Contents

Terms and SYMDBOIS ... e XVII
T INrOdUCHION ..ot et 1
L1 PLEface ..oooeiieeeeeeeteee ettt et e rre et 1
1.2 History of Vehicle TranSmiSSIONS .........ccoevveveeciiiriniinienereececrcntnesec e e 6
1.2.1 Fundamental INNOVAIONS .......ccceiuiruirierierireenieseesiesee e ssesresneesreseneeneas 6
1.2.2 Development of Vehicles and Drive Units..........cocceveevvievensieniceneeseennen. 8
1.2.3  Stages in the Development of Vehicle Transmissions ..........c.cceccvueeneen 9
1.2.4 Development of Gear-Tooth Systems
and other Transmission COMPONENLS .........ccceeeireererveieeeenreniensreenienes 17
1.2.5 Development of Torque Converters and Clutches ...........cccecereneenee 19
1.2.6 Investigation of Phenomena: Transmission Losses and Efficiency ..... 20
1.2 7 OVEIVIEW ettt sae s sttt st s st esbe e ene 21
2 Overview of the Traffic — Vehicle — Transmission System.............c.cccccecceneennn. 23
2.1 Fundamental Principles of Traffic and Vehicle Engineering .............ccccoceneee. 23
2.1.1 The Significance of Motor Vehicles in our Mobile World .................. 24
2.1.2 Trends in Transport Engineering ..........cccoccevineoinienicincncnreceeennn 28
2.1.3 Passenger and Goods Transport SYSteMS .........cecceeveevercerrreenrerieennesveenes 30
2.1.4 Alternative TranSport CONCEPLS.......coererterieriererrcerieseeeeeeeneereseeeae 33
2.2 The Market and Development Situation for Vehicles,
Gearboxes and COMPONENLS ........coveiririeerireriiereieeeeereebe e seeesaeeeseeesneens 35
2.2.1 Market Situation and Production FIgures.........cccoverieienccenenrcenrcncnne 36
2.2.2  Development SItUAtION .......coeecevverieeeeieeneeienieeee st saeeeesee e 39
2.3 Basic Elements of Vehicle and Transmission Engineering...........ccccceeveeenenas 41
2.3.1 Systematic Classification of Vehicles and Vehicle Use.........c.ccccvvnene 41
2.3.2 Why do Vehicles Need Gearboxes? ......ccocoeveevereenerienienieeneneeneeieene 42
2.3.3 Main and Auxiliary Functions of Vehicle Transmissions,
Requirements Profile .......c.coovveoiriniciininneniececeeccnecenecnees 44
2.3.4 Interrelations: Direction of Rotation, Transmission Ratio, Torque...... 45
2.3.5 Road Profiles, Load Profiles, Typical Vehicle Use
AN DIIVET TYPES .veviineeieniieieceeii et steeit ettt see e sbe e 49
2.4 Fundamental Performance Features of Vehicle Transmissions..........c.ccceneeae 49

2.4.1 Service Life and Reliability of Transmissions ........c.ccceeeveeveereevcnnennne 50



Contents

2.4.2 Centre Distance Characteristic Value............ccccooveeeieeeeeceeeeceeeene. 51
2.4.3 Gearbox Mass Characteristic Value .........ccccoeovviecieeeniee e 52
2.4.4 Gearbox Cost Characteristic Value ..........cccceeeevivviieeieiceiiee e 53
2.4.5 TransmiSSiON NOISE ....ccceeivvieiiieriiieeeiiieieiieeeiereeteeeereseesteeeseanreeenneasns 54
2.4.6 Gearbox Losses and EffiCiency .......cocovvevevvecioniiinnneneenceienieccie e 54
2.5 Transmission Design Trends ........coocoerrriiniinienie et 56

Mediating the Power Flow

3.1 Power ReqUIrement .......ccccooiiiiiiiiiiccinecertcee ettt
3.1.1 Wheel Resistance....
3.1.2 Adhesion, Dynamic Wheel Radius and SLp .........ccccoeverieciencenennnnne. 60
3.1.3  AIr RESISIANCE....cuiiviiiiiiiiieeeeciecetece ettt 61
3.1.4  Gradient RESISIANCE .....cccoerveiriirerieiieceneeeee et 63
3.1.5 Acceleration ReSISTANCE........cocvevvereiiiicieneeiieene e 63
3.1.6  Total Driving RESISIANCE ..........ccerueeuiriiiiiriciiiicc et 64
3.1.7  EffiCIeNncy Map ....cocoiiriiriiiiiesiecteeiee ettt st st s 65
3.2 Diversity Of Prime MOVETIS .....ccooieeiiiiieeieeesieeireciesecre e ssieesiesiesasieessaeeaseeneeeas 68
3,21 OVEIVIEW ittt et sttt e 68
3.2.2  EIECHriC DIIVE....oviiiiiiiiiiciicieicciceteieesitctere e et s 69
3.2.3  Hybrid DFiVE ..coooiiiiiiciieicctieeett ettt ettt e s 70
3.3 Power Output, Combustion Engine Characteristic...........cccevverrureriereercrreeernens 71
3.3.1 Torque/Engine Speed Characteristic ......coeveevuererierierieeneniennceienennes 72
3.3.2 Engine Spread, Throttle Map..........ccocooiiiiiiiniiiiiiceceeeee 74
3.3.3  Consumption Map .......cceeeiiriinienienieienie ettt s 75
Power Conversion: Selecting the Ratios.................cc..coooiiiiinee, 77
4.1 POWET TTAIN oottt sttt ettt e e s senesae e 78
4.2  Speed Converter for Moving Off..........cccoiiviiiiiiiinc s 79
4.3 Total Ratio and Overall Gear Ratio.......ccooueveverieniiiienininicccccceccce 81
4.3.1 Overall Gear Ratio
4.3.2 Selecting the Largest Power-Train Ratio.........cccocconvenniininnciiinnnn. 83
4.3.3 Selecting the Smallest Power-Train Ratio........ccccoocevceeiiiiiceicninnnnne 84
434 Final RAO ..oooiiiiiiiiii ettt 87
4.4 Selecting the Intermediate Gears..........ceevveevmeerrvrrciiriiiiiniiiee s 87
441 Saw Profile Diagram .........c..occocciviinicrniiinieceicen s 88
4.42 Geometrical Gear SEPS .......cocvvviiviiiiniiiiiiiiic e 88
4.43  Progressive GEar SIEPS .....occovverriiiiiiiiicceniece e 89
4.5 Continuously Variable TranSmiSSiOns ........ccoccovicriiiiciiiiiniiiiiniiiene e 90
Matching Engine and TranSmission ..........c...cccccccoceniiiiiinininiincncciicieens 92
5.1 Traction DIagrami......cccccocciirieenieniinieniiiie e st sare e snr s snnesaeessae s 94

5.1.1 Deriving a Traction Diagram (Example).........ccccoecvniviiiiincnccnnnnn. 95



Contents XI
5.1.2 Engine BraKing FOIce ........cccooiiiiiiiniiiniiniieccieeie e 97
5.1.3  Geared Transmission with Dry Clutch ...........cccccocniniienninininn, 98
5.1.4 Geared Transmission with Trilok Converter...........coocevveevveciinceneenene 98
5.2 Vehicle Performance ..........cccoviiiiiierinieiiiienneene et 101
5.2.1 Maximum SPEed........ccevirieirrieniinieienintie ettt 102
5.2.2 Climbing Performance.............cccoceoiiiiiiiiiiiiiinciicceccceeceee e 103
5.2.3 Acceleration Performance ...........cocceveevenieninenciinenieneeeeceecnne e 103
5.3 Fuel CONSUMPLION. ....cocciiiiiiiieeieeiieeite ettt e st ste et e st e eteeseeeenseenneaesneeas 104
5.3.1 Calculating Fuel Consumption (Example) ......c...cocevvenievininnennnnen. 104
5.3.2 Determining Fuel Consumption by Measurement.............cccccoeeecuennne. 106
5.3.3 Reducing Fuel Consumption .........cceceecerervenenenneneenieneene s 107
5.3.4 Continuously Variable TranSmisSions .......c.cccecvvereeriseeniienieeriieeneennee 107
5.4 EMISSIONS ..eoutiiiiiiiiiireniiitiie ittt ettt sttt st sa et bn e e s 108
5.5 Dynamic Behaviour of the Power Train, Comfort .........cccooeveniiiveninnnnneen. 109
6  Vehicle Transmission Systems: Basic Design Principles ...........c.ccoccoevvrnnn 111
6.1 Arrangement of the Transmission in the Vehicle........c.ccoovvviviiiniinnnennn. 111
6.1.1  PasSENZer CarsS.......ccceoiririienienienienieeienieetrec sttt st s 111
6.1.2  Trucks and BUSES.......cceeoiiriieriinieriee ettt 114
6.1.3 Four-Wheel Drive Passenger Cars ...........ccoccerrereeerierneeneneceeeenneenn 114
6.1.4 Transverse and Longitudinal Dynamics with All-Wheel Drive......... 119
6.2 Transmission Formats and Designs ......cccoceviiiiieeniiniieniieeneeneeceesre e 120
6.2.1 Transmission FOImMat ........cccccoiririiiiiiciinnincci e 120
6.2.2  Transmission DeSIZN ........ccciiiiiiiiiiiii e 121
6.3 Basic Gearbox CONSLIUCHION .........covviiiiiiiiiiiiiccicteci e 123
6.3.1 Shifting with Power Interruption...........cccccocoveiiiciiiiniinciicninnis 124
6.3.2 Shifting without Power Interruption.............cccoooeinciiininninnnnnnn. 124
6.3.3 Continuously Variable Transmissions without Power Interruption ... 125

6.4 Gear-Sets with Fixed Axles, Countershaft Transmissions
and EPICYCHC GEAIS ......cevuiiieiiniiieeietceieete et 126
6.5 Fundamental Approaches for Part Functions, Evaluation ............cccccoccoeeee. 128
6.5.1  REVEISE GOAT......oiuiiiiiiiiieieeiieiteeee et s 129
6.6 Passenger Car TranSmiSSIONS ........c.ccevveeeririenueirerieinsonesiiee s sassneeeaeas 130
6.6.1 Manual Passenger Car TranSmiSsions .......cccocevvveeeiiniciiniiniininiennenns 130
6.6.2 Semi-Automatic Manual Passenger Car Transmissions..................... 133
6.6.3 Fully Automatic Passenger Car Transmissions ............ccccceeeevivierennns 134
6.6.4 Continuously Variable Passenger Car Transmissions ...........cc.cc.cueu.e 141
6.7 Commercial Vehicle TransmiSSiOns .........ceoecreriieciniiiniinnnii e 145
6.7.1 Single-Range TranSmissSions .........cccccceviririiriiciininie i 146
6.7.2 Multi-Range TransSmiSSIONS.......c.ccccvrcieciiiiniiniiniie e 147
6.7.3 Practical Design of Two- and Three-Range Transmissions............... 154
6.7.4 Semi-Automatic Manual Commercial Vehicle Transmissions .......... 157
6.7.5 Fully Automatic Commercial Vehicle Transmissions...............cc.c..... 158

6.7.6 Continuously Variable Transmissions for Commercial Vehicles ...... 159



XII

Contents
6.8 Transfer Gearboxes and Power Take-Offs ..., 160
6.9 Final Drives: Formats, Performance Limits, Transmission Ratios................. 162
6.9.1 Final Drive Systems for Passenger Cars............cocooonminiinnen 163
6.9.2 Final Drive Systems for Commercial Vehicles ...........cccccccoiviinin, 164
6.10 Differential Gears, Differential Locks and Locking Differentials.................. 167
6.10.1 Principles of Differential Gears...........ccoceeeeiniviesierieiniieseee e 168
6.10.2 The Need for LOCKINg.....ocvrvieierieeeeeceic et 169
6.10.3 The Interlock ValUue ........ccoooeiiieiiiiiiniinecc e 170
6.10.4 Alternatives to Self-Locking Differentials ............ccooevriinieniceninnnns 171
Design of Gearwheel Transmissions for Vehicles..................o.ol 173
7.1 Gearwheel Performance Limits .......c.ccccoceeeiieriiniieniiininiieiic e 173
7.1.1 Causes and Types of Damage..........cccceoueeiiriiiiiiiniiincicienicceieenn 174
7.1.2 Calculating the “Tooth Failure” Performance Limit...........ccccocenene. 178
7.1.3 Calculating the “Pitting” Performance Limit ..........c.cccoovvrenernininn. 178
7.1.4 Calculating the “Gear Scuffing” Performance Limit ...............c....... 180
7.2  Estimating Centre DIStance ...........ccccevieiiriiiiininireieeieee e 180
7.3 Estimating Face Widths..........cccoooiiniiiiiniie 183
7.4 Operational Integrity and Service Life ..o 184
7.4.1 The WOIEr CUIVE ....cccvveiieiieeiieeie e
7.4.2 Load Profile and Enumeration
7.4.3 Damage Accumulation Hypothesis .........cooeveviiiniiiiiiiiininineene 189
7.5 Developing Low-Noise TranSmiSSiOnS. .......ccocceerueeienieniniinienenienissnesieiecenene 195
7.5.1 Transmission Noise and Its Causes ........cccccvvviiiiiinininieiiin i 195
7.5.2 How Noise Reaches the Ear .........cc.ccoeiiviiiiiiniie 199
7.5.3  ASSESSMENE CIItCIIa ..ccoveerurirnerierieiiiiiitiiner ittt 199
7.5.4  COUNLETINEASUIES ...couvervrieenrereiiieiieieseieessareneeseeressaesteetnessssssessesnsesees 202
Specification and Design of Shafts ... 204
-8.1 Typical Problems in Vehicle TransSmiSSions ......c.cocoeeiireinneieeicneeeninninns 204
8.1.1 Configuration of Shafts in Vehicle Transmissions..........ccoccccevencrieneee 204
8.1.2 Designing for Stress and Strength et
8.1.3  DEfIECHON ...eveeeeieiieeiecreerecit st e et
8.1.4 Vibration Problems.........cc.cccoiiiiiiiiiniiiin ettt
8.2 General Design GUIdelINes ..........ccocoiiiiiiinniieiiii
8.3 Transmission Drive-Shaft Strength Design
8.3.1  LOAAINE c.ueiirereeiiierieeeereete ettt s
8.3.2 Bearing ReacCtiOnS.......ccciiriiiiiiiiieitiet e
8.3.3 Spatial Beam Deflection...........ocoviemirmiienienninc s
8.3.4 Power and Torque Profiles ...........ocoooiiiis
8.3.5 Critical CroSs-SeCtiON.........ccevvirueriiiriniiiinireeniesiie e see e
8.3.6  SHIESSES ..eevvreeeereeerirerrerinerresresiessnsenneaneens

8.3.7 Preliminary Specification of the Shaft Diameter...........c..c.ccooeeiinie. 218



Contents XIII

10

8.3.8 Designing for Fatigue Strength.........c.ocooeeeeiiiviiiiiiieeeeeeeeeen 218
8.3.9 Designing for Operational INtegrity ........cocoeveveveeeevereriiieceecenee. 219
8.3.10 Normal Shaft Materials ...........occeevveieriiercieecceeeeeecec e 220
8.4 Calculating Deformation ..........cococcoeiiiriuiiceieicrece e 220
8.5 Flow Chart for Designing Transmission Shafts.................cccceevevieeeioeeeneennn. 221
Gear Shifting Mechanisms, Layout and Design of Synchronisers.................... 224
9.1 Systematic Classification of Shifting Elements...............ccoocovveeeeveeeereeennnn. 226
9.1.1 Shifting Elements for Geared Transmissions
with Power INterruption..........oc.ooevieiiieiiniecceeecee e 226
9.1.2 Shifting Elements for Geared Transmissions
without Power INterruption..........ccoceovieeorieieccceceeeeeee e 229
9.1.3  Parking LoCK.....ccoeoiiiiricieite e 230
9.2 Synchroniser Functional REGUITEMENTS ............cooveeiveivievenireiiieieeeeeeeeeesenn 231
9.2.1  Changing Gear........ccccceoiirriiiieeieiiete ettt 233
9.2.2 Main Functions and Ancillary Functions .............c.ccocveevvviveieeeeeeenn. 234
9.2.3 Speed Synchronisation with Slipping Clutch ............cccccooevviirvinninnn. 234
9.2.4 Synchroniser DIMENSIONS ........cccccovmvuroreiriereieeieeeeee e 236
9.3 The SynchroniSing ProCess..........cceceeiiiiiiieiiceeeeveeeeteeeceeteeeeee e 237
9.3.1  EaSE Of USE ..c.ccuiiiiiiiieiireete ettt 239
9.4 Design of SYNCAIOMISEIS .....c.veieiiriririitcieieeeeetecer e 241
9.4.1 Synchroniser Performance Limits ............cccoeeevieeiriniiviereeceeieenen. 241
9.4.2 Basis for Design Calculation ...........ococvveveieeciiiiieneeiceeeeee e 244
9.4.3 Practical Design for Acceptable Thermal Stress ..........c.oc.ccoveveueae.. 245
9.4.4 Designing Locking Toothing for Locking Effect..........cc.cccocevveunnn.. 249
9.5 The Tribological SYStEM......c.ocouiveririiirieirtiineniieecr et 253
9.5.1  MaterialS ...c.cooviiieiaiiieieee ettt 253
9.6 Engineering Desi@Ns ......cccooiviiiiiiiieieieteeeettceeee e 254
9.6.1 Detail QUESHIONS .......oveieiieiii et ee e e seaeeeaeeenas 258
9.7 Alternative Transmission Synchronisers .............cocoveveeereeeeeeeeeesceveinee, 259
Hydrodynamic Clutches and Torque Converters................c..ccocoevovevveveenennnnn. 261
10T PIINCIPIES ...ttt ettt sttt e e s eaeneannens 262
10.2 Hydrodynamic Clutches and their Characteristic Curves.............ccooeveevennenn.n 265
10.3 Torque Converters and their Characteristic Curves..........occoeveevveeeirecineeeneenns 266
10.3.1 The Trilok CONVEIer......c.ccooeviiiiiriiiiieireee e 267
10.4 Engine and Torque Converter Working Together..........cccoovvrvniniiiciinnenins 268
10.4.1 Torque Converter Test Diagram, Interaction of Engine
and TTiloK CONVETTET ...c..ooiiieeiteiecie ettt st een e 270
10.5 Practical Design of Torque CONVErters..........ccoerieirierrierienieieeeeeeeeeeaveeneenes 272
10.6 Engineering DEeSiZNS .......ccccevviriiriiniiiiiiieniesietesieseetesseeesenesseessssneeseeneeneeene 272
10.7 Design Principles for Increasing Efficiency .......cccocvecveeveviiiiecieniciienieieene 274
10.7.1 Torque Converter Lock-Up CIUtch.......cccoovevirininenrieiceeeeeeeeeeee 274

10.7.2 Power Split TranSmiSSion .......cccceereeeeirrriiesiieeieeieeeriecieeeeee e 275



X1V Contents

11 Notes on the Design and Configuration of Further Vehicle

Transmission Design Elements...............co.cccooiiinniiiniiiniinnieresee e 279
T1.1 BEAIINES ceveeutiiiriietiiieienite ettt ettt ettt st e e st ebesbe e st esseseenansanensenns 279
11.1.1 Selecting BeArings .......c.cceceeeereereririericerieneerieseesresreseesiessessesseesaeens 280
11.1.2 Bearing DeSigI ....covuereiiiiieeeieeee ettt 280
11.1.3 Design of Roller BEarings .......cccceceevveererincieniisieecesieeeesieseesresine s 284

11.2 Lubrication of Gearboxes, Gearbox Lubricants ...........coceevevernniienininrnnnn. 286
11.2.1 Bearing LubriCation........cccevteiiereruiiiiiiienencie e 287
11.2.2 Principles of Lubricating Gearwheel Mechanisms.............cccevevvennene. 287
11.2.3 Selecting the LubIiCant ...........ccooiiiiiiiniiieieececeeeeeeeeee e 290
11.2.4 Selecting Lubricant Characteristics ..........cecververiererienrenresiensresiesnens 290
11.2.5 Lifetime Lubrication in Vehicle Gearboxes .........c.ccocovverveircninnennene. 293
11.2.6 Testing the Scuffing Resistance of Gearbox Lubricants .................... 294

11.3 GearboX HOUSINE ....cccevieriiririrenieeiencentet ettt sttt seesare s ens 295
11.3.1 Gearbox Housing Design.......coceeireeiieriiiinieieniecseeeeeecee e 295
11.3.2 Venting GearbOXES .......cccooeiriririirierireriiniiecit sttt site s sueereseeesneseeeas 297

11.4 GearboX SEaliNg.......ccccoiiiriiiieiiieiere e st e st 301
11.4.1 Seals for Static COMPONENLS.........cccerrerrrieieriierieeierreereesieeserereeeeeeas 301
11.4.2 Seals for Rotating COMPONENLS .........ccuervuemrireneeriienieeine e eieeseeeas 304
11.4.3 Seals for Reciprocating Round Components..........c..covecevereereesuenrenne 305
11.4.4 Practical EXamPIES ......ccccoveeieiriniriiiniieiieie sttt s 306

11.5 Vehicle Continuous Service Brakes .........cccocvvereiiiiieniniciriieecccneeenens 307
11.5.1 DEfiNItONS ...oovirmiicereiiecetct ettt ettt s 308
11.5.2 Engine Braking SYSteIMS......cceouviireiieieieeeeiieeie et 309
11.5.3 REtArderS ..cocueriieieieieei vttt et see et s she et 309
11.5.4 Actuation and USE .........cecoiiiiiiiiiiiiiieeieeiee et 313

12 Typical Designs of Vehicle Transmissions ...........c..c.ccoceoevenincnnionicncnencnenn. 314
12.1 Manual GearbOXES ......ccevirreririeririerienie ettt e 315
12.1.1 Manual Passenger Car GearbOXes .........cocceereerriirieniensieeeierceeenneenens 315
12.1.2 Manual Commercial Vehicle Gearboxes.......ccocvccviinviicriniinnniine, 322

12.2 Semi-Automatic Manual GearboXes........c..coccecieviiiiiniiiiiiiniiieicreeene e 326
12.2.1 Semi-Automatic Manual Passenger Car Gearboxes.........ccocceeveenrnnen. 326
12.2.2 Semi-Automatic Manual Commercial Vehicle Gearboxes ................ 326

12.3 Fully Automatic GearbOXeS ........cco.iveeuiriiriiieiiiicrteeeceeeceeee et 328
12.3.1 Fully Automatic Passenger Car Gearboxes ...........cccvvvrvvresinicininnns 329
12.3.2 Fully Automatic Commercial Vehicle Gearboxes...........cccccovreinnn. 332

12.4 Further EXamples.......coccooiiiiiiiioinccicieenennence vt 333
12.5 FiNal DIIVES ..oovveiiiiieieiiieeerer ettt e 340
12.5.1 Typical Designs, Passenger Cars..........ccocecvevrecinrinnieiniiieireine s 340
12.5.2 Typical Designs, Commercial Vehicles ..o, 343

12.6 Differential Gears, Locking Differentials..........c..ccccocooiviiniiinininicienee 346

12.7 Four-Wheel Drives, Transfer GearbOXeS........cccvrveieeiirreenroieeireeceeieeeeeesanenees 352



Contents XV

13

14

15

16

Engine and Transmission Management, Electronics

and Information Networking..............cccoccoccimiinnniinieccceee e, 359
13.1 Overview of Electronic Systems in Current USe..........c.ccoevevrvereecevivrinenana. 359
13.2 Engine Management ..........ccocoevvveveruieeeieecreereeresiceereesesresseeees s s seesne s eee s

13.3 TransmiSSION COMIIOL.........ccovveeiieeeeieiieee e ee et et e eeee e es e eesee s e sesereeans
13.3.1 Automatic Master/Gearshifting Clutch
13.3.2 Semi-Automatic Manual Transmissions, Automatic Gear Selection. 362

13.3.3 Fully Automatic Transmissions, Adaptive Gearshift Strategy ........... 362
13.3.4 Continuously Variable TransmiSsions............cceveeeeeerverriveeecerereennnn 364
13.4 Electronically Controlled Braking and Traction Systems ................ccccevnene.. 364
13.5 Safety CONCEPLS ....cccviviiireiriericrier ettt ee st s et sa et reeerenas 364

Overview of the Development Process, Product Planning

and Systematic Engineering Design..............c..coccoooveiiiiiiiiiee e, 365
14.1 Product Life CYCLES ...c..eoverireirieieiieceecteeteeeeee e et 366
14.2 Product PIanning.........coccccoiiinirmreceeieeiee ettt 368
14.3 The Development PIOCESS .........cocrririreinieiiireeiieetecee e et reneeens 371
14.4 Systematic ENGINEETiNg .......cccecviiiieieieeceieiseeeetee ettt e 373
14.5 Linking Development and Production..........c....ccoeveieuievieeieeiiveeieeeeeeeen 380
Computer-Aided Transmission Development, Driving Simulation.................. 381
15.1 Driving SIMulation ........cccoceevivriniineiseeeeteet et 383
15.1.1 EXtraneous Factors ..........cccccoeveirinerniininenniereneseeeteee e 384
15.1.2 Route Data Set, Route Data AcQuiSition ..........cccceceeeeeieecinriieiennnn 385
15.2 Driving Simulation Programs ............cccoeeivviroenveneeieeieece e 386
15.2.1 ClasSifiCatioNn ......c..o.eeeeirerierieieieeeeeese ettt et e et er e esensanen 386
15.2.2 Modular CONStIUCHON........c..eevievrieeieeeetecieeeeetee ettt st nens 387
15.3 Applications of Driving SImulation...............cceeeveeevieiinie i 388
Reliability and Testing of Vehicle Transmissions...................ccccoevevevivereenennnn. 391
16.1 Principles of Reliability THEOIY.......ccouieiririniercrieiicecse e 392
16.1.1 Definition of Reliability..........cccecerviiririnrnirieeeeceeiset e 392
16.1.2 Statistical Description and Representation of the Failure
Behaviour of COMPONENtS........cccceveriieveeririiieeerieeeeisereeereeeeeeeaeeeenes 392
16.1.3 Mathematical Description of the Failure Behaviour Using
the Weibull Distribution .........ccccoevineenieieiiiiieeesee e 395
16.1.4 Reliability with SYStEmS........ccevveerverieieticectee et 400
16.1.5 Availability of SYStemS .......ccceeeiriiiciieececeeeeece e 402
16.2 Reliability Analysis of Vehicle TranSmiSsions...........c.c.eeeeeeeveiererisesneereseens 403
16.2.1 System ANALYSIS .oc.ooeiriiricirereieee ettt vttt 403

16.2.2 Qualitative Reliability Analysis.........cccoeeveevvereennnnn... et eaaaan 406



XVI Contents

16.2.3 Quantitative Reliability Analysis.......ccccceoeerirervenncnniicniienineieeenieenne 408

16.3 Testing to Ensure Reliability .........cocoeceiieneniniiiiiiiiicrcccececccee 411
16.3.1 Classifying Vehicle Transmission Test Programs..........cc.ccccoveeeeennee. 412

16.3.2 Test Stands for the Test Programs..........cccoeveerneeeeennenneecneneneenneens 415
REFEI@IICES ......coviiiiiiiiiieitee ettt e 419
Index of Companies/TransmiSSions ..............ccoovciiiireiinceciincicnicren e 439
IndexX Of NAIMES ......oo.oiieiiiiiiii ettt 441

Subject INAeX ... 442



