Task 429
Predictions, Mechanical 179 Sampling Plans 451
Predictions, Parts Count 391 Sampling Procedures 454
Predictions, SMT 189 Scale Parameter 40, 180
Predictions, Software 195 Scattergram 340
Priorities 66 Scheduled Maintenance 319
Programs 61 Scheduled Replacement
Proposals 59 Interval 169
Quantitative Screening
Requirements 51 Effectiveness 85
Requirements 357 Guidelines 277, 280
Software 125 Microcircuit 86
Software Tools 479 Regimen 279
Test Strategies 249 Tests 85
Translation 353 Seals 143, 319
Reliability-Centered Secondary Failure 198, 292
Maintenance 231,234 Selection, Source 71
Removal 145, 358, 363 Selection, Vendor 92
Repair 36 Self Checking 112
Level(s) 42, 58, 481 Self Test 133
Rate 162 Semiconductor 87, 91, 135, 143, 167,
Times 275 311, 386, 390, 444, 454,
Repairable ltems 35 460, 467
Replaceable Modules 363 Semiconductor Memories 390
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Sensor 99, 118, 219, 404 Standby Units 160
Serial Design 327 Static Discharge 110
Series Statistic 184, 186
Configuration 357 Statistical
MTBF 51, 175, 176 Design 303, 306
-Parallel Relationships 156 Distribution 33, 39, 309
System 461 Methodology 257
Service Life 156, 295, 315, 319, 357 Methods, Mechanical 182
Assessment 322 Parameter 214
Extension 471 Process Control 295, 458
Serviceability 371, 463 Steady-State Hazard Rates 435
Severity Classification 127, 201 Step-Stress Test 280
Severity, Failure 199 Stimulate Failures 358
Shape Parameter 40, 180 Storage 30, 66, 73, 76, 112, 118,
Shelf Life 362 142,177, 216, 347, 357,
Sheltered Fighter 393 436
Shewhart Cycle 304 Stratification Procedure 270
Shewhart-Deming Cycle 304 Strength Distribution 181
Shielding 135, 213 Stress
Shigeo Shingo 302 Accelerated 263
Significance 260 Accelerated Testing 263
Simulate 150, 249, 281, 383 Derating 211
Simulation 60, 89, 119, 179, 214, Electrical 362
224, 236, 243, 245, 326, Environmental 30, 35, 59, 118, 168, 247,
331, 381, 456, 458, 466 250, 253, 277, 345, 358,
Algorithms 243 360, 380
Monte Carlo 179 Screening 35, 62, 247, 277, 280,
Skill Levels 55 303, 465, 466, 468
Slash Sheets 80 Strength Probability 181
Sneak Thermal 224
Analysis 222, 466, 469 Structural Life 322
Circuit 218 Structured Code 128
Circuit Analysis 66, 151, 218, 222, 467 Success Ratio 456, 459
Clues 219 Supplier
Paths 219 Certification 64
Timing 219 Control 9
Software Incentive 424
Assurance 444 Quality 342
Development 125 Support Costs 374
Engineering Institute Support, Organic 68
(SEI) 125, 131 Supportability 25, 376, 436, 466, 476,
Error 205, 303 481
Failure 195, 208 Surface Mount Technology 105, 109, 151, 189, 465,
Failure Rate 195 467
Fault 468 Surrogate Data Sources 181
Maintenance 16 Surveillance Program 319
Modeling 245 Susceptibility,
Prediction 128 Electromagnetic (EM) 243
Quality 343 Switch 87,97, 99, 101, 102, 149,
Verification 254 177, 221, 302, 319, 403
Solder 106, 380 Symposia 477
Solder Joint 108, 111, 279, 380 Symposium Proceedings 24,167, 348, 376
Solenoid 102, 201, 404 System
Sortie Generation Rate 47 Built-In Test 132
Source Selection 71 Failure 183, 184, 204, 313
Spare 43, 68, 269, 280, 371, Fault 77,115
374 Fault Tolerance 77,115
Off-Line 161 Readiness 20, 467
Parts 16 Testability 465
Specification, Military 25, 49, 50, 212 Warranties 376
Spectral Density 118
Spring 100, 262, 404, 405 Taguchi Orthogonal Arrays 261
Standard 451 Target Mean 296
Deviation 298 Task
Index 455, 463 Sample 270
Microcircuits 454 Samples 429
Military _ 449 Selection 270
Military Drawing 439 Stratification 270
Parts ) o7 Temperature Cycling 279
Parts Derating 97 Temperature Derating 95
Safety 23
Standardization 80, 90, 405, 439, 445,
447, 449, 453
Standby Redundancy 117, 160
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Test Topographical Patterns 219
-Analyze-And-Fix 247,423 Total Quality Management 300, 323, 333, 341, 437,
Built-In 132, 133, 465, 468, 372 (TQM) 466
Chamber 254, 264 Tracking, Critical Parts 148
Conditions 456, 458, 459 Transient Effects 110
Design 261 Transient Failures 254
Diagnostic 382 Tree Construction 204, 209, 210
Duty Cycle 254 Tree Symbology 204, 206, 207
Electromagnetic (EM) 247, 281 Trend Analysis 184, 233
Environmental 454 Trend, Failure 179, 186, 314
Equipment 6, 13, 55, 112, 132, 142, Troubleshooting 57, 204, 228, 255, 292

198, 253, 269, 281, 291, True Failure Rate 414
309, 372, 381 True MTBF 409, 412, 415
Facility 85, 253, 281 Truncated Test 412
Failure 263 Tuned Reverberation
Fault 235 Chambers 282
Growth 62, 71, 196, 247, 250, Type, Failure 101, 154, 345
253, 423 Typical Commercial
Hours 253, 426 Warranty 375
Isolation 154, 235, 429 Typical Curve 224
Length 253, 426 Typical ESS 277,279
Level 266 Typical MTBF Values 54
Life 81, 164, 263, 268 Typical Microelectronic
Logs 255 Devices 85
MTBF 409, 412 Typical Operating
Method 165, 263, 280, 397, 429 Conditions 379
Monitoring 320 Typical Program Phases 66
Parameters 30 Typical Questions, Source
Plans 268, 409, 456, 459 Selection 73
Procedure 91, 142, 256, 291, 313 Typical Testability Values 58
Qualification 9, 66, 86, 250, 423
Reports 253, 438 Unacceptable Rating 76
Requirements 85 Unattended Operating
Sample 266, 429 Conditions 247
Screening 85 Unbiased 218
Self 133 Undesirable Event 153, 204
Sequence 309 Undetected Failure 209
Statistic 184, 186 Uniform Commercial Code 368, 376
Strategies 247,249, 269 Uninterruptible Power
Trur_pated 412 Supply (UPS) 54
Testability 56, 58, 66, 74, 112, 132, Unit Failure 161, 197
149, 155, 230, 235, 269, Unit Failure Rate 161, 197
273, 364, 381, 427, 429, Unnecessary Removals 469
437, 452, 454, 463, 465, Upgrades 125, 315
, 471, 481 Uptime 11,13
Analysis 230, 235, 381 Useful Life 26, 38, 223, 346
Computer-Aided 469 Useful Lifetime 118
Criteria 77,112,132 Useful Operating Life 163
Decision 58, 466 Using Commercial-Off-The-
Demonstration 269, 273, 429 Shelf Equipment 245, 469
Design 112, 132, 150
Quantitative %6 Variability 62, 65, 74, 83, 89, 154,
Requirements 468 163, 174, 179, 211, 215
System 465 ’ ’ ’ ’ ’
Tost 247, 269, 429 269, 293, 295, 328, 345,
Testing, Accelerated 263 347
Testi ’ g Manufacturing 293, 295
esting, Periodic 142 Process 293 328, 345
Thermal 136 Variance 259, 261, 269
Analysis 9, 103, 151, 238, 331, o ’ ’
Variation, Process 295, 297
465, 481 Varistor 110
Cycling 189, 277, 309 Vendor
Design 103, 213, 379 e
Certification 89
Management 74 .
Quiality 75, 83
Stress 224 .

) Selection 92
Thyristor 97 Supplier Control 331
Times, Repair 275 Supplier Lontro
Timin ! Verification Methods 379

9 Verification, Software 254
Analysis 390 .
) Vertical Teamwork 333
Diagrams 132, 214 o
Vibration
Errors 220 Cvcles 236
Tolerance 211 Y
. Isolators 111
Tolerance Analysis 347
. Response 466
Tolerance Buildup 385 Voting Defective 116
Tools, Analysis 81, 381 9
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WCCA Analysis

Wafer Scale Integration
Warranted Failures
Warranted Period
Warranty

Agreement
Commercial
Consumer
Cost
Definition
Elements
Government
Handbook
Incentive
Law
Limited
Military
Period
Policies
Product
Provisions
Returns
System
Typical Commercial
Waterfall Model
Wearout

Failure
Premature
Weibull
Analysis
Characteristic Life
Distribution
Graph Paper
Handbook
Hazard Rate
Plots
Scale Parameter
Shape Parameter
Wire Wrap
Workmanship

Worst-Case Circuit Analysis

(WCCA)

X-Ray Diffraction
X-Ray Radiography

Yield

Zero Defects

215, 471

226, 466

372

375

1,22, 59,73, 75, 169,
173, 253, 295, 301, 306,
357, 367

75

369

369

170, 295, 375

375

22

370

376

373

368, 369, 370, 376
22,373

449

173, 357, 372, 375
375

368

22,59

301

376

375

125, 126

38, 93, 156, 163, 169,
172, 174, 189, 223, 231,
232, 315, 319, 345, 375
232

169

169, 231

180, 189, 190
40, 169, 171, 180
171

40, 174, 471

180

171

180

180

106

291, 293, 308, 368, 370

98

310
310

84, 89, 311

313
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