Contents

B IVIODEIIEY v i 5 oms o 6 5w 6 oo 2 5 5 maonms o % 5 5065w & 3 50818 & G0 B & 3 & PUWIE & & Bw & & & SR B % R 6 K B BRI & 4 A BT K 0 e 1
1] Ioboduelon :::oec:mmscis e s s 6rm s as i e s Fese s s om s § 65 § 065 § 5 5 5505 5 § § 945y § B i 1
1.2 'Canses and 10TMs O OEY ..o s 2 covosr s isi s 5 it s 83 nFE I IR S s APV RS NE E RS SO US4 W 5§ S s & 2

1.2.1 Definitions ........................ . > 5 R B A S % B R R B W %A o S § & @ el B § B E 8 2
1.2.2  Activities determine mobility . . . ... ... ... 3
1.23 Transportation systems forfreighttraffic . . . s vonwlsswvvsnwmus s mmss e 4
.24 Somemsrked aspects OTMODINEY . o s s s vs oo smme s o o s o g @085 5w &8 FoEN s 65 S50 5 5 5 5 4 5
1.3 Stress points and disadvantages o MODIILY . .. . . oo o0 nomnenssmanssmas s osiossbmsiossssssssses 5
1.4 Mobility-relevant demands on the automobile . . . ... ... ... .. 6
AT s I o o o w0 ma 2 0 6 B8 5§ § R U % 3BT R R SR GIHAG 4 % KGNS § % 6 S0 % W 6 6
1142 Bpecia] TeqUITCINCES ;s cvimsss s oe 550§ 55 SRIPF 55 @ Es B9 & § S50 § ¥ SO0 6§ 8 @wre v 4§ 5w o a 7

i Regquirements and conflicing QORI . . . ccovcvwn s vmsssumumesnmoses s onwwess sumes s s nmasss s s 9
2.1 Produet mnovation 8Nd DIIOTPIOBTESE s sns s 65 s 5 5 5 0mes s 5 5% 6 5 551606 § 5 015 ¥ ¥ 8 B0 & ¥ 5 § 96 8 5 51008 ¥ 3 9
2.2 Repulatory TEGUITEIBINE. . . «.cw » v wumre v x s wamim = mumw s m o asmie s o p me 6808 3iset 54 05 § 5 HEEFF 55 HE 255 99 5 16

2.2.1 Certification for service onpublicroads ........... .. ... . . i 16
2.2.2 'National and supranational legislative aUthorIHes .. .o v convi v v v v v momms « o 5 3w 5 o o = 16
2.2.2.1 'Traffic code and motor-vehicle code (German StVZO) s o wnw s i o5 wmes su 5 o5 16

2222  Extopean ComMmOnity QILECHVEE ..cciismdss saedss @ b 5 o £ 3 § 9000 8 § 98 ©3 16

2.2.2.3  United Nations Economic Commission for Europe Regulations ............. 19

2.2.2.4  Further measures to reduce trade barriers . ......... ... ... .. ... 19

2.2.3 Accident prevention (BCHVE SRICLY) oo v swmw s v s suws 5 3 5mrs 6 5 5 005 § 8w & 5 5 5 wveis s v mm o 20
Rl R G T I, T T TTILTTTTTTTT 20

2232 Brakesystem ................ O S e T L Tl 1T 20

2233 Drver’sfieldof vision . ........ . .. 20

2238 THECHAINS oo v s s s s s v s s o s e sae s s 6 s smee s s s s e s s s mm s 21

2235 LiphingequIDIMent ooccsmimss s wmme s e 59 e s SuE 55§ 25 63 S5 5 5 8 558 8 § 3058 ¥ 21

224 Vehicle saféety and INJUrY IBBATON ... ... coom oo s oo o8 e 55800 8% baids 558 800e a5 858 21
2241  General . ... e e 2]

2.24.2 Occupantprofection in frontal IMPACIE . ... . < viwe c s s w2 5 wem o o 2 % wiwow x v ww s 00 22

2243 OccupantprotectioninsideImpacts .::ssssomssssvass wwsassssmnesswesss 22

2,25 Redquiremefits Tor emissions DENAVIOY . iz oavices o5 56 oos s s 659 5 5 3osi o855 5e0es 5 55 55 22
2280 GEOHETRL .. vovim v n o o mve o mvsnie 5 5 ¢ omns = 4 soeims o % 8 st 8 s b A op 4 R06IA 8 @B d B B 22

2.2.5.2 Noise emissions and exhaust system ............ ... i 22

2253 ExhaustemlissSIONS s s s siw s s oms o s 5 o 5608 8 5 Gtw § % 6209 68 6955 0 & 5 8 S0 ® €% R0 5 & 4 23
2.253.1 EmissionsfrommotorvehiClC engines ..::cececssssosvssonsss 23

2.2.5.3.2 Diesel engine emissions (diesel smoke opacity) ............... 25

2.2.5.4  Fuel consumption and CO, €emiSSIONS .. .........ouniuiiiriniueeeen .. 25

2.2.5.5 Electromagnetic compatibility and radio noise suppression ................ 25

226 Miscellaneous TEQUITEINEINS o s o o s omms 5 555 6§ ¥ S99 £ 5 3 W8 5 905 85 8§ 9009 & ¥ #E¥ & 504 25
2.2.6.1  Mounting rear license plate ....... el I I T T T 23

2.2.6.2 Theft deterrence, immobilizer . ......... . ... i e 25

2.2.6.3 Manufacturer’splate, vehicle identification DUMDPEL' ... . . cvv v v v veim s 2 mie v 0 e 26

2264 Engine power mMeasUICIIONT: « nies v o s v 55 5w 5 35 650 & § %0 & 8 5 3 35w 5 5 s 256 & & o 26

2.2.6.5 Weights and dimensions of category M, vehicles ........................ 27

22T  PIOBHGRIE . oo wioe o v« wmmsen v x o momses x5 300w 5 w00ase 0 8 8 5 vioes @ ks o o 8 Bl 5 8 W% & 4 & B G060 8 5 9 8 & WA 27
G5 D U OIS 55 g 5 o = owons w5 oo & 10 (6w £ 55 gm0 5 5 SROOND 9 REERE 6 1 S e 39 3 AR 1 o Gt e G 27

3 Vehicle PhySiCS .. ... e 33

3] BaASICS .ot e e 33
3olcl DelDIONS oo ivenmm s e s o s v mm s 5w s 55 s e s FE0E § 0 8 0 F ¥R 6 28 8 WM K ¥ AR 6 F 33
3.1.2 Doving reastance and DropulSIOn o q s ems s ss ves s 5 5w s 95 o0 5 8 505 5 5 00§ 5§ 59 6§ 595 34
3.1.3 Factors atfecting il CONSUMPLION ... . coovsonosos s s oo 6660068556588 0ame s 55 500§ 5 50 b 36




Viil Contents
314 DynamiCIOrEES oo vwmeen smussa 508 & 8 5o § 55 5055 65 6506 08 L@4 55 G008 S 5 50085 5§ TEE§ Ra ¥]

3:.1.3  Mohonmolthe VEeIICIE OGN v 55 5505 5 summ o 5 0 ouesm 5 5 # wiess 0 8 w5 2 dodidl § 8 bkt § § 8 2 o a 2 050 37

3.1.6 Forces and mOments ... ... ... . ... 38

307 CRASSIS . vttt 38

N - o 38

319 WHCRIBANABIEE .y uwssus emevsems s e ess Buis s s s L 58 % eis 8§ 5wk S s 5wy £ 85 5els & 8 5 39

3.2 ACTOOMBINICS 5 o3 5ias 555 5i s 86 SIS 5505 855 B & am wonm n n = mrens & % 3 ki 5 4 Bl 55 8 200 5 5 5 5.00s 5 & oo 39
il BHBICE 5 i % cmm mor o misum mm 4 s  n mm R K B > RN N W R & L % A AN ¥ 2 O S € % 3 A B A 39

3.22  Areasof application . ........ .. 40
3.2.2.1 Aerodynamic drag/vehicle performance .................... .. ... .. .... 40

3222 DynanC Sy . cawossmesowmetnoes s s em e E 3 FE6e SwE 5y S § 5§ ebE ¢ S 42

3:2.23 WeltIng and SOOI : o ¢ ivi i mm e w wooum e x oot § 8 6 A6 § 8 Biidl § 5 % 5005 5 § 4§ 5ltosl § & o 43

3.224 Individual forces ... ... ... 44

3.2.2.5 Cooling and component temperatures . ..............vuiiienrenrennann.. 45

3226 INENIOLCHIMAE: . oo v v v s wm es s wome s 55 978 & 85 558 § 5 5799 § 8 5 559 3 § 5 3 595 5 & (7 45

3227 WINANOISO wcovwwmissmeismmocsomms s v eis ol asaoivass vsld £ 555 0 5 5 58 45

3.2.3  Aerodynamics in the overall development process ............. ... 47

3.3  Heat transfer and thermal technology . ... .. ... . .. . . . . . . 47
3.3.1 Cooling of internal combustionengines .............. .. ... 47
3301 Radiator1aYOut s s v v povio v m mrm e s s mes s 58 sia s s 8 e 58 56 68§ R 6 6 S H BE @ § S 48

3.3.1.2 RaatorCONSUBCHON 5 ous s 5o s s e s 85 5 d 55 505 55 5505 755 060 5 865 5ok 5 & o8 49

33.1.3  Fansandfandrives .......... ... ... .. it 50

33.1.4 Coolingmodules . ....... ... . . . . . . 50

3.3.1.50 Theoverallengine COOLNZ BYSOIIE . o wovvi v 55 v a5 wm i v 5w s 5 § 5905 & & 3 5 5w 6 § 9 50

3.3.2 [Passengercompartmentheating and COONME o wuv s wmmsss o ss e aims s« baye s 555 56 6 § 5% =3
3.3.2.1  The heating function and its components ............................... 32

3.3.2.2  Operation of the air conditioning system and its components ............... 23

3.3.2.3  Compressors and control of cooling performance ........................ 55

3324 Anconditioning SYStemIaYOUt ;. s v s mieis g s miesas e s 55560858 § 6 b 6 s o 56

3.3.2.5 Additional fuel consumption due to air conditioning system ............... 56

3.4  Vehicle aCoustiCs . ... ... 58
3.4.1  IntrodUuCtiOn . .. ... e 58

382 INPRLACHTINIOI . 5 vow v 55 v 5 s R 6 8 PEE E 8§ FGEET S § GO § ¥ U000 § 8 G S § 6 S § § ¥ S0 § § 58

345 Component QUANNCHHON . . s s o s 5 s 5.5 5300 66 8EE £ 5 584 (5 WES 558558 F 5 0§53 61
3.4.3.1  Propulsion unit .. ... ... ... ... 61

3432  Driveline . ... 63

3.4.3.3  BOAy ... 65

3434 DIeerNZSYSICM v sssnvsnmmsis smwsis elbiv s s ool ps oesess 9w 53 bwas s 68

344 Overall vehicle optimization . ............. ..ttt 69
3.4.4.1  ACTOACOUSTICS . o i i ittt e et ettt e e e e e e 69

3.4.4.2 Transmission path analysis .............. .. . i 71

3443 N1Ioratton ComIOME oo s s suve s v o o % sowm v s 5o & 5 % 5iF ¥ 5 008 0B 5508 § & 5 R0 5 8 6 73

340 EXICTIOUNOSE cicsvsinmiss oniss g s s iiipasdis e essms 5 nassssmemnsnsnmshn 75

34.6  Quality assuUranCe . ... ... ... .. 77

4 Shapes anU NEWCOMERPEE ;oo s5 60 o5 ot s 5 A E 55 B0 E 55 50 § 55565 50 trn o 4 omein o 8 8 wimos s & 2 2 mim % 5 79
Bl IIORIBIL ., & o hicin n 2 hor o o imios o o o s 2 e 2wt ' o Wit 10 a3 e ¢ s & s K B K 79
4.1.1 Thedefinition of design . ........ ... . . . . e 79

4,12 The:growing iMportance ol desiBn ... ol ivvs msh o sohim o v st s s siais s s 4 506 5 5 5 5009 § 79
4.1.2.1  Design and platform/shared partsconcept ............... ... ... ... ...... 79

4.1.2.2 Designandbrand image ........... ... ... 80

4.1.2.3 Designasamarketingtool .......... ... ... . ... . ... ... ... 80

s N T R —— 81

F120 Conflengpoals iv:issussmmisisamvessimes i ve s omaiss e F5 485 i 81

4.1.3  Exterior and interior design, color and trim, advanced design . .. ..................... 81

4.1.4  The desi@n PrOCESS . . .ottt et e et e e e e e e e e e e 83
4.1.4.1  The classiC desi@n ProCess . . ... ... ...ttt 83

31424 1he QIRita] dOSIEN PYOCESE 1 5 s is s s 8 wieim o ¢ 5 66 £ 5 3 00 5 & S50 & ¢ % 67508 6 5 § % 508 § 8 3 85



1X

4.2

4.3

4.1.4.3 The digital process—strengths and weaknesses ......................... 87

415 PLOBOOBIE . o oomimrnmionm e nn s s s mon s 8 05008 6§ 5 5005 & 8 A5E § 8 8 B985 $J50 4 5 50el ¢ § & 918 5 5 B0 87
Vehicle concepts and packages in passenger car development . ......... ... ... ... ... ... .. 88
4.2.1  Development PrOCESS . ... i vttt ittt e 88
4.2.1.1 Product requirements and the farget catalog ... ..wwo v ww e mmmmns v e e n wm 88

4.2.1.2 [Establishing the vehicle concept .::uessswoussvwmes we ss s wwmn sy s wu o s wm 88

4.2.1.3 Styling/hard point PaCkage :co.cicssemsss ias s pe s aes § s a6V 00@ 65 55 88

BT A  PHBRATE .o n oo son mmn o mbmn 0w s 0 mvonss v 0 m e p 8 B0k 8 B ol B 5 5 BUEH § # 3 500 § ¥ W0 8 88

4.2.2  Vehicle cONCeption @S @ PrOCESS . . v v v vt v ittt e et e e e e e e it e e 89
4.2.2.] SOOUBDCE 5w s wummav s oom b 5 s vy § o0 e & § wme o v SOwH 6 o0 £ 8 © REREG & & % RO K X B0 o 89

42.2.2 Package forms and product datamanagement ...........ccc0i0iiiin s 89

4.2.3  Layout sectors and factors influencing the vehicle package ...................... ... 90
423.1 Defimtonof AIMENSIONS . .....cncemssoonssssonsssssssonsssssodsssss 90

4232 Vehicle concept . ... e e o1
42321 Frontmounlold SRR ..o o o wern s o swms & 5 sm 0« 3 wsams 6 5 % wm w e wm 91

42322 Rearmounted enpING uos o5 vws s vws o s 6o s 8 8 Seme « 5 § o g 8 s s 93

42328 MAdOIMEAdENTING ey s i35 6l o5 Wds 55 SEmE 8§ 8 5055 ¥ 0D s 93

4.2.3.2.4  Special variations on engine location ........................ 94

42.3.2.5 Comparison of vehicle concepts ............... ... ... 95

4233 “Vehiclepackape layout domBING  «covw o s 5 o0 05 o mw s 5 mm o v womom s s v s e x5 wie » » 95
42331 INMBNOF i ceveisisumvess 0@ 588 De oo ¥ 8 Daem s 865 5w ¥ 8 5 6 s 935

42332 Luggagecompartment .................... s % 55 BT R 5 O § A 96

42333 Bodystructure .......... ... 96

42334 EnginecomPartmOnl .o s s v s sum s o womes o w ovson s 6 5 2 wwm o s w0 96

4.2.3.3.5 Exhaust system, drivetrain, and underbody ................... 96

42336 Fueltank Hnes, and spare tife ... coves mmas o e85 mes s swes s 97

4.2.3.3.7 Dimensional comparison of various vehicle classes ............ 97

4238 @ Fepnifini P IBaUIRHIENE .o« o ccoommie n 5 5 00 & 5 0 w50 00 & 0 sz w % % % s o e v o 98
4.2.34.1 Directinfluences on the vehicle CONCEPt v v v svussmmssmmwna 98

4234.2 Indirect influences on the vehicleconcept ............ .00 98

4.2.3.5 Customer service and manufacturing requirements ....................... 99
4235.1 Production and modularization ............ ... ... ... ... 99

42352 TCUBlOMPBLSEIVICR: 5 5o s s ¢ e ¢ % mimne & ¥ % wus & % Wosw & & % % Wmss K & SR K # 9 99

4236 SUBEZICINHUCHCRS 0 :covisinome s o s snmiues s s Buedss s pmm o5 o s 100
42361 VOCIEpIAHOMM. ..o sssnosiivrdsis s s esais B Esoiay g 100

4.2.3.6.2 Vehiclevariants ...........c.c.ouuiittintrtniiieiaay 100

4.2.3.6.3 Modular construction ...............uiiiiiiiiiii 100

424 ‘Vehicledevelopmentimthe fOfire .. c.somomovsammos smmsnys sws s wweovs o ws s ow s 101
[HNOVALIVE DEOPUISION SYBLEINE ... oo mein 5oisi s 55600 6555 08 5 8 5008 14 578 8§ 2 Hreis 1585 PR 2 ¥ B & 8 3 101
431 Electfic QrIVESYSIEINE ...« v o coviv e mm cn s moimnss s mmm e nmmm e s o 68 bosd s 5558505 8585555 101
4.3.1.1 Drive systems for electric vehicles .............. ... .. ... ... ... 102

4.3.1.2 Electricmotors forelectric VENICIES: . s s s s s s 5 5w v 5 e 5 v 6 5 % mirisn 5 0 0 2 0 102

33.1.3 INVPHBIS .iviis5656 s msina@siasbias s s Siee 8% s Be s S EE 88 b WHg v 6 9 g 104

4314 TractONDALIEIIBE ... .- »ow v s sveumm v nm mumom g wmdi 58 8 0k § 60060 5 8 3 5 00655 &5 5 80 105

4.3.1.5 Batterychargers ...... ... ...t e 107

4.3.1.6 Lookingtothe IIOIE . . is s s sy e s sm e o s mme o mm e s x5 o s s s wome » »io 107

43.2 Fuelcell propulsion for mobile SYStEMS v cssses s owmes s wmasmeissssmommesswss o 107
4321 'NECarVehiBles . ...covicnrsmmsisddfs s i iia e SIGEE S DUl § § 98 8§ 50 111

4322 Nebusfuel-cellbus .......... .. i e, 112

43.2.3 Pollutant emissions from fuel-cell propulsion systems ................... 113

4324 Fotmreoutlook . icsmssonmesss one o5 sies s 6 579 5 6 59 6 § 3 brarsueis & ¥ e & % s 113

433 HYOUAOUIVE ...\ oo ne o omonin o 8 w58 ithd § 8 5 5 B0ohi 5 50508 5 8 5 9000 & 5 609 & B 3 G109 ¥ 3 W38 & & o0 114
B3] BEEBIIO .cn o & a im0 x avom o wmim v v 0 0w o 2 90w & 8 8 womgm 5 § okl § 4 8 SR & § 3 506 5 8 409 114

RN T e T R R N SR N ——— 114

4.33.3 Components fromthe hybridpomtof VIEW ...ccvvvivniinvnmnnissmesnns 116

4,34 Stitling engines, gas turbines, andflywheels ....:ivecrsssssismsssvmvessnes s o 117
4341 SO ONEIIBE . 0. . ot s vorne v n s o mmm o o doicdi & # 5 8058 5 B0 8§ 3 RIS £ 5 BN 4 § e 117

4342 GasturbINeS .. .....ctiiieernnenenetosoonsacssanesnosnrosennesee 118




Contents

S Powerplants

3.1

3.2

3393 FIPWHBERIS: wouvw v v wwn vs oo s 5w s s 5 5 6isis s s 5dis & 5 5 916 § 5 50976 & § 5 Siel 8% & Gisis § 3 120
........................................................................ 123
CHIGCYRICBHEINGS - o - covn v o5 mmim s 5 3 e 56 5600 5 S 055 & 8 6 Sio0Ba 6 5 0100 5 5 SIS 95 HURUE 05 5 6% £ 5 § 5 698 & & 123
3:.1.1 Otto=cycleengines, Part 1: Fundamentals . ..........ccoiioocioissssssnsssesomes 123
S.1.1.1  Operating prinCiples . ... ... ... 123
5.1.1.1.1  Four-strokecycle .......... .. ... . . .. . . . . . ... ... 124

S.IL1L12  Efficiencies . .......... .. . 124

Dledodld DICHMICIONS BNAUDINS: 55 4 s sinia 5 5 wise ¥ 5 w9 & ¥ 5 500% K 5§ 5 S0 5 § § 506 § & 125

J.ld.2 Engmnedesign and MEChANIES  ccoicsuinwissswsio s o i 55 5504855 betbs nnnmm s 126
5.1.1.2.1  Engine configurations ..............c..ouuuimnuiinuennnn... 126

51.1.22  Cranktrain . ......... .. ... i, 128

5.1.1.23  Valvetrain ............ ..ot 131

21124 GaseXchange Clements .o s s w58 5w v 5 06w 6 § 5 500 & § 1 0 § 8 133

Folalsld NIBRCTIIS 5 5 506 20 bitoain 5 5 @ omsuhs 6 5 5 5o 5 5 0 5ok § 5 ibE o £ = omsmons m 8 3 s o 136

5.1.L1.3  Engine management ... ... ....... ... ..ttt 139
5.1.L1.3.1  Fuelinjection ............ ... . .. @i, 139

A 0s.  NISORC oI BN . crus s s 5w 6 3 5 568 5 R 6 595 9 8 FEER E § § PEEE § 8 S § 139

30133 JBOMION ciovsissionasnss hameis 55535 BN 555 a5 055 GBS 756 B 5 140

5.1.1.3.4 Combustion . .............. ... 143

5.1.1.3.5  Exhaust emissions and catalytic converters .................. 144

5.1.1.3.6  Engine control Systems . ..............cuuiiiiiiiiniinn... 147

5.1.1.4 Coolng and IUDTICAUION. « ..ois s weamin s ils ras § 8 9isis & & 506 & 5 & 5859 5 § & G0 & 5 8 508 3 149

J.1.1.0 Auxihiary devices and PACKAZE . . .vvove ovaosvmnossonneonessasonnesis.s 153

5.1.2  Oftto-cycle engines, Part 2 .. ... ... .. . . 154
5.1.2.1  Futuresolutions ........... . . .. . . 154

peliZe  HRERCH BRI CHONE. o0 ps suoreyims svrimilonsnmteie: mund 55 DI & § 000 § § S 0 § 0 GEEE  § B 155

3 A2 Combustion BYSUMIN .o i s s sisaia 65 5505 68 BEE § 55 b § 5 ok o 155

3.1.2.2.2 CHAIEE MOLION. . ;i o« cvmiminin marn e s miomm s s aime s nmesssnmmessmos 161

5.1.2.2.3 Imjectiontechnology ............ ... ... ... . ... . . . . ... ... 161

5.1.2.2.4  Operating strategy and engine management ................. 163

0.1.2.2.5 [Exhaustgasaflertreatment .....scovsssonssssnisssnmasiig 164

:l:2:3  VanableValVE IIINE: o i omci 0 meiis i o oui e & almein o o mm o o 0 mrave s 5 8 oese = » 2 166
5.1.2.3.1 Throttle-free load control ............. ... ... ... . ... ..... 166

5.1.2.3.2 Designsolutions ............... ... 168

2124 DoWntizing and SUDSIChBIGINE = ..tcvieo's s swvssmws v 5 5w 8 5 5 5660 § § § 560 § 5 5 5 171
21241 Operalig POt SRR oo im 5 550 6 50565 5 505 6 5 5 sueie £ 5 » mumes 5 & 5 s 171

5.1.2.42  Vanable compressionratio ................c.coiiuiuiinnn... 172

Diesel ENgINes . . .. .. 173
5.2.1  Definitlons . . ... 173
ol COMDBUIAMONS . vowmass vmms v s vom o § 50 64 § S0 & 59 S0 .54 SN0TE § 508 8 § 5556 5% 3 6 st 5 n o 174
Nd:d  THSIOLY OL a0 INVEIRIONL 555050 5 5 5505 5 5 55 § & Biniosi 5 £ 5 2imudem Soncslor s = wisie o 5wt %  » 5 wEaE & o w 174
5.2.4 Diesel engine fundamentals ........... ... . .. .. ... 176
5.24.1  Introduction ... ... ... ... 176

d.24.2 Comparison of engine combustion PIOCESSES . ..ow s cviscensssosoviss o 177

5.2.4.3 Diesel engine thermodynamics ...............c.uiiiiinnnnnn... 178

5.2.5 Diesel engine combuUStION . ... ...... ...ttt e 179
5.2.5.1 General ... ... 5 ¥ 3 B @ E B 179

5.2.5.2  Injection and mixture formation . .............. . 179

3.2.2.3 Auloigmtion and ignition AelaY: . . oo e o5 555 508655000 855 mme b nm s o 8 wus 180

5.2.5.4 Exhaust emiSSIONS . ... ... ...ttt 183

5.2.6  Injection system design characteristiCs ... ...t . 185
5.2.6.1  Distributor Injection pump . . ...ttt 185

2.4/6.2 SRUNC MHECUON DVIDD « wv v s o 55 50e £ 5 5 5% § Riod 58 305 5 5 5 hishdi § 5 8 baios ¥4 4 o 187

5.2.6.3 Imjector nozzle and nozzle holder ............ . ... ... . . ... .. ..., 187

5.2.6.4  Unit INJeCtOr . .. ... ... e 189

5.2.6.5  Accumulator or common rail injection system ......................... 191

5.6 INCCUR VSIS SIIIABON s o5 www v v wmi b s Be § 5 S0 B § B ER E§ 85 EI0EE G 191



Contents X1
5.2.7 Combustionsystem design charaCteriStCs « « avws v s wiw s s o s a8 v 5 3 8 wvs s s ¢ o w0 e v w0 192
52701  PrechamberSystems ; ..ovsoeacis soms s e s e s 9o ¢ 9 & o5 @ sdsa e es 5o 192

5.2.7.2 SWir] CHRMDEESVEEIE ... . oo om0 ovee w0 0 00k § 6 5 20008 5 5 506 5 6 BTS2 5 & 5 509 & § 509 & 192

5.2.7.3  Direct injection SYStEMS . . . . ...ttt 192

52.74 Cranktrainand cylinderhead .......... ... ... .. . i, 194

5278 SUPCIChAIBING 555 55 s 5 555 5 55 505ers £ 5 Fom ¢ 8 s ¥ 6w § 5 SR E € ¥ 8 W € 2 R 195

52768 JATCCXPOClANGY v vmssomsss vomess smv v OmEe s § 0d s 3 S0 4 6 5§ $@ 5 ® wm s 19§

5.2.8  Qualitative evaluation of combustion systems .............. ... i, 195
5.2.9 Exhaust gas aftertreatment ......... ... . ... 196
5291 Oxidizingcatalytic CORVEIIEE . . xwuse o xn s v w0 wiwvn » x wow 0 2 0 wmw v 0 2 mims w2 2o s » 196

5297 Diesel particulates : cove: vums s nums o s s o 6 s s mvems o x w6 wmm s v 5 86w e w0 196

5293  Denitrogenation (DENOX) - ::suensssinesssmosnsomessessssysmss e mean 198

5.2.10 Simulation of diesel engINe COMDUSHON .....c oot issamaismmssonssssnsns ss v e 200
5.2.11 Diesel fuels .. ..o e R R Y BE B 201
8212 The foturcofthe dIeSELEORING x5 s « « < wosbn o @ 5 wommn v % womon @ & & 50 & » s & 5 % ¥ HA & % 00 8 4 202
5.3 SUDCICHBIEINE o s vivvas mman s /o £ 55 H0ie 5 6 o) 6 5 5 600 £ ¥ § 07800 § 8 S99 € § & 699 9 % Wame & 8 o 8 Boamus & a i o 3 207
§3.1 Basic pringiplesand oDJectiVES .5 s s o i s s S s @em g s 5o s P £ s 5 8 Herw s §ww ¥ o 207
532  SYSBINS  oov v v wivm s wn wmmiw o xos womiw x 0w s w wimmn s o avmin o 8 6044 88 A4 F SR EE Y S E Bl R s WS 8 8 208
5.3.2.1 Exhaust gas turbocharging .......... .. ... . . i 208

53.22 Pressure Wave SUPCLChBIGINE: . .oov v o sms s s smin e o x mom o 0 vome v 5 x ® woriw o« w5 > 8 209

§3.2.3 Mechanical SUperchar@INg .« ::orvsssspom s s omulss omes sess 5 s s s wwe s 209

5.3.3 COMPOBBIEIE . oo s« womim v 05 s s # om0 bosisi o 8 8 0008 5 § B500 & 5 5 BU5 % & Bies B & % % ieree € & W0E E 6 B 210
5.3.3.1 Exhaust-driven turbocharger ............ ... . . . .. i, 210

5332 [Pressure WaveSUPETCRAPBET . .ooc o « 5 s v 5 sumie = 2 4w w0 00w € 5 3 90 mcmcons x @ 0 & & 8 212

8333  COMPIEBEOT .:uuwieio 55 o 55 wuiei 6555 S0 6 8 § F0§ o ¥ % w0w & 0008 £ & ¥ % B0 ¥ 8 w0w: X 0 5 212
33331 RoOOBIIDCICDAIRET ;s oo vm s oo & 4% Sv@ ¥ 5/00 5§ 8 WoUe s 85 &% § 6 o 212

5.3.3.3.2 Scroll COMPIRESON ... s oo e s mins o 66 oo 68 0G4 5585000 s 4 5 618558 212

838 AoplicalionDIOBIEHE | « » « v swmo v s sowdh o wmsin x5 5 s o & s w * @ e o w5 5 @ s 5 2 2l § §E 213
B4 DOVEHBINL o i o5 0r0e 53 o0 05 8 W hs 9505 5 5 SR § 3 5 SR 5 ¥ 00 & 3 % WA & B0 § 5 4 VIR & X 8 W0 A » 215
841  OVEEVIBW . s svmv o n o 455 055 E 050 55 3OS 5 s 5 SIS 8 % USG9 5 5 550 8§ BT0E ¥ 3 3 B0 ¢ w0 & Wi 215
5811 IDTEOODCHION . . .« sonm v oss 5 8 somts o 8 5 W bibid 5 5 30508 ¥ § 5 0005 5 9006 £ § 3 &800008 ¥ & 9@ 8§ 9/ 215

54.1.2 Thetasksof atranSmiSSIOn . ........... ittt ennennnns 215

5.4.1.3 Drivetrain construction and components . ................i i, 217

5414 FaldrivVe .c:oomesson ss simesss mmess $9i@e s 5 eme s 6w §e & amwsse & o5 wis » » e 217

8418 INHereilAl ... .comeecmassadissssaesssns o5 5 em § 595 § 5 SEEEE 8§ 3 0% § o b 217

54.1.6 All-wheel-drivetransfercase ..........cc.ciiverieerioereonronennnns 218

54.1.7 Articulated shafts . .... ... ... e 218

SALE VIDratory SUSIEIN s casssmusss smws s s o s s s 5me e & oo v s 5 wowvass o & & 25w = % wow 4 218

542 Statting COMPONBNLE ... ..cird o e5ams 55 Pams as 5E¥ 85 FoE €5 5058 PORTE Y 88 v 78 e s 219
BADL  ICHHCHES 17 v s s v o moms w w wims v w3 0 mdirmsn o 0 imeome &6 8 8 06 § 5 900 § 5 J0ieinii & 6 % 3 5008 % w0 3 219

5422 Bydrodynamic {orque CORVEIIEE . ... .. oww s« mmivin s o mm n 2 men s ® % e § el 223

543 Manual transmission SYSIEIMNS o i o 5w o5 0 swere s s smos v« somee o 5 Gow v » wowoss o » % w8 s w 226
5431 Construoctionandoperation . .::swvsss neesspaes s smes s woes s s s sme v« wme 226

5432 HIEAIIHT ... . coniviv n o some o mims b on 0 mometidi B § 550 8 o8 B0 ¥ 5 B9 8 8 BOINE B ¥ 5 E DD § W E 226

5433 Synchromesh ............o it 226

5434  Additional transmissionCOMPOREITS . . .« « « 5 wwmw «x o x 0 wemin & 0w 20w » 5 000 5 4 227

5435  Trassmussion shift mechanmiSml s ovve s swui s s swms os wm s s mwe s s s 55 wiw s s wim 228

5436 ApPHCAtOR EXAMDIES . . coovioimmasssme s s o es 6o 85 5005 55§ § §ow 5§ 598 2 3 228

5.4.3.7 Automatically shifted manual transmissions ........................... 228

54.4 Geared automatic tranSMISSIONS . . . v ot v vttt et et e e et ie e 228
5AAT  OPETRIION i s s s 0005 5 9500 55 SEed § 5§ 550 5 § 8 S5 ¥ 8 €00 @ ¥ w00 & ¥ 0 8 0 Wuwe s o = 228

54472 CONSHUCHON .. i v imasspiaasss s es BUies 55 50 v § G sy ¥ 5§ e5e 3 e e s o 230

5443 Planetary geartrain COMPONENES .. ......covceessnsssvassssoniasonsss 231

54484  ACHIALION . o vooiov o oo s mmens km o sssmassssessosenssnssssssesss 234

5445 Operational behavior .. ool swess v s wwme s s s v« s m mow o s o o0 womin n o mon 52 235

5.4.4.6 Application examples: transverse frontdrive ........... ... . 0oL 231

5.4.5 Continuously variable {ransmiSSiONs .........ccceeervvevnerenaasisosnsessneens 237

54.5.1 OperatingprinCiples . .......coccicmnsvosnorosmonnossssiscssssosese 237



X11 Contents
I A5  CONBUUCKION 555 5 55 556 55 505 v v mimime 5 m = mimis 5 2 2 00w 51 5 Sinom & = 2ok K 3 8 7 ormrin & % 090 239
5.4.5.3  Component GrOUPS . . ... vi ittt ettt 239
5.45.4 AcCtuation ... ... ... 241
dd.e WPCISUGERLDERAVISE ..v » 5 5os 5 5 5 s 0 o e 6 5 5 65 § 5 5000 5 § SEEEE E § § RN & § PO 241
53450 ApplicationexXamples . :uwsssamwissnemass il sdsas s s s ies§s s s iEs 242
5.4.6  Electronic transmission CONtrolS . . ... ... ... .. ..ttt e, 242
3.4.6.1  Overall systems . ... .. e 242
5.4.6.2 Controlunit . ... ... ... e 243
D:40.3 COMPONCHIS « vcucvnmwus smssswniosss boas i 5 Gms s s s ¢ 58 S006 & 5 § 9600 8 § % ole 244
=R LI S eIl T T TN T T 245
D]  ETCETIOBES & 56e 5 5.5 0G0 ¥ 7 5 50500 5 8 5 50000 5 dusim o & diliblo x o'n ol 5 & modichs % % o B X 18 WO % 2 B 38 s % 2 08 247
5.5 All-wheel drive, braking and traction control . ............ ... .. ... .. .. 248
5.5.1 All-wheel-drive concepts . ......... . i 248
d3.5.1.1 Apphcationof all-wheel drive . . cuvessimmovswms oo mes ss sewmes s wmwa s 5w 248
35.1.2 All-whesl-drive characteristic CUIVEB o s o5 65055 5 5iis i 5 0606 885 5 06 & 5 ans 249
5.5.1.3  Drivetrain taXonomy . ... ... ... ... e 249
5.5.1.4 CompoOnents . ... ... 250
5.5.1.5  System selection . ... .. .. ... ... ... 29D
30.1:0 Eilectonerash BEhBVIOr « s i s v o llom s s vt 5 55 555 5 8 e 58 5 95,5 6 § 5 508 § 5 o 255
5.5.1.7  Noise, vibration, and harshness (NVH) ............. ... ... .. .......... 255
L L8 DIIOCHRIONIEE. .« v v v oo x b okis miklptus o lomins & 5 w50 v % woswoms & @ » wowses o & & wowcn: o0 % w 255
5.5.1.9  Braking behavior of all-wheel-drive vehicles, all-wheel-drive
SYstems, and CONIOl BYSIEIMIS: v s vivmn s s v & 5 550 § 5 5506 € 8 5 9160 58 % 61600 5 5 o 255
852 Tractionand DrakIn@ eonMOl .. om v s se i Vs sifos s 55 568 65 5.5 5 56 506 55 8 8liis s 5 5 moms o & o 256
D521 ACKHVE SALIELY . . oo nnoievcmieoosmirons oo meess sissss e s smsessnsess s 256
5.5.2.2 Tractioncontrol systems . ............. i 256
.02  NEmcleStability SYsEemas o VOt i ¢ e b e v s ey 8 590 6 % B ST 0 EE S0 B E 5 287
9.542:5.1 PassivesystemS TASCLASRY) :onvssvmasmnm a5 ome 55 s s s o 257
5.5.23.2 Active systems (DSC,ESP) ...... ... .. .. . .. . . .., 259
5.5.24 DSCand ESPwithpowerbrakes ........... ... ... ... 259
5.5.24.1 Brake by wire . .......... ... 259
3340 DONSOIS s sssnes s vty ooy PR o SR L e R S B R F RS B 260
3.5.25.1 Wheel Speed BEIBOTE & . ivs v i v niesi s mies s o mme s nsmins s mnes s 260
5.5.2.5.2 Vehicledynamics sensors .............. ..., 260
- 5.5.2.6  Adaptive cruise control (ACC) ... .. i 262
aky. OpmiZEEaoH-OL SUINETY dOVIERE. ; ; wovw & « 4%k Sl I W v Baled ¥ 5 o ¥ 5 ©lE ¥ 8 5 Fs § 4 5 hisid & 5 264
5.6.1 Rising motor vehicle energy consumption due to the growing number of
ClECIIICAl COMBUIMIBES ... v 2 s svoe om0 mim s wioum o om0/ 8bi: o » 0 b o 4 s e o o ocimsm: & 0 @ wcowsn o & ' wosmont o o 264
5.6.2  Strategies for reduced fuel consumption ........... ... .. . . ... 265
D.0.2.1. More ethicient onboard electrical generalion i .. oo s s wwwv s s wee s s 59§ 5 5 265
3.6.2.1:1 Generslor IMPrOVeIBIES .5 s s v 55 505 5 5 5500 85 6 5000 6 7 psos & m 0 265
5.:6.2.1.2 “Smart power SWItCh™ ... ... v ienntnnmesanononnsneoss 265
36.2.1.3 The ISAD BYBIBIN it vaied s MFIel » e o w sonis 5% % wisw & € & w56 6k 265
0238 AGEPUDRIOS . uo sy s vmms au JTRT bs e & v v 5 ¥ 3 SIS B R E B E S § 265
90215 Increasedonboard vOIRER i s s vem s oo o s diie i 65 558 55 % 266
DOLL06 ThE SEWIUBLOBIL . i ittt 55000595 e o mmres o 5 2 emmsms o & % i i o 2l 6 266
5.6.2.2  Improved efficiency and reduced consumption of auxiliary devices ......... 266
20 Z.]l EliSHiC pOWEE SIS var e el o bull o tare d u's s v 3 3 55w 5 5 266
30222 Demand-driventuel supply pump . i oo v voloés s smm o s s ma s 267
5.6.2.2.3  Electrohydraulic/electromechanical brake system ............ . 267
5.6.2.3  Energy management SYSteImMS . . ... ......c.tiutiittt e 267
5.7  The two-stroke engine: opportunities and riSKS . ... ..ttt 269
5.7.1  The tWo-StrOKE PrOCESS . . . ..ottt et e e e e e e e e e e e e e e e 269
old TRCODPUCACOBCEDL . .o i o civ s mim e s FHisi 505558 8 T T 8 505 5 558 555 otdl b 5 & wome = 4 269
9.7:3 DevelODIMML ROTUE & it s i o n n mamo n musos /a8 mioome o &0 b0n 8% bae o i medisi'n w » wrasins = = % csoes & 271
5:7.3.1 EIMIBBIOME .. v e s cmniv o somm sn o wimins 6 u monle 5 5 hieie 5 @ B0EE § 5 B Ee § § & S 271
5.7.3.2 Noise, vibration, and harshness .. ............ .. ... 271

Jil:3.0 PuCl CORSUMPUION w5 5o s 5 i 55 3 aibibis #0005 5 5 500 5 5 090 55 5 50006 £ 5 5 505 & & 272



Contents X111
5.7.3.4 Mechanical durability ... ...... ... .. ... e e 273
5.7.3.5 Packageand weight . ...... ... ... . .. ... 274
DT BN TOBIE sv s 55 va s wim o 5 @ars 5 6 Fves o v g Sam § ¥ $o0ie 8 v % SUS @ & R & B % AR &8 ATR & B 275
574 Soromaryand eVAIUANION. ;s e s s v s 5 6 mew o 5 5 S ¢ § S0 65 5 5 53 3568 5 8 § BEE0 § 30 68 275
5.8 Alterniative T0elSin COMPATISON. .. co5 om0 560 55 5o o s s 6ws 65 5160 § 5 5 900 5 5 506 & § ¥ & 5706 8 5 316 & & 3 275
5.8.1 Possible sources of propulsion energy for mobile consumers ...................... 275
5.8.2  Criteria for selection of energy carriers for vehicular traffic ........................ 276
5.8.3  Conventional fuels and possibilities for their continued development ................ 278
5.8.4  Significant reasons for alternative energy carriers in motor vehicles ................. 278
385 Bloluels .. c.oosciioesnsssmsss e ss ba ey s s s olvs s 5 ebw 50 0000 E S8 SHIEY ¥ ¥ B/ET o 279
58.6 Methanol .................... i = = s % e e Bkl B A A B Y S BN AN RS B Y 279
5.87  Natural gas ... ... e e 280
BBB EIVAYDROIL o5 wmn s s somms 55 805 5 0 550 5 5 Wow ¢ § 5 b 6 9§ Sous @2 % RS & S E ¥ 8 5B & 5 R0 281
6 BOoAY .. e 283
6.] Bodystructural praclice . .:uesssssmmessmsssmmssss vmms v s ww s o9 o0 64 Sree &% s Bwse & 5 S ¥ - 283
B6.).] TN OOOY :iisvis i e b iommes vess aiss o8 SO ¢ N 500 556 %66 8 308§ 85 DR0E s s pW 85 g 283
6.1.1.1 Development Gerands ... .. .omessoemdss pad 5555055 69 5 15 LAY £ 8 U 8 § i 283
6.1.1.2  Exterior skin . ...... ... .. e 283
DL L2k, DRI o ¢ vems g 3 g @ 2 5 5 om0 5092 3 5 2 sowuon & % Beem @ % 6 SiGRED ® 7 S ¥ e 283
6.1.1.2.2 Aerodynamics and aeroacoUsStiCs . . cwws s sies s s vmens v o v o 283
B.1.1.3 POCKARE .okcioniiiiinngas o b s ameas s am ey Bl 5 W5 5 B § Y 3 284
6.1.1.4 BOGYSITUCHITE . .ccv v mivammoss on oommn onmin s e mmn sn oo s s muedon § 55 500 5 8 506 285
6.1.1.4.1  Floorpan . .......... i e 286
6.1.147 BolYWOTK issmecsisswsss s ssswms e o w6 s sommem s o % o o wi 287
6.1.1.4.3 Side panel assembly ;:ccnsssusssasviseess s sumeees s 55w 287
6.1.144 Roof .................... ¥ 8 R B RS § R AR F F R A A 288
6.1.1.4.5 Attachedparts .............. e e e e s 289
6.1.146 Joing eCBNOIOBY i svurw s v woww o 2 s o % v & 5 5 mowmm o ks w0 > wi 290
6.1.1.0 BogyoharacteriSsties :cuissomasinmeas s o ass e oo 00 € § 5 S0 5 55 548 § 5 508 1 290
6.1.15.]1 AuSEmbIYIDIEraiices i oosuommess s s 5 e s eeee £ 3 95 & 5 509 » 290

6.1.1.5.2 Bodystiffness ........... ... 290
6.1.1.5.3 Collisionbehavior .............. . .. i 292
6:.1.1.0 Prognosis ... seos vs s weesss oees vs e SE 5 5 S £ PR © § & W & mi 292
6.1.2 Space TamEsod CladOINg ..o5 6 oo 0 e 55 55058 5 0% 55 6 Sk 5 850§ § SLITEEEE BB 8 ¥ 09 292
6.1.2.1 IDHTOMUCHION. . vovv v v e e mow mie vox o mpiimon o mom = ommd s o ps & 3 806 6 6 § 8 908 § @ 000 5 292
6.1.2.2 Audispace frameconcept ........... .. 292
6.12.3 Materlals: o cuswomwsos omis omvss o559 6 5 500 5 § SOme v o ww 6 8 e 8 88 Ew 6 8 Wi 294
6.1.24 ASEStuctiral Clements i vsssomvsss mes o5 S0 e s oo 5 s @ w5 g 8 e5s & 20 2935
6.1.2.5 Manufactitmp TECHNOIOBY ...« » » sooune s n doone o 4 oiii § 5 656 6 4 58008 5§ 5 § 0016 5 55 6 5 295
6.1.2.6  ASF properties . ....... ...t e e 297
5127 EneravbBud@el oi;osssssssss emmas ows sy s s v o s smmom & 5 x & o o 8 w5 o 299
6.1.2.8  ProonosiS :cscsssoimss siossns 0ieies o5 505 665 oo s s 5o 8 8 9 &5 § 5 55 5 5 50 ¢ § 299
61.7 CONVEIMIDIEE . ..o nn momumm o n mso o n svmn oo dbmbbi 88 S 6 5 4 S0 L@ 55 WOME LY 55 55 i 8 5R #3 300
6.1.3.1 Introduction . ... ... e 300
B0l  BOOYBHRHL vy g s s 5 e asmn 8 6w g e s w5 B SRR K ¥ D X § SRS 5 & ¥ ¥ % B K % I 300
6.1.32]1 BodySlIINeSS cvsvmmes s swm s wmes o5 o s 5 wws a8 s ¢ wmes s 5w s 301
61322 MasSOEINDOT .;:ioveesiomsis mass sus s eios isss omes @ uuis 301
6.1.3.3 Reducing accident CONSEqUENCES . ... .. ..ottt nneenennn. 302
0.1.3.4  DOOTS ..ot e e 302
6.1.35 Convertibleton: . umw s o mws s smmws s s mis 5 0 svome s ow s v wome o 5 & 5 & aome o oo s o o 302
6.13.5.1 Convertibletopconstuction .:.vc..sscssmesssssvmessvesss 302
6.1.352 TextlepPackage ......sosmmeeommissigssnsssiiospessoesss 303
6.1.3.5.3  Seals ... 303
6.14 Hybrid and mixed-material body CODSIUCHION ;¢ sv oo vmviosmie s awmonsnsses s msess 304
6.2 Automobile BOdy Materiall i casis o pfm s s st W EFDRIE IS4 B ¥ 3 SEY A8 VBT LI W EE 313
6.2.1 Metals m siitomobile body CONBIMICEION, .« .coc 650 25 5 5 006 5 55 35 855 4§55 & 6000 8 5 91 5 5 314

6.2.2 Nonmetallic materials in auto body construction ............. ... . i ... 324




X1V Contents
6.2.3  Multifunctional materials (smart materials) in auto body construction: the future ....... 329
6.3  SUrface ProteCtIon . . . . ... 330
6.3.1 Benefits of surface protection ............. ... .. . ... 330
0301 LSO DIOIBOHOI ;5 o ov v o mmn s moms e s 5w s 8 9% 5 5 S § ¢ § 55659 § 3 § F00% § § 4 330
0314 SUIGCODPIOBOION o5 ymm s s vims s SEiss o 5 5o & 5 B 5IF 56 B0 § 5 5 Be@ &5 8 6@ & 8 5 331
0.3:1:3 TranSDOIEDIOECHION & i 556 5 5 suei e & o omio s » w9 o & 5 @ ot § § Dbkl 5 8w ckion » 4 8 momorns = 2 1 331
6.3.2  Surface protection development and production . .......... ... ... ... .. 331
6.3.2.1  Metal surface precoating ........... P 331
6.3.2.2  Anticorrosion measures in auto body construction ...................... 332
0:3:2:3 ProductionCASUICE 45 s s s o v s s 0w 655 506 5 § 5 505 5 § 5 @05 & § 8 0850 5 5 § 5.5 £ 5 3 332
6.3.2.3.1 Bondingandsealing .............. ... ... ... ..., 332
6.3.2.3.2 Pretreatment . ............. .. ...t 334
6.3.2.3.3  Electrophoreticdipprimer ............ ... .00, 335
63234 Primerandcolorfopecoat ....:cocisumessnmssswmmssssnssss 335
6.3.24 Bodycavity sealing and undercoating ........:covessovsasnossoisassss 336
6.3.24.1 Bodycavitysealing .............. ... ... . ... 336
6.3.2.4.2 Undercoating . .............iiiiiiimiiiiiiinnee.. 336
6,329 '1EROSPOI DIOOOIION . . u wov v o v s wommm v 5 v wow o m Soe B8 8 5 0 § 56 00060 § 3 4 % 16005 & 6 337
035 ProBOOSIS s cmes s o smss 69 S5i0@ s 5 676 5 5 B 535 500 5 §5 BSE B3 BEE 3 B0 i §Epam il s 5 6E 55 B 337
04 VODICIGIMIBOION v s ot 8 6 6sid 5 5 5 asin & a sum 6 o momm 5 0 # SIHEAG & 8 % B8 & @ PURS ¥ 5 BeEs & % AoRE S A & 3 45T 0 3 1 338
6.4.1 Ergonomics and comfort .. ........ ... 338
6.4.1.1 Ergonomic demands on the total vehicle .............................. 338
64.1.2 BasicergonomiClayoul . .csssssmemias 5eess sess s EE s s SEE 0K EE sy b 341
6.4.1.3  Development methods and integration of ergonomics in the creative process ... 344
6.4.2 Communications and navigation SyStems . ...............uiirrrnnnneennnn. 347
6.4.2.1 Goals and solutions ............... e e 347
03,202 CAUTOAO o wovssosmmm s s w0 s S 6 8 5 S0 5 § 5 5@ ¥ ¥ B 5 § 5609 5 § SE & 8 5 59 88 4 348
064.2.2.1 RDS(RadioData SYSIEIN) issumissnssismesis oseisssmesss 348
6.4.2.2.2  TMC .. 349
6.4.2.2.3  DARC ... 349
Rl DS oz '3 woa i g o some 2 5 90k 0 F R0 £ ¥ § SV B 6 BSEES 0 8 OGP 3 5 PSR B E B SRS D 8 G NS B 349
6424 Cartelephony ..icvsissnissnmiss iaisiassismisis o s Fndissnsssa 349
6.4.2.4.1 Automobile installation of cellphones ...................... 350
6.4.2.4.2 Permanent telephone installations . ........................ 351
6.4.2.4.3 Radiophone ........ ... ... ... ..., 351
6425 DBeacon commuUMEaIONS: o v s wows s v e v 85 sl 65 S0 § & B6E & § 4S99 K § S5 8 § 351
6420 INEVIBEHON cuvivmmsisimissmm e onb a5 s o 55 ook 4 5ot o x5 b 5 5 5 s o 4 351
6.4.2.6.1 Dynamic navigation . .................uuiiiiiiiiieinnn.. 351
6.4.2.7 Traffictelematics . ...... ... .. . . e 352
6428 Driver Information SYSICINS: . v s 5 smes s s 55 %6 s s 5% 8 5 606 58 § 5764 53 352
64,3 Interiorcomiort/thermal COMIOTE ;o5 amm o6 a0n.5 5 B 58 5ehe 6 8 BE0d & & 6 Buwid 65 3 ol o s & 353
6.4.3.1 Driver comfort requirements . ............. ... ... 354
6.4.3.2 Climate control unit functions and construction ........................ 355
6.4.3.2.1 Climate control unit functions: supplyair ................... 355

6.4.3.2.2  Climate control unit functions: control temperature
anddehumidify . ... ... ... .., 356
6.4.3.2.3  Climate control unit functions: air distribution ............... 357
6.4.3.2.4  Climate control unit functions: air filtering .................. 357
6.4.3.2.5 Climate control unit.confIgurations’ .« s s v wom s s vumas s awmis 359
6.4.3.2.6 Climatecontrolunitlayout .................. ... .. ........ 359
6.4.3.3 Climate system controls . ............. .. .. 360
6.4.3.3.1 Degreesof automation ................. ... .. .. . .. ..., 360
6.4.3.3.2  Operation of climate controls, ergonomics .................. 360
04.3.3.3 Achatordrives aNd SENSOTS. . s oo s s 6506 8 5 5506 56 b oo 53 4 65 s 4 361
0.0 VEHICIEBAIEEY 6 5505 66 8 mummmn e munow o m om0 3 om0 8 0 wrmim & 2 % om o # o ool . o s 3 % 0 e & w3 M 362
0.5 1  IGENETAL . i e e s e e e e e s e s e kAT e S E 6 e 362
6.5.2  Automobile safety domains . . ......... ... 363

6.5.3  Statistical accident data . .. ... ... ... .. 365



Contents XV

6.54 Biomechanicsand proteCHONCIINEIIR: .« « vorv v« & 5vm 05 o & & & wusre « o ¢ ¥ % Sswram: 0 & o o 5 367
6.34.1 DIOMECHANICS ;555655066 oaes s o5 ¢ 5 5/ 5 5 905 5 6060 5§ 8 FwE® 6§ 5 0w o 367
65411 BBSICE ciionsisaniii s bamsiinees pea s i onmess s s 367

6.5.4.1.2 Human load-bearing capacity ........... ... ... ... .. ... ... 367

6.5.4.2 Protectioncriteria ............... chEn & & e x = o e = il = 3 meemene = X S 0 5 368

63543 ShnmuilalionapParilis. . e s« v v s ¢ o s 5 3 mos » 5 s v 5w o @ s S § ¥ w0 369
654310 Homd .civcossvcmpvsnmmoes pes s smes s om y s s s s s s o 8 5 369

65432 THODHK o cesnnsssismmiss S08 o o f s s s ol s s s Snes €8 § & v aie 370

6.54.3.3 OVerall DoAY .. .cccvesmomnnommnssmnmnsosssssissssssseisas 370

6.5.5 Quasistatic demands on vehicle bodies .......... ... .. ... 370
655.1 Seatand seatbelf anchorages——teslS .. o« u was s wwin o 0 0w v 2 @ mmim « o » @ oo m 370

6552 RooISUENEN i vusisvmssmmsds paeas s me s s s wwe s s o0 § 6 % BSy e § 8 5% 2 8 o 371

6.95.5.3 SIHESHUCIUIE . .comnoms s sions b5 afnies $55 08535500 55 55 § 4 p0ims ¥ 5 50 ¥ § 90 371

6.5.6 Dynamic vehicle collisions . ........ .. e e 372
6.5.6.1  Frontal collision . ....... ... e e 372

6562 SIOeTMPACE ¢ o5 mvmw v s s me s v oim o 5§ 5 GO § 5 950 § 5 5 WS T WS § 5 Vel B X BB ww X e s 373

6.5.6.3 Rearcollision and vehicle 1ollover ... .:smissfomesvmassmmmasss mwss sas 373

B.30:4 BOON . . oovm s e mms o d 5w s mon o & 8 mossmm x 8 wevin s 8 pans & § ookl § § 3 eI TIITTY 374

6.5.7  Occupant ProteCtION . . ...ttt e e e e 374
8.5 7.0 WEHIPIe IDICTIOR o d o 5 wvve s 5rmn 5 3 5 5o & 5 9oe & § % Wowm © § W0 © & & WEGRE R K % RIS © 4 S 374

6372  ReStraintSYSEING .« s v a5 cims 5 s 4 S0050 ¥ 5 B0 5 ¥ 5 W50 § § 508 § § 5 B505 0 8 ¥ § 598 8 & w560 & 375

6.3 101 SaIeW ORI .:ici-isiniitindses DTS I REmEELE BB 88 BT 373

6.5.7.2.2  Child-restraint SyStems . ... ........uuumiiminiennnnnen.. 375

6.5.7.2.3  AIrbag SyStemS . ... ... ... 376

6.5.724 Seats. backrests, and head TeSEAINLS . . s o v v v 5 5ow o 0 5 5 v w0 5 o w0 s 376

6.5.8 Interaction between restraint systems and vehicle ........... ... cc0iiiiinieninans 377
6.5.8.1 Unbelted 0CCUPANt ... ...ovvrromicnnooansoomssamasssasssssoosssses 3717

6.5.8.2 Three-pointbelt . ....... ... . e, 371

6583 AUDAT BYSIEINS v 55 wiuro s 55 s 5 5 svssns o § 95 & 5 5 50 5 5 90al & 5 & wokiw £ % 6 % wTw « ¥ w 378

6.5.84  Effects onrestraint system capability’ .. cusssmws o5 5w s s smm e e s 6 e s 8w o s 379

559 SIAECHEIONG .. v s vomn s s momek = momn 5o S 2§ s bt F I B FE R ES SR U P TS BEE 5 505 § 4 379
6.5.9.1 Theoretical considerations . ........... ... ittt 379

659.2 Bideimpactiest{as denea M UIBAY .. ooon v v umm c v o« oomw o e xn 0 wim 00w - 0 380

6,510 ComPatbIIDY ::ommessmmrsss omss o o5 FoEE s 55 06 ¥ 8 Foms s s 5§ 8 FEEe sy s wme s we s 380
6:5.10.1 General obseIVANIONS . .. covsinewsisbosis oo iss @ is OWas e85 oiE &5 mE 83 380

6.5.10.2 Cattrick COLUSION. . .vv v oin v cnmmm e n» mimis s mmosom #xmomom s s wom e s ssawhos 8 0 86 382

6.5.10.3 Pedestrian colliSIon .. ... ... ... 382

6.5.11 Computational methods in development of safety components . .................... 382
65111 Basicprneiples ..iceiisesinsndes i m s iR esn@s i S0 Es s o8 RS9I § Y3 382

6.5.11.2 Description of numericaltools ............ ... ... . L. 382

63113 CotmpPoneitCaIMIRIION. o wnx « » worvon « « 3 won @ 4 mocw x x w1 s eave & 5 % 2 o m = w0 o5 o 384

65.114 OverallvehicleIayoml ... isvomesiswvssmmmsssmmasmenessnmme ey ewes - 385

65118 Overallmodel ..csisssomisssnsirisompseh@sss e e s BEs v 8538 Pue es 500 6 4% 385
6511531 NehiwlemmoIel . ... iilbon i i omsiis e i DEEEEE S AU a4 BN B 5 3 385

6.5.11.5.2  Occupant simulation ........... ... ... i, 385

6:5.12 SUINMNATY o w5 oom 65 2% 5'e & 50 o 5 $Hmces § ¥ boam o o wvss & & % Wi & % W & % % ¥ % S0kos % & wow % * 5 386
B SUSBDCDSION s i s wivv 55 5w ns s 559 5 6 5w & 8 5 S50 v & 6 & & SHIWS 6 K & BE0G € K RIS 6K ¥ 06 8 S P ST B R 3 S R O 389
1. eneral :aisseisasesis Tl Tl I T T I T T rre— 389
7.1.1  Definition of the SUSPENSION CONCEPL i sss s sspamss s oo BTS8P EUs PEIE 555 DY 5 5 389
112 The SUSPenSiONTABK . .cvovssorins s mm s v ssnsmn s miomsssboad s bossdssadle§s5ma8me 389
7.1.3  Vehicle dynamics and suspension forces ............. . ... i, 390
7.1.3.1  Transverse dynamics: transverse suspension forces ..................... 390
15011  Sieermathe WHERLS ;v owwss wiov 655 59 8 & 6w 8 5 5 eS0ers 3 § 956 8 ¢ 57 390

7.1.3.1.2  Stabilizing the vehicle on a predetermined path .............. 391

7.1.3.2  Longitudinal dynamics: longitudinal suspension forces .................. 391

7.1.3.3  Vertical dynamics: vertical Suspension forces ... ... ..wwosummony vm o s 392

T14 Basioeonl CONTCIE. 5oe.0 i umm e simn s des ea-s v ke 65 § 4 9955 § 5 559 6 5 5 SRS0E ¢ & S0« 5 v 393




XV1 Contents
Tt DIBKES v vonsmus vmm e o s o ks 5 Swe s 5 55w €5 059 8 b5 50000 ¢ § 5000 8§ B 000 8 % SAN 5% & SO0 K ¥ & SIS b 3 394
Td:l IDUOODCHON. 5 v o5 s sievs ss s w6 9o/a s 8 5@ § 6 5 SB(E05 5 § S5 5 § 5606 5 § 606% 5§ 5 G068 8 & 5Hd v s 394
T22 DBrakcaystembDasies s ds inEsiiasisihae st omd s Lo ¥ s b b & balis i § 5 50w ¥ 3 394
T.2.2.1 PHySICEL DIANCIDIES. ... - « e« x mimon o v 0 momemn = 2 momn & 9 mowcn: 5 8 bl B § Bkt di 8 4 6 80 8 3 394

7.2.2.2 Typesofbrake systems . .......... ... . e 395

7.2.2.3  Regulatory requirements . .. ... ... ... ... 395

7224 S brakeSVSeMIB v s s siw v s s wis & 5 5 e ¥ 9 & 550 § & 00 § § 5609 § ¥ 5956 F 8 5 8 008 8 8 4 395

T225 ThebrakINGPrOCeSS .::vviisisssssssssis amsss s s oIERs s SoEs 585 BE s 396

12210 DBrake sYSIEM QBBIBTL ... « »w o 5 wodin nn » womn 5w x mvonm = = oy 5§ Sl & 6 & @iokal § 5 8 4 o 8 § 8 396
7.2.2.6.1 Brake force distribution .......... ... .. il 396

7.2.2,6:2 Brake 1orce QISIbUNON GIBBIAML v o o x 5w v s » win v 5 0 wvesm v « 2 % 2o & » 2 397

P2 203 DImMenBIONINE .uwws ssauomsss wmess eads s wn ey s e 5§55 om 530 397

12204 Thermallayolt :inc:ssansissomsisume sl iRessosisiss Susgs 397

7.2.2.6.5  Pedal characteristics (ergonomics) ...................... .. 397

7.2.3 Wheel brakes . ......... . i e e 398
Td3il DIUMDIAKEE o v s covun s 5 wvm s 5 piws & i 5 59 § 58 Sval & § w@vs § o Som 6 & ¥ WO 6 & 55 F00 & ¥ 5 398
L2310 FPorkingOrake . .oum:samsmb s sesss aess s heess SuEe s sy ey 398

Ll IMpleX Qrum DIEKE .. .ocorrinsiissmis i DR s NmEEsaaEsa Y 398

7.2.3.1.3 Duplexdrumbrake .......... ... . ... . L 399

7.2.3.1.4 Duo-servodrum brakes ............ .. ... i, 399

Tdid:1:5 Drake PO sz soow s v vee s 5% o094 5 55 § 5 5 90 85 8 0955 58 5w § 6 Y 399

7.2.3.1.6  Calculation of drum-brake design parameters ................ 399

T.2.3.2  IHSCDOIBRES . .\ voonivn vt tie wimon s 's o mmin = o smio o n o om0 9 8 v = % 2 mrom o 5 8 oe 5 & 3 400
7.2.3.2.1  Disc brake configurations ............. ... ..., 400

bttt BERMBRIOE. 5y v 5 v 5w w6 R S G 0 e A e e S S 400

1.2.3.2.3 Fixedeallpers ;. nvienuvssssmmess mmes 5o sssome s s 8 amms s 0 401

1.2.324 FloghmgIramB CRUDEIE :ivivsnine i s ma 55 baa 55 Bamd a5 baldi§35 401

7.2.3.2.5 Shding calipers . ........ .. . e 402

12326 Optimized shding CRUPErAeSIENG .. ..oc v suve o s mmm e o o n wmen « o s 402

1.2.3.2.,] Discbrake designcalomiations ... sww s swms s swmessss mws s s 403

712.3.2.8 Combmedshidmgealiper ..;csisvissnssipmissnmmssss iuss s 403

7.2.3.3  Materials . ... e e e, 403

7.2.34 Brakeliningsandpads ............. i e 403

T24 Actuation BYBIBINY . . s s s s s o6 w6 5 50 & & 5 Sieas § § 5605 & 5 8 55 & § SIS 8 § BGA0E 6 5 § FE5 8§ 3 404
7:24:] TandemmasEr EYIMURL o cvissnnms v istis b s Fiam s d R 6A %5 5o sas 404
7.2.4.1.1  Vent port tandem mastercylinder .......................... 404

7.2.4.1.2  Central valve tandem mastercylinder ...................... 404

7.24.1.3  Phanger tandem MASOr CYINACT ..o v o vove v v e v & e v 8 5 0 ovis & 6 5 405

1242 Brake HUid 1ESEIVOIT . . ooves s s 555 sieis 6 s smin § 5 5006 § § 8o 5 5 0608 ¥ 5 5 5 50575 § 5 3 405

1.2 'Brakge DO0EETS .6 0l I e e s AR b E i LR s P F N RRA T A 405
7.2.4.3.1  Vacuum power brake boosters .......... ... ... ... ... 405

7.24.3.2  VaCUUmM PUMID . .o vit ittt ittt ettt et e it et iiee e, 407

7.2.4.3.3 Expanded-function vacuum brake boosters .................. 407

12434 DBydranliCOrake DOOBEY ..:::mdis w55 5 s s 20ee 5 85 550 85 6 407

7.2.4.4 Brake proportioning valve . .......... ... 408
7.2.4.4.1 Brakepressure limiters ............. ... i 408

1.244.2 DBrake proportioning valve (Preset) . ... .. owossmmasss o 408

7.2.4.4.3 Load-sensing proportioningvalve ......................... 408

7.2.4.5 Brake connections . ....... ...ttt e 408

7.2.4.6 Brakefluild . ....... ... ... e 409

725  ElechonlcOOMUDLEYSIOMS: .. v vvcomvsss wwmvs sy eses s oaeyh 0% ess 505 55§ 5558 § 8 54 409
Tl ROCOREBL i § s b reiv s s G0 B S S 5 G R B E BN S B 0E E 60 N 6 GG R § SIS 4 e 409

1252 POUSICEITOUNUMONE ... 0 ¢ oo mr o sbumn 606w oahi 655 ol 65 8 850 6 5 0 w0 5 & 4 o Suimds & & ot 409
7.2.5.2.1  Dynamics of a braked or powered wheel .................... 409

7.2.5.2.2 Longitudinal tractive forces ...... e 409

12523 "LTIaNSVerse tractiVe TOTCES: .« o s s oo & 5 sieie ¥ 3 506 & § 5 3 5459 § 8 s 410

7.2.5.24 Combined longitudinal and transverse tractive forces .......... 411

7.2.5.3  Sensors for electronic (braking) control systems ........................ 411



Contents XVil

7.2.53.1  WheelSensors . ......cuuiiiiiinin ittty 411

72532 PBrakeactuation ravel SENSOF ... .« « wouw o« wow v x 2 w2 x » 30w 5 2 e 413

7.2.5.3.3  Acceleration switch (G switch)/accelerometer G sensor ........ 413

72534 Steering wheel angleBensor « v : s moe s ms s s srows as s 5w i o wie s 413

7.2.5.3.5 Lateral acceleration SENSOr ......cocsass 55 e Iy T 413

T.2.53.6 YAWTAE SBHSOT v v v« cviws xox wimin s s misie o 2 susle v 0 abisidl & § ¥ /a0 8 8 574 & 413

7.2.5.3.7  PresSUIC SENSOT . . ..o vt vitee e einetn e ianeneeeeenneenns 414

7.2.5.4  Hydraulic/electronic control unit for electronic (brake) control systems .. ... 414

7.2.5.5  Electronic control unit for electronic (brake) control systems .............. 414

7256  ABSDBIAKING ..o vvvvincnmmvss oommesssomsssassssossssaiossss oy s siess 415

7.2.5.6.1 ABSfunctionality .......ccccvemevesonosnsocassssiossssies 415

72562 ABSoperalifig faN@E . i« sivw v o wvwm o 6 » wos r o womm s « 2 2 o & 8 wom 8 8 415

7.2.5.77 Electronic brake force distribution (EBD) ...cooicvwsvanmisinamonesmnss 417

7.2.5.8  Electronic stability braking system (ESBS) .............. ... ..o oL 417

7.2.5.9 Antislipregulation (ASR) .......oiiiiiiiiiiiiiiiiiiiiiiieiiniienns 417

7.2.59.1 ASRfunctionality .......... ..ot 417

125970 PBrakeanliSHDTEFUIARON. <o ¢ « i v x @ mom v 8 awwse 54 0 m momon # w o = 200 417

72593 - Motorantishp regulation oos o s e v s s s s vow o 0 5 0w » « i w0 v 418

7.2.59.4 Engine drag torque control (MSR) .......ccocviicnniianesen 418

7.2.5.10 Electronic stability program (ESP) .......... ... it 418

T2.6 AsiStanCeSYSBING: & wiw i s s e s s 50w v s s v o s s we s x o womell x 3o e w momnw o v s o s s s 0w 88 419
7.2.6.1 Brake assistant(BA) . .usssmmeesssmsss wwsvewee s oo il oo wuw s x swm s 419

7:2.6.1.1 Electronic brake assiStant .. suscss mes s 5 68 o 5 Fome o & wom e o wve 419

71.2.6.1.2 Mechanical brake assiStant. . . ... osssss awas s vome v s = & § 5 419

7.2.6.1.3  Hydraulic brake assistant (HBA) .......................... 419

7.2.7 Development of future brake systems ..........c.civuiiiiiiiiiiiiiiiiiiienenen. 421
7.2.7.1  Electric parking brake (EPB) and active parking brake (APB) ............. 421

7.2.7.2 Electrohydraulicbrakes (EHB) ............icoitieieiivinnsicconssas 421

7.2.7.3 Electromechanical brakes (EMB) .......... ... il 423

gi B i < T T T I I I T I Temre——— 424
T3] IBHOSUCHON ..o.vvvssissosiis i as iassss s Boe s Osss oy s s e o4 Aas 5 5w 5 3 50 424

732  Tire CONSHUCHON . v v v x vmimim o mom m o w668 5005 555 30 6 5 8 $00% § 5 15/9 55 5 5000 4 & 5 & o & % w0t & 424

7.3.3  Demands O tITES . . .ottt tt ettt et ettt e 425
71.3.3.1 ServiceProperties: . : s «w « s v« v 5 swmuw & x wiwos o » 0 wewe 5 om0k x & soninss o x 8§ bodl § 3 W 3 425

73.3.2 Repulatory TeqQUITEIICNE  ouos v s s smmu s s was 5 6 wwmsi ks oom o ¥ o mimwins « o X wisss s 200w 429

7.3.3.3 Tires and rims—standardization . ... s oo sss semes s s s sess o e esomms s s 429

7.3.4 Tire-roadway forcetransfer ............cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiienn, 429
73.4.1 Load-carrying ability . ........ ..o 429

7.3.4.2 Traction behavior, generation of horizontal forces ...................... 430
73.4.3  Acceleration and braking, tangential forces ................ . oot 430

7.3.4.4 Slip angle, forces,and moments .............. ... i, 431

73.4.5 Tiresin lateral and longitudinal slip . ........ ... ... .. .. i, 431

7346 TienHOrmMIY .::ow s 0009 smue s oms s mow e s vme e oo s s x50 o s s oo o 8 431

7.3.5 Tires as an integral component of the overall vehicle system ....................... 432
7.3.5.1 Tire mechanics and material properties ..........cciiiiieiiiiiiennnen 433

7.3.5.2 TIEMOCIS «cvvvviwvomnsnmiomoin o nn mise o ssse o 68 80 § 8000 § 85 48 @leie & 5 506 8 4 6 434

7353 Overallmodels . ........iiiiiiiinii i i e 434

7.3.5.4 Descriptionof vehiclehandling ............ ... .. iiiiiiiiiii, 435

i 7.3.5.5  Synergies between tires and other system components . .................. 436
& 73.6 Futuretire technologies ..........cuiuuereiiuienenirnenrnenenasnnassacncanns 436
. 7.3.6.1 Run-flat tire SYStEMS . .. oo vveeeeeieiiee et 436
7362 ‘Tirerelated accessory DIOQUCES: .« o s s wwe s o mmn smme v a» vommin v s 2 wim = » o 436

7.3.6.3  Tire-tuned suspension system components ................c.coueennn. 436

73.64 Additional tire TUDCHONS .. oo e st si oais@s s @ios s oo s sss G i s sy #10 436

7.3.6.5 Material development . .. ..... ... 436

T4  SuSpension AESIZN . s ssvs s ome s 55 cmiasple s somwm s o8 o mbim e o wime v aswme s s s s 82w s o s 5 o 437
741 SuUSPEnsION KINEMBLICS ¢ oo ssnimsninsnsss smms s e s 89 ew s § was 5o woweme e s won s s oo s 437

7411 Kinematics of vertical wheel MOBION. . i: v v os s oo e s s s s soams &% e e 5w s 437




XViii Contents
Fid:l.Z SECrMEKINCMBLICS . uncismissi o siamass s bed 50 insaosasssam s 439

7.4.2  ElastoKinematiCs ... ........ ..ttt 440
7.4.2.1  The effect of component elasticity ................ ... .. ... . ... 440

7.4.2.2  Elastomeric mounts ... ............ .. ..ttt 441

1423 Effects of extemaltorees .. .uww v s mmmvos s ss swm s s wms 55 8 s v 55 589 &5 5 442

TAS DUSPENSIONS swwsssnpvess6ms ¥ 60sss@0 515 preiis b Fis SHii IREsss ARG Es3RmE 573 445
T3]  BEHINAKIBS & 655 055 6 5 50505 2 meim ma's mumiss 6 o mimom 5 7 & s00m » 8 2mir 58 @ s 3 2 0 magsons w1 8 o 446

7.4.3.2 Independent SUSPENSION . . ... ... ...ttt 447

7.4.3.3  Compound SUSPENSIONS . . . ..ttt t ettt ettt e e e e 448

744  Springing, dampmg, and SIADIHZOIS . . . w5 5 semvs s w6 6 5 8 55 ¢ 5 5659 8 § 5 sl ¥ 5 § $60 5§ § 450
144.] Load-CarryIng/SPIIIES s v s o6 baed § 5 6a s s 5 508 5 6 5000 55 § @ i § 5 5508 5 5 450

7.4.4.2  Stabilization . ... ... ... 453

7.4.4.3  Damping deviCeS ... .. ...ttt e 454

7.4.4.4  Vertical dynamiCs SYStEIMS . ... ...ttt 456

TS  POOBOOBIS o5 o5 v e s s o s e o ¥ 3 S6000 55§ GEE Y 5 5 8 58 5@ 8 58 BRE 08 FE GRS @ 460

PR R B - T TIT . Il I I ThIITTITITITY TTTTTTTYTYTYT]TY 461
7.4.5.1  Steering KInematiCs . ... ...... ... i 462

7.4.5.2 Steeringboxesand linkages ........... ... ... .. ... .. .. ..., 470

FRDS  OUCETING BEBIST & . s o v o v w5 s i p e 97058 & 48 RS 5 § PUEH B 6 ST0E B § ST D BB § S5 E ¥ B 472

746 AphveBICOTINE BYSICMIS: & v s wis v v 5 5% s 5 6058 ¥ 5 600 £ § 5 5iae 5§ bid 5 5 506 § 5 6708555 0E £ 5§ 476
7.4.6.1  Introduction . ......... .. ... .. 476

7.4.6.2  Active front-wheel steering .......... ... ... . ... ... 476
7.4.6.2.1  AcCtIVE POWET StEETING . ... ...ttt ettt 476

14.6.2.2 Superposed steering system8 . csssiccaisvsssssninissesnsss 476

F0:2.3  DICCI-DY-WITC BYBICIIS w5.5c o 5 6 0ioid 55 55050 55 sl 6 5 5 Bandid 8 2 0 mem o » 478

7.4.6.3  Activerear-wheel steering .. .......... .. ..., 480
7.4.6.3.1 Rear-wheel steering without vehicle dynamic control .......... 480

7.4.6.3.2  Rear-wheel steering systems with vehicle dynamic control .. ... 481

79 EvalualionCIMerIa ::ovssissaossamamis 9ussemmosisannless 9o 55 50 55 Gipes s 5 5000 5 5 § 6 § 3 482
7.5.1  Subjective evaluation of ride and handling properties ............................ 482
7.5.2  Objective ride and handling evaluation .............. ... ... ... ... . ... .. ...... 483
7.5.2.1  Straight-line motion . ....... ... . . . . . 484

7822 Cormenng DEhAVIOr wu s v siov s v oo 4 5 w0s £ 3 piE o 5 5 O 5 § 556 05 6 EEE 8 55 B § 3 486

T35 Transent DENRVIOT o s s 054 5 5506 55 § Sinied 5 #ibwk o e B s % eonns » 5 » saum & 5 5 Susie 5 2 487

T7.5.2.4  PrOgnoSIS ... e 488

7.6 Fuel system ... e e 488
7.6.1 Regulatory and cusfomer-specific TequUITemIeNts: & .o v v o wjs v s s miw 5 5 5@ & ¥ 8 B s 5 § 6075 & 3 488
7:6.1.1 Regulatory TEOQUITEINENIS o mis s som smws 85 a8 65 5 5us 8 Sions § 5 # musom o o & Somes o 2 488

7.6.1.2  Customer-specific requIrements ... ............uuuiininnneeeennnnn.. 489

7.6.2 Location in vehiCle .. ... .. ... 490
ThS DYSICHINVANBHONE o ps s v s pu g s Hles o9 Be-Va g w8 s 9o e s 5o & 8 8 SR & 8§ 5 5 2 5 490
7.6.3.1  External overflow volume (e.g., BMW 3-Series) ....................... 490

7.6.3.2  Internal overflow volume (e.g., AudiA4) ....... ... ... .. .. ... ..., 490

T A  PUBLEAGK ... s e x v sboonin v Sbbivs x o il B & oo 5 & ' womins sl stbicis o mess & % & v & @ 3 Si06sis & 5 6wt & 491
7.6.4.1 Metal fueltanks . ........ ... 491

76482 Plasticelueltanks . oossssmssmmsvss oo ds vmes ss oo s ss @@ ss 6 bed i85 96 84 492

700 TuelICCd SYSIOIMIBE :ocmsissoemiss 5055 5060 §55 RS 08 55ita 5 2 me s o 8 wss = & wimser 5 » ® e 5 2 493
76.3.1 FUBLITRREIEE ... . 0o e s oo v o wcnde'vin » s $5athdmn 5 xwwids v o » mmee 5 & o omme n s s s o o 493

7.6.5.2  Electric fuel pump (EFP) and its location ............................. 493

7.6.5.3  Requirements for electrical/electronic system integration ............ caw e s 493

7054 Jelpap (VeNIIT DUMDY) o6 s siie s 5 5 6o0sis 55 505,55 5 oug 6 5 6 ukos 55 @ mmm x & 5 wun 5 4 494

7.6.5.0  SWIIL POt .o . 494

Ti0.0  FUBLIOHETINE . ooov v oiiiiiivn oo v o v v s mise s s o wismcn s ¢ mars s s woscs o 8 ward o o % 6065 o 5 § 5080 5 & 494
67 FOSlVOlUC MEaSUICIOERUBVBIEIN. . v v s wvwsi 5 wwrms & s wrns v s 35 Sevs & § § QIR # 5 § B § & 494
76.71 LOVErAIMIBOBABE ;oo sz ss s 65 555055 4 S OEESd GEE5 5 50565 85 5d 6 § 8 5us € 495

7.6.7.2  Tube-type Senders . ... ....... ...t e 495

7.6.8  Special solutions and auxiliary fueltanks ............ ... .. . . . ... 495
7.6.9  Fuel supply systems for alternative energy sources ................c.ouuiirunnn... 495



Contents

X1X

7691 Alernative T0elS oo isasrssmmenss v s 5 Him s 55 ww e s S 6 ¥ § 3 P 495

7.6.9.2  Customer demands and regulatory requirements ........................ 496

7.6.9.3 Locationinthevehicle ............c ittt iinninnennnns 496

7.6.9.4  Fueltanks ... ... i e 498

7.6.9.5  Fuel supply systems and volume measurement ......................... 498

8 [Electrical and electronic components and systems . ........... ... . .. il 501
BT THUDHBAHON oo sic 555 006 66 6 bisie 55 § 50605 5 § 5 6.8 50008 § § 5 S99 ¥ § 00 & & % SO0 5 5 w0 & o % SOR0STR & % W00 % 4 20 501
810 CHtiliCaon .owoseisidi i 30E 5 00 EipERESIEHREIEHDTEEE 5 N ——— . 501
8.1.2 Lighting COTCBPLS: . .o v x v owmm « nmin 5 s momm 5 w5 %0 8 5 50504 6 5 5 3% 4 5 676 8 55 SO0 8 ¥ & 390 & 5 e 501
8.1.3 Headlamps . ....covveiiriiiennmnsaeossnsssoreorsensssnsnsenssenassssssnssos 501
8135 HislonedbdBvelODRIBIE o « » cve v 5 5 5 cnwmor v« wimom # w 2 wscvs 5 # 2o 5 @ masemenins » @ o o = 8 B 501

8.1.32 Hendlamptypes s evswmssmmss oo o s mmw o s o wis s 5 wm v ¢ wmms o » « ws s = oo 501

8133  ReflectortechnOlORY :cvismmesssmemssmmessswes s o ps s smmm s« ¢ sme o o 502

B134 FIEODLIGHS: . .ovvmmunomosaomennd MEdiinsaiss 0@ sioeesiomesssiomes e 504

8.13.5 Headlampaiming .............ciuiininiiiitrnnnnnnrentneannansonss 504

8136 Lightsources for DEadlanlips o « « oo o x5 5w 6 x e wwwew w o o 5 ¢ mvammmm » % » w08 005 1 505

8.1.3.7 XenonhehS :comessaomesmessss oms e s s s o5 s s s s s @ s & v s w0 00w s 506

B14d LighteValUation ...eo s mehioesood o5 o558 5000 5 § 3 55 8 7 5 50608 5 5 08 ¥ 3 35000 9 5 8 5 5 & & avl 508
8.1.5 Daytimerunninglamps ...........ccouiriniiitenereernrrnnasansastsesotssons 508
816 Avxiliary heatdlamP8 . ; sooms o o5 mm w o mom 5w snommi o mmm x 0w e om0 w8 s s 4 8 & e § 8 #5663 508
B.1T SIonalIAmDB  o:omisssmme v s s 5y ure s @ 8 SEe s v w0 s 6w e o ¥ « e 508
8.1.7.1  Lightsourcesforsignal I8mps ..svcsvsmmsiimmmssmaes ywmsossn ey waw 509

8.1.7.2 CONOGUTHHONE v« o o on v o morow w0 w momssr 6 8 5 ot § 53 ilish § 5 e o 5 SIS 8§ 5§ BIw  § P 8 % 509

8.1.8° Lighting styling . ... ...ttt 510
B.19 Fuhme develOmIIBIEE & o s o5 595 5 5 595 0 & & sovoans @ 6 u w6 5 5 mssom & o 6w x 8 200w & % ¥ 5 #0250 0 8 SR 0 8 510
8.2 Sensors, actuators, and systems teChNOIORBY & sw s v s sams s s mwms 55 mes vs i vm wvee v s 5w s 5w wiw o s 511
821 THHOAUCHION . . vnvw o omionn oo e e 88 0ok 85 6 S50 5 5 @08 55 HRIES 65 008 85 /% 88 85 5 @% & 4§ ww o o 813
29050 I € - - v ] NS S SR S T 1 511
B.2.3 S MSOTS ittt et 313
ROAd  APIAIOIS .55 050 ¢ 5 5 e & § 8 59908 § $067 § 8 SO0 € ¥ 5 505 6 § 5 e 6 ¥ S0ra 5 Summ 5 6% ¥ 8 Seres & 3 e o 2 514
825 WIBDE  ovv v nomo oo s a 8 0k 5 5005 55 S0 6 5 00 886 S04 5 4 05§ W69 E 8888 e e 515
8.2.6 Connectortechnology .......c.ciiiiiiiiiniiiniiinneeieeneeneneaseeeeeses 516
8.2.7 Basics of signal processing and tranSmisSION .. ...........outtriiteni e 516
8.2.8 Basics of feedback and control systems and electronics ................ ... ... 518
8.2.9 Systemintegrationandplatforms ............. ...t 518
8.2.10 Open questions and currentproblems ............ ... ... il 519
8.3 Electrical system/C AN . ... ittt i e e 520
3T T oo cepmpossi 5mns Fmas s vem s s s s s o suson s 8 5 Smcm » mos 5 3 & 2 e » o o pe 3 520
8.3.1.1 Modem electrical system architecture ...:covivecviomvsssamsan s we s 520

8.3.1.2 Development trends for future electrical systems ....................... 520

83.2 Clawpolealternator . ............iiuiniiinii i 521
8.3.2.1  Construction and principle of operation ................. ... ... ... ... 521

83292 Performance and efficiency DERAVIOL . v s s i v o wvoe s mo o o v wommins o v 0 wvs v @ ime 521

8323 VoltageTegulation ..o mesnmiesvs s aim € o0 § 55 pare s 906 § 3 3 $Wwes o o s o 222

833 BRIEEIEE . . cc v x v mmie s s 5 sonime 5 momon 5 amion = 5 n 2 mowsn & & &bkl & § 5 905 8 4 978 € & § SI0e100 4 5 9009 & i 523
8.3.3.1 BatterycharacteristiCsS . .... ...ttt 523

8.3.3.2  Operational behavior of lead-acid batteries ............................ 523

8333 DunlDattery SVSIBING s s ss s mie s 56 5 & 5 8 060 5 5 500 § 8 S0wismess & & ¢ e & » wow 524

8.3.4 Future electrical system architectures ...........coiiiiirvincrioiinirsasanscons 524
8.3.4.1 Dual-voltage electrical system 42 V/14V .. ... ... . .. i 524

8.34.2 Signal and powerdistribution .....ciciiviivivcrimccamnmrene s 525

8343  ENergymanagemient .. .. oee 5o seis 45 o0 s 5 s sies o 6w s 8 e w6 o wiss e e wie s o 526

8.3.5 CAN (Controller Area NetWork) .......oscnvsssimossvnmisomssimoasiseeosssces 527
BBl  MOBIVALION. . .coom v v v vnm n x mme mn 2 momin o o 0 w0 3 sshiodl 8 8 8okl 65 WERIR.41 8 5 8 % 918 § % 4w & 8 527

8.3.5.2 Fieldsof application . ..............iiiiiiniiiiimiiiiiiiieenennnn. 527

£35.3 Busconfguration 7 ccs e weosspewe s s eue v s ewons o 5w 5 s o« sove € 3 @0 527

8.3.54 Busassignmentandaddressing ......ccoco0ieiin0iiiveiiiiieiiennen 528



XX Contents
8.3.5.3 Message format . ... ... ... 528
8.3.5.6 Error recognitionand handling ............. ... ... ... ... .. .. .... 529
8.3.5.7 Implementation .......... ... . .. . . .. .. 530
8.3.5.8 OIARAATOIZALION: v 5 5 oo 6 5 s v 65 50Ee 5 5 § 1958 § 85 539 6 5 5978 £ 8 § SR § § 08 & & 530
8.3.5.9 SUDAMIATY. 55 5 5 9y v % 5959 ¥ 5 5060 6 5 5 9500 5 65 BI0a 5 5 56 8 ¥ 5 BI6 8 5 § § 00650 & 5 ReLe & 530
8.4 Multimedia systems- 1O MO0 VEINICIES & 4 oo 50 0 oo v o e mimmm e o don s 5 8§ ki 56 6 508 5 8 5 ousidl 6 5 Bopid s 531
8.4.1 Analog broadcast SyStems ... ... ... 531
8.4.1.1 Mobile radio reception interference ............ ... ... ... .. ..., 531
8.4.1.2 Supplemenitary broadcast SeIVICEE .vv s v wie s s 3w v v 5 w6 5 5 0 ww o 8 9w s 532
8.4.1.3 Auto radio receivers for analog broadcast services .................. 532
8.4.2 Digital BroaOoRStSYSIBIIB: 5 o./5.5 5 4 5.6 5 » womm w2 8 wosonm n o R § 5 & Rk 8 § 5 G080 8 1 § 4 ook § & 3 ioim 5 532
8.4.2.1 Digital Audio Broadcasting ........... ... ... .. . . . ..., 533
8.4.2.2 Digital RadioMondiale .............. ... ... .. . i 534
8.4.2.3 Auto radio receivers for digital broadcast services .................. 534
8.4.3 Multimedia NeEWOTEING  + o oove s s o5 55 85008 055 504 55 G008 5 % 5.5 55 5008053 5EE S5 § 59 § 534
8.4.3.1 Evolution of motor vehicle multimedia networking ................. 535
8.5 Electromagnetic compatibility . ....... .. . . 536
8.5.1 Ensuring EMC inside the vehicle .......... ... ... ... .. .. . . .. 536
8.5.2 Resistance to interference from external electromagnetic fields

TR IIONRIURILY) 5o b 5% 55040 6 6 ki 5 5 e tomom & 5 8 e 0 Bl 5 B B § il B § il 5 & st o 336
8.5.3 Protection of radio reception outside the vehicle ............ ... ... .. ... ....... 537
8.5.4 Standards and directives ... ...... ... .. .. ... 537
8.5.5 EEIVECOBBUERNCE & o 5w v ss um & % 960 o & W @S B ¥ § OB B ¥ & B0 & 8 8 59 ¥ ¥ BUEUE § 8§ 0 RIE § § A & 538
9 Materials and manufacturing methods .......... ... ... .. . . . . .. ... 539
9.1 ARIOOKDBEIC s s v w5 5w iiove v o 5 i 65 6 B9 8 5 BUGE % 5 BTN 55 § BT 6 5B GI 8 B B BINE § @R & § 3 B W § § 9 339
9.2 ModernmotorVeRICIE MBIEITAIE 555 5 56 55 5os o 55 50 6 Metmion £ 5 o mik w0 8 W6 & § s o a » 2 wams: » » s o 541
9.2.1 Materials share 1n automotive construction ............ ... .. . ... . ... 541
9.2.2 Requirements and conflicting goals . ............ .. ... ... . ... . ... ... ..., 542
9.2.3 Advances in materials performance characteristics . ................ ... .c...... 542
9.2.3.1 Strength and manufacturing methods ............................ 542
923.1.1 Steels ............. e 542
923.1.2 Lightalloys ......... ... i, 545
2313 INODICMEIBIE ; wtowv b s vms s 5 mws o5 o9 8 6 v 6 54 8 968 4 § @ - 551
W ZILA PIBBHEE  ssci ismims i b0 oms s 5 FmE s SR i 8 BAE 555 5 ik 8§ B o 551
D231  OIHZING . .ot x miin 5 o mtnd's » mmnon o p s & 9 8 o 5 0 3 Fm o 3 mow 554
9.2.3.2 Wear proteCtiOn . .. .ottt ittt e 355
9.2.3.3 T T T T T T . 556
9.2.4 Advances 10 JoInING EChNOlOZY s svs w6 wemw v s 55 5vs 56 Sine 5 5 56 & 5 6 W8 5 § 5 S0 K 5 BE 558
9.24.1 WeldINZ aNG DIAZING .o o oo snmnssnnmes s mmnsasmins s st s aone 558
9.2.4.2 Mechanical joiningmethods ......... ... ... ... ... ... ... . .. ..., 559
9243 Bonding . ... 560
9.2.5 Advances In metal forming technolopy s s dvmevss maois swes s st s s s vl o s 5o 562
9.2.5.1 Internal hydroformingofmetals ............... ... ... ... ... ..... 562
9.2.5.2 POLYIXOIS ..cv v 2 oimie x mmim v n roniend o 85 midsm 5 = momior 2 = aoss o 3 wcenes & » Bcieces o i 565
9.2.6 Advances 1in environmental compatibility .......... . .. .. .. 567
9.3 WHSIR a0 ' We BB I HBICT 5 voswu s 2 movw 5 3w & 3 sdvslosios 55 Poth = 5 dhors & 8 GE & § 5 SR8 & § Bis 572
10 The product creation ProcCess . ............ ...ttt 575
10.1  Simultaneous engineering and project management in the product creation process ......... o i
1LY TOIPOQUETRON | 55005 & 5505 § 5 555 5 § 545 5 § G iRihi Ao ait & 5 Boihom o o s K i omsms & % % s # s o f
10.1.2  Simultaneous engineering .. ... ...ttt 575
10.1.3  Advanced engineering . .............. ..ttt e 576
10.1.3.1  Establishing specifications and program planning .................. 576
IO L0 " PrOCESEDIAINIIY 555 5o 5 6 5 5000 55 5 55008 5 5005 § 5 @ibidd & Sk 5 5 » suvussn % oo 578

10.1.3.3  Simultaneous planning of internal and external development
and manufacturing . .......... ... .. ... 582

10.1.3.4  Analytical design and analytical manufacturing process .............. 583



~ (Contents XX1

10.14 Productiondevelopment .« see s es s pmemms s smw e e 5e s s 5588 s 969 5 8 ¢ 90§ § 50 583

10.1.4.1 Managing simultaneous development and manufacturing processes .... 583

10.1.4.2  Reduced testing effort through fewer prototype testing phases ......... 585

10.1.5  OUtlooK ..o e 585

0.0 Com bt i SHBMIIABIE : . soves x « s o 2 sisems » @ 5 sxvmnn & » ww s % s & » e & % o S & * & I K RS 587

1021 Introduclion « omsss smess s wme e wom e g g 5Eom 58 9w s s § wmm o @ 6o SRR S & & W 5 5w 587

10.2.2 Organizational G8PECIS s s s v s s sive 555 5@ § 5 506 5 5§ 39610 ¢ § 000 6 § 5 Biae 9 8 5 & 906 ¥ 803 587

1023 Methodsand BroCeiurns . oeeiimeiissnses i Beiissa@ IR i TS 48 i 8 8 o4 588

10.2.3.1  Structural calculation ........... ... . . . 589

10.2.3.2 Flowcalculation . .......... ... i 592

10.2.3.3  Simulation techniques in support of experimental methods ........... 594

10.3 Mesasurement and testing technolO@Y . viv s 5w o v s cmes ks 6508 85 5 Wee 5 5 5is 8 5 Frees s g 6 3 & & & w9 & 595

10.3:]1 DBrieltotiOUPOOHYE . o o ioim o m it o n & bited § 5 5508 5 6 5 BE4 5§ 555 5 5 BI04 € 8 5 5 018 £ & 99 ) 595

10.3.2  Basic considerations regarding automotive measurement and testing technology ... 596

10.3.3 Some selected examples . ... ... e . 599

10.3.4  On the efficiency of measurement and testing technology ...................... 601

104 Quality aB80TAN0E o . s 5 s s s ham s s AT DT I3 0TS IS PG A E SIS E B S MR £ 6 ¥ § 5 B8 & 5 5 3 603

11  Traffic and the automobile—How can thisgoon? .. ........ ... ... . ... .. .. . i i . 605
11.1  Traffic and the automobile: torn between knowledge, desire, and reality ................. . 605

11.2  Structure of the overall traffic system . ... ... ... .. ... . 605

11.3 Tiafhic technology MANABEIACHE - . « « wona v asww o & womwnm » 4 5w w0 w0 mses @ 3 w00 5 % > e v e w o m w 609

_1 11.4 Management of traffic organizalions .. ..uvsssvsmusssmmess vovssomes smme s s s wms s w3 611
12 Outlook—Wheredowegofromhere? .............cciiiuiiiiiiiiiiiiiiiineenrnanennnens 613
C AuthorIndeX . ... e 615
C TR L R ———— L § T T TT T TT 617
;j‘  he BT s R ST R P IIT I T Tt . 619

About the EAItOTS . . . o v oo e e e e e e e e e e e e e e e . 637



