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abrasion, control of 336
abstraction process 58,161, 162
active redundancy = 252

adaptive designs 171,178
adaptronics 458
aesthetics
aims  348-350
guidelines  351-354

visual information ~ 350-351

ammonia synthesis process, division of tasks
example 284

analogies, study of 82
analysis process 58,125

weak spot identification 58
AND-functions 37
animal feed packing, problem formulation 162
assembly processes

design for 268, 375

operations 375

backward steps approach 60
balance of forces 278
balanced forces principle
bearings
deformation 275
design arrangements 235
hydrostatic, axial 296
lubrication monitoring 38
oil pressure switches 304
recycling of plain pedestal  396-399
system modular approach 503
taper roller 302
Beelich, KH 553
bending process 368
bending stress, use in design 271
bi-stability, principles of 261, 269, 303-304
biomechanical issues 342
Biot number 482
boilers, division of tasks example 282
bolted joints
deformation 273

277-279

use of synthetic materials 326

boring, design for 366, 369
bought-out 374
brainstorming  83-85, 204

brakes, self-reinforcing 295

branches of engineering 4,5

breakdowns, costs 385

Bredtschneider-Uhde self-sealing cover 291

BSI (British Standards Institution) standards
411

building block construction method  361-362
calculi removal method 87, 88
carpet tile packing 33
cast components 363, 364
costing 540
Cauchy number 467, 482
cavitation

control of 336

cavitation number 467

CEN (Comité Européen de Normalisation)
standards 411

CENELEC (Comité Européen de Normalisation
Electrotechnique) standards 411

characteristic number, product range 474

circuit-breaker, division of tasks example 285

clarity rule  235-242
classification schemes  92-96, 182, 189
Zwicky 104, 184

client focus 66
client-problem analysis 72
clutches
balancef forces 278
logical functions 38
coefficient of linear expansion 309
various materials 310
cold extrusion 363, 367
collaboration, interdisciplinary 61
colour support, aesthetics 353
company aims 73
company competence 68
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company standards 411
comparative redundancy 252
compatibility matrix 105, 185
components 252
fastenings fail-safe behaviour 251
composite construction method 361
compressed gases, storage 338
Computer Aided Design (CAD) 7,8
effect on design 6
useof 198
computer support, effect on design 10
Computer-integrated manufacturing (CIM)
effect on design 8
concept variants  118-121
searching for 503
conceptual design phase
563
development 190, 191
fault check 522
stepsin 159
cone clutch, balance of forces 278
confrontation, problem 126

44,131, 132,159,417,

connections
elastic force 446
force 443
force field 445
form 441

friction force 444
material 440
mechanical 439
constraints, task solution
construction structure 42
continuous adjustment device 308
conversion  29-31

properties 40

conveyor system, modular 513
corrosion

abrasion 336
bimetallic 333
causes and effects 328
cavity 331

contact 333

crevice 332

deposit 333

design against damage
effects on safety 266
fatigue 334

free surface 330
graphite 337
indentation 331
intercrystalline 337
selective 336
strain-induced 335
stress 334
transition zone 333

43,165

328,337

uniform 330

cost calculations  537-539
cost estimates
relative costs  539-543

using regression analysis 538, 545-547
using share of material costs 544

using similarity relations 539, 547
cost functions 546
cost structures  558-560
cost-benefit analysis 110,113

costs
bought-out parts 540
casting 540
definitions 30, 31, 535-537
reduction objectives 363
safety failure 268

coupling system 27,28
covers
safety 263

sealing 328
crane drive assemblies, deformation 276
creativity 49, 127

tests 49
creep
design for  323-324, 326

Critical Path Analysis (CPA) 59
critical temperature

creep 323,324

material 323,324

materials 321

cut-out components, design for 367, 371
data collection 52

decimal-geometric series 469

decision making process 127,128

decision making processes 49
definitive layout 227
deformation

design for 308

matched 272-277,279

plastic 266, 299, 321
deformation, design for 270
degrees of freedom 311

applications  311-315
Delphi method (solution finding) 87
design catalogues 98,99, 103
design factors 12
design form

adaptive 4

direct 6

indirect 6

principle 4

variant 4
design methods 18
design process 1,2



methodology 9, 10
designer

definition 1

educational requirements 8

role in company 6

tasks and activities 2-6
detail design phase  132-134
detail design phase, testrig 436
development prototypes 4
dezincification 337

differential construction method  356-359
DIN
safety 248
DIN (Deutsche Institut fiir Normung) standards
411

DIN 31001, protective function materials 263
DIN EN
safety 248
direct costs 535
direct/short transmission path 279
direct/shortest transmission path 270
disassembling, for preprocessing 392
discursive thinking methods 48, 54, 89
study of physical processes  89-91
use of classification schemes  92-96
use of design catalogues 98,99, 103
disturbing effects 42,43
disturbing factors 521
analysis 232
identification 527
rectification 527
division of labour 61
documentation, production 375
dominance matrix 121
drawing process 365
drive shaft, cost estimates 550
drop forging 363, 366
durability, design for 308
dynamic similarity =~ 467

ease of assembly principles
guidelines 377, 378, 380, 383, 384
interfaces 377,383
layout designs 377
types of assembly  375-377
economic rating 119, 195, 416
effects, types 42,43
elastic coupling 299
fail-safe behaviour 251
elastic deformation 266
electric motors
size range requirements 483
size ranges 490, 491
embodiment design phase
235-242, 563

44,132,198,

Index 611

basic rules  234-235
checklist  233-234
clarity rule  235-242
division of tasks principle
evaluating  416-417
fault-free principle  305-308, 525
guidelines  308-309, 354
principles  268-269
process steps  227-232
simplicity rule =~ 242-247
worked example 417
enclosure safety 263
energy conversion  29-31
subfunctions 179
enrgy storage, system stability 269
environmental safety 249
epistemic structure (thought process) 46
equilibrium state 301

281-282

ergonomics
constraints  344-346
fundamentals 342-344

identifying requirements  346-347
erosion, control of 336
European (EN) standards 411
evaluating procedure 109, 110
identifying criteria 110, 111
solution variants  109-113, 115,116, 118-121
weighting criteria 112,113
evaluation procedure 127
assessment of standards 413

comparison 123,124
estimating uncertainties 121, 122
identifying criteria 192,417

weak spots 123

weighting criteria 194
evolutionary developments 189
existing technical systems

study of 81,178
expansion

design for 308

design for  309-310

of components  310-315

relative  315-321
experimental studies 82
expert systems 8
exponential equations, use in size ranging 484

factorisation process 61

fail-safe principle 250

Failure Mode and Effect Analysis (FMEA)

529-531

fault-free design

fault-tree analysis

faults 521
analysis 232

305-308
522-529
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identification 529
feedback effects 42,43
fences

safety 263
Finite Element (FE) methods 290
fits and tolerances 477
fixed costs 535
flanged connection

relative expansion 316
flanged connections

bolts fail-safe behaviour 251
flat belts construction, division of tasks 286
flowlines of force 269, 279
force transmission

principles 269
force transmission principles 269
forces

associated 277

functionally determined 277
form design 13

for joining  368-370

for separation  366-367

of components 362

primary shaping process 363

secondary shaping process  363-365

Selection and unity  351-353
forward steps approach 60
Fourier number 482
friction drives

continuously adjustable 293

geometrical scaling 470
frictional thread locking device 90
fuel gauge

problem formulation  166-169
function

definitions  31-33

overall 169,170
function carriers 230, 231

auxiliary  429-436

worked example  419-429
function chain 34
function modules 496, 500
function structure 31
function structures 33

practical use  178-181
functional embodiment 350

gas-washing plant, lye pipework 337
gear coupling
size ranges 477
gear pumps, size ranges 488, 489
gearboxes
division of tasks 282,288
example of modular systems 510
fault-free design 307

modular systems 510
multiple 288
size range 479, 480
generators
expansion balancing 317
magnet wheel composite construction 361
rotor differential construction 356
rotor integral construction 359
geometric similarity = 466
size ranges  476-481
glued connections, deformation 273
goals, effect on design 5
graphics support 354
grinding, design for 366, 370
guidelines, task solution 44

hammer forging 363
Hansen, F 13,14
helical gears, balance of forces 278
helicopter rotor head
division of tasks 286
safe-life principle 253
heuristic structure (thought process) 46, 48,
50,51
historical developments  10-14
holistic approach, problem solving 59
Hubka, V27,40
human needs
active involvement 345
biomechanical issues 342
passive involvement 346
physiological issues 342
psychological issues 344
hydraulic protection system 257

IEC (International Electrotechnical Commission)
standards 411

“if-then” subfunction relationships 35

IImenau School 13

in-house parts 375

indirect costs 535

industrial safety = 266-268

information
presentation 350, 351
processing,conversion  51-53
processing/conversion 126
specification 131

input effects 42

inspection measures, reduction of 387

integral construction method ~ 359-360

intelligence 49

intelligence tests 49

international standards 411

intuitive thinking 9,47, 53, 82
brainstorming  83-85



combination of methods 88, 89
Delphi method 87

gallery method 86

method 635 85, 86

synectics 87,88

ISO (International Organisation for Standardisa-

tion) standards 411
iteration process 53,126
loop 126

joining procedures, form design  368-370

Kesselring, F 12

knowledge-based systems  see expert systems

lathe, size range requirements 483
layout design 132,237, 356
building block construction method
361-362
composite construction method 361

differential construction method 356-359

ease of assembly 378
ease of assembly principles 377

integral construction method  359-360

Leyer, A 13

life cycle, product 2, 3, 65, 68
lightweight structures 80
links, logical 37

literature search 78

logical functions 37,38

Miiller,] 14
machining, design for 366
main flow determination 171,179
maintenance

design for  385-388

safety precautions 268
manufacturing cost 535
marketing and product planning 66
material conversion, subfunctions 179
mathematical methods, use of 106
Matousek, R 13
mechatronics 8, 448
membrane seals, design clarity 240
memory capacity 46
method 635 (solution finding) 85
microfiche reader 308
milling, design for 366, 370
minimum losses, principle of 269
minimum risk design 404
mixing tap, design simplicity 245
model

tests 82
model, development 133
models

Index

advantages 508-510

conveyor system 513

developing  499-500

dimensioned layouts 505

function structures  500-503

gearboxes example 510

limitations  508-510

modular products 465, 495-496

principles and variants  503-508

production documents 508

sectional division 498

systems  496-499

tram system example 510-512
morphological matrix 104, 184
motor housing

integral construction 360

semi-finished materials selection 373

multifunctional materials 458
multiple gears, division of tasks 289

national standards 411

natural forms, study of 79
need-strength matrix 72
negation process 59

new materials, effect on design 8
Niemann, G 12

NOT-functions 37

novelty, effect on design 4

object parameters,cost-benefit analysis
objective, task solution 43
objectives tree 112

oil pressure switches 304
operation element  553-558
operational safety 248, 268
operator safety 249
OR-functions 37
organisational structures 3,4
original designs 171,178
overspeeding control 260

Pacyna regression equation 546
passive redundancy 252
physical effects 38, 39
physical processes 38
study of 89-91
physiological issues 342
pipeline, sprung elastic supports 486
pistons
relative expansion 316
stable behaviour 301
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113

planning and design process 128,129, 131

flowchart 130
task clarification 131
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plastic deformation, as safety property 266,

299
platform construction 515
potato harvesting machine
function structure 185
preferred number series  469-472
preliminary layouts 230
preloaded taper joint, design clarity
preloading system 324
preprocessing
embodiment guidelines
for recycling  389-392
pressure index 467
pressure safety valve 522
pressure vessels
cost estimates 547
regression analysis 547
safety system 259
primary shaping process, form design
principle redundancy 252
principle solution 131, 198, 208
evaluation of variants ~ 192-198
firming up variants 190, 191
searching for 503
problem solving process
abstraction 58
analysis 58
decision making behaviour
definition 126
identification/formulation
information conversion  51-53
intelligence and creativity 49
psychology 45,46
synthesis 59
thought structure ~ 46-48
procedural plans 125,126
Process Steps (PS) 362
product architecture 514
product liability legislation 6
product life cycle 64
product planning 63, 64, 131
in practice 76,77
finding ideas 74,75
marketing 66
situation analysis
stimuli 66, 68
product proposal 75
product recycling 388
product-market matrix 68
production design  355-356
use of standards 413
production documentation 375
modular products 508
production modules 496
production waste recycling 388

393-396

125-128

49-51

68-71

162-164

237

363

prognostic uncertainty 122
protective equipment/devices 254
barriers 254,263
protective system
self-monitoring  257-258
protective systems 249
basic requirements 255
safety relaxations 262
start-up checks 262
testability ~ 261-262
warning 256
prototypes, development 133
psychological issues 344
pump housing adapter, design clarity

qualitative definitions 30
quality control 267

improvement objectives 363
quality engineering 519, 520
Quality Function Deployment (QFD)
quantitative definitions 30
questioning approach 59
quick-action shut-off system 260

R 10 series (prefered numbers) 469
reciprocating masses, balance of forces
reconditioning, for recycling 392, 396
recycling
aims  388-389
design for 242, 393-396
evaluating of potential 402
plain pedestal bearings  396-399
processes  389-393
white goods  399-400
redundancy principle 251
safety systems ~ 258-261
regression analysis 538, 545-547
relative expansion
steady-state  316-317
unsteady state  317-321
relaxation, design for ~ 324-326
reliability 248
reliably, system 255
repairs
costs 385
safety during 268
requirements list
analyzing 164
checklist 149
formulation 131
fuel gauge example  166-168
mechanical system example 199
practical difficulties 157
resonance, avoidance 266, 308
Reynolds number 483

240

520, 531

279

146-158, 178,192, 228



Ringfeder connector, division of tasks 285
risk limit 248

risk minimisation, design for
Rodenacker, WG 14
rolling element bearings, division of tasks 285

402-409

safe-life principle 249
safety blow-off valve 522
safety factors 265
safety fence 255
safety methods
design criteria  263-266
direct 247,249-253
indirect 254-263
industrial aspects  266-268
requirements relaxation 262
safety rule, embodiment design
safety standards 413
sandwich construction 80
schedule requirements, safety aspect 268
seals
fault-free design 525
selection 266
self-reinforcing 296
spindle 320
seals, design simplicty 246
search strategies 71-73
secondary shaping process, form design
363-365
selection procedure 106, 107, 109
selective redundancy 252
self-help principle  290-293
gain 291
self-balancing 297
self-damaging 291
self-protecting  298-301
self-reinforcing  293-296

247-268

self-monitoring, protective system  257-258
semi-finished materials
costing 540
selection  371-374
semi-similar size ranges 481
separation procedure, form design  366-367

sequential designs 465

shaft-hub connection, design clarity 238

shafts, minimum risk design 406

shredding, plastic 392

side-effects, undesired 42, 43

signal conversion subfunctions

signal flows 179

similarity laws ~ 466-469
constant stress ~ 467-469
influence of gravity 481
influence of thermal processes 482
physical relationships 482

29-31,179

Index

simplicity rule, embodiment design
simultaneous engineering 8
sintered components 363, 365
situation analysis  68-71
size ranges 465
development 484
electric motors example 490
gear pump example 488
geometric similarity ~ 476-481
overriding similarity laws ~ 481-483
production requirements 484
selection of step sizes  473-476
semi-similar items 481
task requirements 483
use of exponential equations 484
soldered connections, deformation 273
solution finding methods 63,77
combining  103-106
conventional 78,79, 81, 82
discursive  90-96, 98, 99, 103
discursive methods 89
intuitive ~ 82-89
solution variants
118-124, 131
Sommerfeld number
specification
of information 131
oflayout 132
of principle 131, 132
of production 132
speed control 260
spindle seals 320
spongiosis (graphite corrosion) 337
springs
for pipeline supports 486
self-protecting 298
stability
machinery operation 266
principle of 269, 301-303, 308
standard parts 374
standardisation, objectives 410
standards
company 411
developing 414
evaluation 416
information sources 412
types 410
using  413-414
static similarity =~ 467
steam valves, minimum risk design 405
step sizes, product range  473-476
stored energy principle, protective system
260
strategic opportunities 71
strength (s-)diagram 119

467,482
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242-247

106, 107, 109-113, 115, 116,

257,
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strength diagram 195
structure analysis 58
stuffing box, minimum risk design 404
subfunctions 31, 38,170
assignment  281-282
classification 103, 104
relationships 35
symbols 31
working principles 182
superheated steam pipes, division of tasks 283,
287
symbols 31
symmetrical layouts 278
symmetrical layouts, balance of force 279
synectics 87,88
synthesis process 59, 125
system restarts, prevention 261
systematic design 2
authors aim  563-567
authors’ aims 19,24, 25
design methodology 18, 19
doubting process 59

historical development  10-14
need for 9,10
practical experience  567-569

problem solving psychology 45

systems theory 14,15

value analysis 15,18

variation process 61

VDI Guidelines 18

working methodology 53
systems theory 14, 15

interrelationship 42,43

tamper resistance 256
target costing 560

tasks 43
assignment of subfunctions  281-282
clarification 131, 145
division for distinct functions  282-286

division for identical functions = 287-290
division principle 282
origin 2
solution  43-45
teamaker,systematic variation 349
technical artefacts 27,42
representation of 15
technical rating 119, 416
technological developments, effect on design 8
tensile testing machine 175
test rig
classification scheme 182
detail design 436
embodiment design (worked example) 418
testability, protective systems ~ 261-262

thermal expansion 266
thinking process — 46-48
discursive 48,53
intuitive 47,53
threaded fastener, locking properties 91
time constant, thermal expansion 318
time-dependent behaviour 321
tooling, design for 367
torque equations 90
torque-limiter, size range 480
torsion shaft 282
torsion stress, use in design 271
Total Quality Control (TQC) 519
Total Quality Management (TQM) 519
TOTE model (thought process) 48
toughness, as safety property 265
tram
modular system
transfer link 307
transport processes 268
Tschochner, H 12
turbines
balance of forces 278
creep control 326
housing/casings 283
housings/casings 320
modular approach 498
shrink-fitted rings 296
size range requirements 486
speed control 260
turbo-machines
self-balancing 297
thermo-stable behaviour 302
turning, design for 366, 369

510-512

uniform strength, principle of 269, 279
used material recycling 389

V-belt construction, division of tasks 287

value analysis 15, 18, 33, 59
valves
function structure 177
gate 240

safety and alarm 303
safety blow-off 522
self monitoring safety action =~ 257
variant design 4
variants
evaluation 132
VDI 18,19,110,111, 113, 123, 128, 208, 346,
348, 540, 546
rating scale 195
VDI Guideline 18,19
velcro fastening 79
ventilation system, minimum risk design 409



viscoelastic behaviour 323
viscometer design 89

volume-surface area relationship

Wichtler, R 14
warning, safety = 256
weak spot analysis 58
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